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Technology Description:
There are few environments more challenging
than the surface of a Navy aircraft carrier. A
non-skid coating must stand up to tail-hook
impacts from landing aircraft, heavy vehicular
traffic, oil, chemical and fuel spills, intense
sunlight and persistent salt spray. A poorly
performing non-skid coating could compromise
safety on the aircraft carrier flight deck during
flight operations. Cracking and spallation
routinely occur due to aircraft takeoffs and
landings. That is why the Naval Sea Systems
Command (NAVSEA) Carrier Program Office
and the fleet have non-skid coatings on their
list of top management concerns.
In order to improve fleet readiness and lower total ownership costs, NAVSEA desires a coating
that can withstand more landings and less frequent replacement. To further compound the
challenge, the coating must comply with environmental regulations including the Clean Air and
Water Acts, NESHAP and EPA State regulatory controls.
Texas Research International, Inc., through its subsidiary Texas Research Institute/Austin,
formulated and developed a primer and topcoat non-skid coating that has been successfully
applied on US Navy aircraft carriers. The underlying technologies and processes have been
patented by TRI and are covered in two patents. These patents and the current formulations are
available for license from Texas Research International.

ToughGrip Non-skid and Primer Formulations:
ToughGrip non-skid and primer are 100% solid non-VOC formulations. The initial development
and formulation were funded through the Small Business Innovation Research (SBIR) program.
The purpose of the initial funding was to develop a high durable non-skid coating for aircraft
carriers. The developed formulations were applied on several test patches as well as large-scale
applications on the USS HARRY S TRUMAN (CVN 75) and the USS ENTERPRISE (CVN
65).
The non-skid and primer technologies provide extended life and corrosion protection to the
aircraft carrier landing areas while eliminating all component materials hazardous to the health
of the applicator, user or resurfacing personnel. These formulations eliminate all VOC's and
materials prohibited in paragraph 3.24 of MIL-PRF-24667
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ToughGrip features and attributes:
 A 2-component epoxy, part A is white, part B is black to facilitate complete mixing prior to
application MIL-PRF-24667A compliant
 Available in general use (“G”) and “L” formulation
 Contains no volatile organic components (VOC's)
 Contains no toxic or cancer causing components
 At 14lbs/gal Tough-Grip is lighter than current Navy qualified non-skid products
 Primers and topcoats each have multiple tougheners to enhance resistance to impact and
abrasion
 Superior adhesion

These proprietary formulations:
 Use two toughening agents, butanitrile rubber on the amine side and a polysulfide on the
epoxy side. The primary benefit of these toughening agents is the resistance to impact by the
aircraft tail-hook and other objects falling on or abrading the coated flight deck and the
elimination of the need for volatile organic compounds (VOC's) to lower the viscosity of the
products for application.
 Use white pigment on the amine side and darkening pigment on the epoxy side to make it
easy for the application crew to determine when the amine and epoxy components are
properly blended for application on the deck.
 Use 3 grades of aggregate to provide the appropriate level of deglossing and the necessary
abrasive level to meet coefficient of friction requirements.
 Use micro-fiber thixatropes to achieve the desired level of ridging in applied and cured
coatings to assure traction under wet and oily adverse conditions.
 Can be modified to include colored topcoat formulations eliminating the need for overcoating with white and yellow paint to delineate landing and work areas on the deck which
does not hold up under the severe wear conditions common on the flight deck.

US Navy Applications:
USS Harry S. Truman: The USS Truman application set the bar for aircraft carrier non-skid. The
coating lasted nearly 2 years and approached 15,000 landings.
The USS Enterprise: This recent application (April 2004) was applied to 50,000 square feet of
landing area with the ToughGrip formulas manufactured by Sigma Coatings USA. There were
complaints from the ship about the non-skid characteristics of the coating. The Navy conducted
tests of the Sigma Coatings USA materials and concluded that the materials did not create a
satisfactory non-skid profile when applied at lower temperature levels. Hence, they suspended
the Sigma-manufactured product from the QPL. TRI/Austin subsequently tested the ToughGrip
product (using a different manufacturer) at low temperatures and have found that there were
discernable issues with the friction capabilities of the product.
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Patents
US Patent # 7,037,958
Epoxy coating
Issued May 2, 2006
Abstract: This invention concerns an epoxy coating for use as a non-skid surface for applications
such as the deck of an aircraft carrier. The epoxy coating can be formulated from (a) an amine
curing agent, (b) an epoxide-containing toughening agent such as a polysulfide and/or a
polythioether, (c) an epoxy resin, (d) a rubber toughening agent, and (e) an optional fire
retardant, a glass fiber thixotrope and impact toughening agent, an optional pigment, an optional
corrosion inhibitor, an optional moisture penetration inhibitor, an optional ultraviolet light
stabilizer, an optional abrasive aggregate, or a combination thereof.

US Patent #6,632,860
Coating with primer and topcoat both containing polysulfide, epoxy resin, and rubber toughener
Issued October 14, 2003
Abstract: A process for coating a solid surface comprises 1) applying onto a solid surface a
primer coating prepared from an amine curing agent, a polysulfide toughening agent, an epoxy
resin, a rubber toughening agent, a fire retardant, a glass fiber thixotrope, and a pigment; and 2)
applying onto the primer coating a topcoat prepared from an amine curing agent, a polysulfide
toughening agent, an epoxy resin, a rubber toughening agent, a fire retardant, a glass fiber
thixotrope, a pigment and an abrasive aggregate.

Company overview
Texas Research International (TRI) was founded in 1976 and is the parent company with three
subsidiaries, (Texas Research Institute/Austin, TRI-Air Testing & TRI-Environmental). The
company is located in Austin, Texas and employs approximately 90 people. Through its
subsidiary companies, TRI has successfully conducted private and government contract research
for more than 30 years. TRI is recognized as a technical leader with expertise in materials
science, composite materials, polymer sciences, coatings, adhesives, sealants, nondestructive
testing, accelerated life testing and reliability engineering. TRI has a full complement of
mechanical and physical test equipment to characterize new materials and qualify them to
appropriate specifications.
Texas Research Institute/Austin, a wholly owned subsidiary of TRI, conducts applied research
and product development resulting in unique materials for demanding application environments.
Its' mission is to provide creative reliable solutions with unique proprietary polymeric materials
and innovative composite designs. TRI-Austin is dedicated to applied research supporting
Department of Defense initiatives to lower total ownership cost, reduce maintenance expenses
and improve war-fighter combat effectiveness & 'quality of life.' TRI-Austin further conducts

4

sponsored product research, product development and testing for the private sector in the
medical, electronics, industrial, marine and offshore oil markets.
TRI-Austin has received over $12 million of research funding in the last three years to exploit
the use of polymeric materials and composite structures in a variety of applications. A key
component of the research funding has been the Small Business innovation research (SBIR)
program. TRI-Austin has aggressively pursued contract research funding through this funding
vehicle as well as direct program support. Within the structure of the SBIR program, TRI-Austin
has focussed its own internal resources to support initiatives for lower cost, increased
maintainability, and quality of life improvements for military personnel.
TRI-Austin transfers the products resulting from its research projects by exclusive license to its
parent company, Texas Research International for commercialization. The commercialization
phase may involve manufacturing, marketing and sales, licensing technologies, selling products
or technologies.

SBIR Sole Source Benefits
Because funding for this technology came through the Small Business Innovation Research
program, certain rights are afforded both the participants and the technologies developed. A
primary benefit associated with commercialization of these technologies is the ability to be
awarded sole source contracts Specifically, SBIR developed technologies are afforded a "sole
source" position for five years after the end of the SBIR phase II effort. Depending on the
situation, these rights can be transferred with the licensing/purchase of the technology

Contact Information
For additional information including technical data and licensing/partnership opportunities
please contact:

Scott Strehli
Executive Vice President
Texas Research International, Inc.
9063 Bee Caves Rd
Austin, TX 78733
Office: (512) 263-2101
Mobile: (512) 484-9351
Email: sstrehli@tri-austin.com
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Appendix
1. Data sheet and application instructions (F718)
– Primer
– Topcoat
2. Patents
– Epoxy Coating
– Coating with primer and topcoat
3. Marketing brochure
4.

SeaPower Magazine article
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PRODUCT / PROCEDURE DATA SHEET NO.
I.
GENERIC TYPE AND DESCRIPTION:
Specification Number (If Applicable):
II.

DATE:
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MIL-PRF-24667A (NAVY)
(b)

Sigma Coatings USA
1401 Destrehan Avenue
Harvey, LA 70059

PRODUCT DESIGNATION:
5430 Tough Grip Primer

COLOR(S):

(d)

Light Gray
(e)

REV.

Non-Skid primer coating for metal ship decks

MANUFACTURERS DATA:
(a)
MANUFACTURER:

(c)

July 2004

USES:
Non-Skid ship deck primer coating

TECHNICAL SERVICE REPRESENTATIVE:

(f)

NOT RECOMMENDED FOR:

(b)

FLASH POINT (ASTM D93):

Mike Winter (504) 371-0014
III.

PROPERTIES:
(a)

%VOL. SOLIDS (ASTM D2697):
100%

(c)

390F (199C)

WT. PER GAL. (FTMS 141, 4184.1):

(d)

11 lbs./gal
(e)

1 year

VISCOSITY (FTMS 141, 4281):

(f)

Medium bodied paint for spray or roll application
(g)

NUMBER OF COMPONENTS:

(h)

2
(i)

SHELF LIFE:
PACKAGING:
2 part pre-measured 5 gal kits in metal pails;
Base Component – 5430A (3 gals)
Hardener Component – 5430B (2 gals)
GLOSS (ASTM D523):
N/A

STORAGE REQUIREMENTS:

TEMP.

Store in a cool (70°F ideal) dry place away from heat or
sunlight. Avoid freezing. (Store between 75°F & 86°F
for minimum of 24 hrs. before application.)

MIN. (Long Term)

MAX. (Long Term)

40°F

90°F

SPECIAL SAFETY PRECAUTIONS:
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING:
Avoid skin and eye contact. If skin contact occurs, wash immediately with plenty of soap and warm water. Keep away from excessive heat and
open flame. Use only with adequate ventilation. See Material Safety Data Sheet (MSDS) for additional safety information.
OTHER PRECAUTIONS:
IV.

SURFACE PREPARATION MINIMUM REQUIREMENTS (USE SPECIFIC STANDARD NUMBER (S):
(a)
INITIAL :
Prior to blasting surface shall be cleaned of all oil, grease or other contaminants.
Abrasive blast to NACE No. 2/SSPC-SP 10 Near White Metal or UHP Water Jet to NACE No. 5/SSPC- SP 12 WJ2L. Areas
inaccessible to blasting should be power tool cleaned to SSPC-SP 11.
(b)

(d)

TOUCH-UP:
Abrasive blast to NACE No. 2/SSPC-SP 10 Near White Metal or UHP Water Jet to NACE No. 5/SSPC- SP 12 WJ2L. Areas
inaccessible to blasting should be power tool cleaned to SSPC-SP 11.
PROFILE (INCLUDE METHOD USED):
MIN.
MAX.
Near White Metal Blast Cleaning
3.0 mil
4.5 mil
Power Tool Cleaned areas
2.0 mil
SPECIAL INSTRUCTIONS:

(e)

PRIMER REQUIREMENTS (IF APPLICABLE):

(c)

Material is self-priming. First coat is considered primer coat.
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V.

MIXING PROCEDURE:
(a)
MIXING RATIO BY WEIGHT (BASE TO HARDENER:

1.4 parts base to 1 part hardener

BY VOLUME (BASE TO HARDENER):

1.5 parts base to 1 part hardener

(b)

INDUCTION TIME:

(c)

RECOMMENDED SOLVENT:

None

CONFINED AREA:

None

NON CONFINED AREAS:

None

None required

CLEAN UP:

Thinner 90-83. Circulate thinner until equipment is free of all paint products.

(d)

THINNING REQUIREMENTS (RATIO):

(e)

POT LIFE:

DO NOT THIN
90

Minutes @

50°

F

45

Minutes @

70°

F

Minutes @

90°

F

30
(f)

SPECIAL INSTRUCTIONS:
Base component is black. Hardener is white. Premix the base component for 1-2 minutes. Pour the entire white Hardener
component into Base component pail. Mix combined components until all streaks have disappeared. Complete mixing of primer
should be achieved in 3 minutes or less. Use a 1 hp or larger drill for mixing. After mixing, the material temperature will rise due
to exothermic reaction. For optimum sprayability, paint temperature at the spray tip should be 90 - 100F. An inline heater may
be needed to obtain this with cooler ambient temperatures.

APPLICATION:
(a)
ENVIRONMENTAL LIMITATIONS:

(b)

DECK TEMP:

MIN.

50°

F

MAX.

120°

F

AMBIENT TEMP:

MIN.

50°

F

MAX.

120°

F

% RELATIVE HUMIDITY:

MIN.

N/A

MAX.

85%

FILM THICKNESS (SSPC PA2-73T):
Spray application coverage = approx. 150sq ft/gal
Expect film shrinkage of less that 2%

(c)

DRY TIMES (ASTMD1650) - RECOAT

TO HANDLE

HEAVY TRAFFIC

Must be 5F
above dew point.

WET MIN.

5 mils

WET MAX.

DRY MIN.

5 mils

DRY MAX

MIN.

3

MIN.

6

MIN.

12

MAX

21

MIN.

3

MIN.

6

MIN.

12

MIN.

24

MIN.

48

MIN.

100

Hrs.
@
Hrs.
@
Hrs.
@
Days
Hrs.
@
Hrs.
@
Hrs.
@
Hrs.
@
Hrs.
@
Hrs.
@

120°

F

50

%RH

73°

F

50

%RH

50°

F

50

%RH

120°

F

50

%RH

73°

F

50

%RH

50°

F

50

%RH

120°

F

73°

F

50°

F

15 mils
15 mils

8

(d)

EQUIPMENT REQUIREMENTS (INCLUDE PREFERRED SUITABLE AND NOT SUITABLE REQUIREMENTS):
Check all boxes to ensure adequate equipment inventory is available.
All equipment must be thoroughly cleaned and in good working order including pressure gauges.
Heavy duty pneumatic or electric mixer with squirrel cage blade.
Portable air compressor rated at a minimum 370 cfm and minimum 100 pi output pressure. Compressor air
supply to pump should be a minimum of 1 inch i.d. hose.
74:1 Ratio or higher Positive Displacement Airless Spray Pump e.g. WIWA Herkules 35075. Pump must maintain
inbound air pressure of minimum 95 psi.
Remove Internal Filter Screen.
Recommend Filtering at the Inlet Pipe in the Paint Supply Bucket, with 20 Mesh or Larger Opening Screen.
Maximum 50 ft of ½” paint line recommended. Paint lines should be rated at 7000 psi. Do not use a whip hose. A
swivel joint may be used to ease application.
Adapter Fittings Necessary to Connect 1/2” Hose to Pump and Spray Guns
Airless spray gun rated to 7000 psi
Tip Size 6- 0.025 to 6– 0.029”. Optimum results have been obtained with a 627 tip.

An in line heater may be required in cooler weather to maintain
proper temperature at the tip.
It is recommended not to pour freshly mixed kits into previously mixed containers.
Note: Alternative equipment to the above referenced single feed airless unit is plural component Graco Xtreme mix 80:1 ratio
pump equipped with heaters.
(e)

SPECIAL INSTRUCTIONS:
Maintaining air supply to pump from compressor is critical. Apply spray using the specified equipment or equivalent. Material
should be sprayed from approximately 18 inches above the substrate. Topcoat may be applied as soon as primer is tack-free and
can be walked on w/o leaving marks. Stripe coating weld beads is to be carried out with primer . The stripe coat may be applied
over the spray coat or before the spray coat is applied. Film thickness specified in Section (b) above is per coat of primer.
Alternative to spraying, the primer can be applied by rolling. IMPORTANT: For pad eye and weld bead brush and roll
application, dispense the mixed primer into small, hand-held containers to extend pot life.
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I.

II.

GENERIC TYPE AND DESCRIPTION:

July 2004
4
DATE:
REV.
Type I-L Non-Skid deck Topcoat coating for steel surface decks

Specification Number (If Applicable):

MIL-PRF-24667A (NAVY)

MANUFACTURERS DATA:
(a)
MANUFACTURER:
Sigma Coatings
1401 Destrehan Avenue
Harvey, LA 70059
(c)
COLOR(S):

(b)

5431 Topcoat for Landing Area
(d)

(f)

USES:
Non-Skid ship deck finish coat for Landing Area for
application over 5430 Primer.
NOT RECOMMENDED FOR:

(b)

FLASH POINT (ASTM D93):

Dark "Navy Gray"
(e)

PRODUCT DESIGNATION:

TECHNICAL SERVICE REPRESENTATIVE:
Mike Winter (504) 371-0014

III.

PROPERTIES:
(a)
%VOL. SOLIDS (ASTM D2697):
100%
(c)

WT. PER GAL. (FTMS 141, 4184.1):

>390F (199C)
(d)

14 lbs./gal
(e)

1 year

VISCOSITY (FTMS 141, 4281):

(f)

NUMBER OF COMPONENTS:

(h)

2
(i)

PACKAGING:
2 part pre-measured 5 gal kits in metal pails;
Base Component – 5431A (3 gals)
Hardener Component – 5431B (2 gals)

Heavy bodied paint for roll application
(g)

SHELF LIFE:

GLOSS (ASTM D523):
N/A

STORAGE REQUIREMENTS:

TEMP.

Store in a cool (70°F ideal) dry place away from heat or
sunlight. Avoid freezing. (Store between 68° & 86°F for
minimum of 24 hrs. before application.)

MIN. (Long Term)

MAX. (Long Term)

40°F

90°F

SPECIAL SAFETY PRECAUTIONS:
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING:

Avoid skin and eye contact. If skin contact occurs wash immediately with plenty of soap and warm water. Keep away from
excessive heat and open flame. Use only with adequate ventilation. See Material Safety Data Sheet (MSDS) for additional
information.
OTHER PRECAUTIONS:
IV.

SURFACE PREPARATION MINIMUM REQUIREMENTS (USE SPECIFIC STANDARD NUMBER (S):
(a)
INITIAL :

(b)

(c)

Blast to Near White NACE 2/SSPC-SP 10 Specifications, or water jet blast to White NACE 5/SSPC 12, WJ2. Apply over
properly cured 5430 Primer coat.
TOUCH-UP:
Blast to near white, NACE 2/SSPC-SP 10, or NACE 5/SSPC-12 (UHP-/WJ-2). Apply over properly cured 5430
Primer coat
PROFILE (INCLUDE METHOD USED):
MIN.
MAX.
Apply over clean, dry primer.

(d)

SPECIAL INSTRUCTIONS:
Topcoat may be applied as soon as Primer Coat has cured to a point such that walking on surface does not mark the surface.

(e)

PRIMER REQUIREMENTS (IF APPLICABLE):
Material is to be applied over properly cured 5430 primer coat.
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V.

MIXING PROCEDURE:
(a)
MIXING RATIO BY WEIGHT (BASE TO HARDENER):

2.07 parts base to 1 part hardener

BY VOLUME (BASE TO HARDENER):

2.03 parts base to 1 part hardener

(b)

INDUCTION TIME:

None

(c)

RECOMMENDED SOLVENT:

None

CONFINED AREA:

None

NON CONFINED AREAS:

None

CLEAN UP:

Thinner 90-83

(d)

THINNING REQUIREMENTS (RATIO):

(e)

POT LIFE:

(f)

DO NOT THIN
20

Min @

90°

F

30

Min @

70°

F

2

Hrs @

41°

F

SPECIAL INSTRUCTIONS:

Base component is black. Hardener is white. Pour the entire white hardener component into Base
component pail. Mix combined components until all streaks have disappeared. Complete mixing of
non-skid should be achieved in 2 minutes or less. Do not over mix. If settling is evident, premix the
hardener for no more than 10 seconds. Use a 1 hp or larger drill for mixing.
APPLICATION:
(a)

(b)

(c)

ENVIRONMENTAL LIMITATIONS:
DECK TEMP:

MIN.

41°

F

MAX.

120°

F

AMBIENT TEMP:

MIN.

41°

F

MAX.

120°

F

% RELATIVE HUMIDITY:

MIN.

N/A

MAX.

90%

FILM THICKNESS (SSPC PA2-73T):
Apply with Napless Roller. Coverage = approx. 20 to
30sq ft / gal
Expect
film shrinkage
of less that
2%
DRY TIMES
(ASTMD1650)
- RECOAT
MIN.

TO HANDLE

FOR IMMERSION (FULL CURE)

(d)

Wet Film
In Valleys:
RIDGE
HEIGHT
3

MIN.

6

MIN.

15

MIN.

3

MIN.

6

MIN.

15

MIN.

48

MIN.

144

MIN.

240

Hrs.
@
Hrs.
@
Hrs.
@
Hrs.
@
Hrs.
@
Hrs.
@
Hrs.
@
Hrs.
@
Hrs.

Must be 5F
above dew
point

MIN. 10 mils

MAX. 25 mils

MIN. 1/4"

MAX. 3/8"

120°

F

50

%RH

73°

F

50

%RH

40°

F

50

%RH

120°

F

50

%RH

73°

F

50

%RH

40°

F

50

%RH

120°

F

73°

F

40°

F

EQUIPMENT REQUIREMENTS (INCLUDE PREFERRED SUITABLE AND NOT SUITABLE REQUIREMENTS):

Apply using Napless Paint rollers. NOTE: Thick walled PVC pipe sections w/ 2"OD will create
higher ridge profile.
(e)

SPECIAL INSTRUCTIONS:

Topcoat may be applied as soon as primer coat is tack-free and can be walked on w/o leaving marks.
Pour ribbon on primed deck surface approx. 6" in width. Roll material slowly in one direction pulling
material toward you with moderate pressure on handle forming ridged pattern in coating with consistent
color in valleys between ridges. Cross roll weld beads 3" to 6" on either side of bead.
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United States Patent
6,632,860
Hansen, et al.
October 14, 2003
Coating with primer and topcoat both containing polysulfide, epoxy resin and rubber toughener
Abstract
A process for coating a solid surface comprises 1) applying onto a solid surface a primer coating prepared from an
amine curing agent, a polysulfide toughening agent, an epoxy resin, a rubber toughening agent, a fire retardant, a
glass fiber thixotrope, and a pigment; and 2) applying onto the primer coating a topcoat prepared from an amine
curing agent, a polysulfide toughening agent, an epoxy resin, a rubber toughening agent, a fire retardant, a glass
fiber thixotrope, a pigment and an abrasive aggregate.
Inventors:
Assignee:
Appl. No.:
Filed:

Hansen; George P. (Austin, TX), Rushing; Rock A. (Spicewood, TX), Bulluck; John Werner
(Spicewood, TX), Lightfoot; Joshua B. (Austin, TX), Rix; Brad A. (Spicewood, TX)
Texas Research International, Inc. (Austin, TX)
09/939,204
August 24, 2001

Current U.S. Class:
523/435 ; 427/214; 427/257; 427/410
Field of Search:
523/467,435 427/214,410,257
References Cited [Referenced By]
U.S. Patent Documents
3962168
June 1976
4205109
May 1980
4292213
September 1981
4708978
November 1987
4744725
May 1988
4760103
July 1988
4774278
September 1988
4859522
August 1989
4961973
October 1990
5077137
December 1991
5084521
January 1992
5094902
March 1992
5110657
May 1992
5124178
June 1992
5367024
November 1994
5395673
March 1995
5431960
July 1995
5445670
August 1995
5494729
February 1996
5561173
October 1996
5660624
August 1997
5686507
November 1997
5989328
November 1999
5990234
November 1999
6248204
June 2001
Foreign Patent Documents
1057849
57-131263
5-202348
8-188740
11-71535
2000-345101

Jan., 1992
Aug., 1982
Aug., 1993
Jul., 1996
Mar., 1999
Dec., 2000

Edwards
France et al.
Elliott et al.
Rodgers
Matarese et al.
Kraft et al.
Yoshioka et al.
Cambon
Molnar
Molnar
White
Haenggi et al.
Ainslie
Haenggi et al.
Neckermann
Hunt
Watts
Each et al.
Henry et al.
Dry
Dry
Hermele et al.
Stahovic et al.
Stahovic et al.
Schuft

CN
JP
JP
JP
JP
JP
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Primary Examiner: Sellers; Robert E. L.
Attorney, Agent or Firm: O'Keefe, Egan & Peterman, LLP
Government Interests

Subject to rights of the assignee afforded under a Small Business Innovation Research program, the U. S.
Government has a paid-up license in this invention and the right in limited circumstances to require the patent owner
to license others on reasonable terms as provided for by the terms of contract number N00024-00-C-4080 awarded
by the Department of the Navy.
Claims

What is claimed is:
1. A process useful for providing a coating for a solid surface, comprising: applying a primer onto the solid surface
to form a primer coating, wherein the primer is prepared from an amine curing agent, a polysulfide toughening
agent, an epoxy resin, a rubber toughening agent, a fire retardant, a glass fiber thixotrope, and a pigment; applying a
topcoat onto the primer coating, wherein the topcoat is prepared from an amine curing agent, a polysulfide
toughening agent, an epoxy resin, a rubber toughening agent, a fire retardant, a glass fiber thixotrope, pigment, and
an abrasive aggregate.
2. The process of claim 1 wherein the topcoat is also prepared from an ultraviolet light stabilizer.
3. The process of claim 1 wherein the primer is also prepared from a corrosion inhibitor.
4. The process of claim 1 wherein the primer is also prepared from a moisture penetration inhibitor.
5. The process of claim 1, wherein the topcoat is applied in a manner such that a plurality of ridges are formed by
the topcoat.
6. The process of claim 1, wherein the surface is a deck of a ship.
7. The process of claim 1, wherein the surface is a metal surface.
8. The process of claim 1, wherein the surface is a deck of an aircraft carrier.
9. The process of claim 1, wherein the surface is on an oil well drilling platform.
10. The process of claim 1, wherein the topcoat is applied by rolling, trowelling, raking, or spraying.
11. The process of claim 1, wherein the glass fiber has average fiber diameter of about 0.2 to about 5 microns and a
surface area as measured by BET of about 0.01 to about 25 meters squared per gram.
12. The process of claim 1, wherein the primer is prepared from about 20 to about 60 percent of the amine curing
agent.
13. The process of claim 1, wherein the primer is prepared from about 10 to about 30 percent of the polysulfide
toughening agent.
14. The process of claim 1, wherein the primer is prepared from about 0.01 to about 15 percent based on the total
weight of the primer of an corrosion inhibitor.
15. The process of claim 1, wherein the primer is prepared from about 0.01 to about 10 percent based on the total
weight of the primer of the glass fiber.
16. The process of claim 1, wherein the primer is also prepared from about 0.01 to about 3 percent based on the total
weight of the primer of a moisture penetration inhibitor.
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17. The process of claim 1, wherein the primer is prepared from about 5 to about 35 percent based on the total
weight of the primer of the fire retardant.
18. The process of claim 1, wherein the primer is prepared from about 20 to about 90 percent based on the total
weight of the primer of the epoxy resin.
19. The process of claim 1, wherein the primer is prepared from about 5 to about 40 percent based on the total
weight of the primer of the rubber toughening agent.
20. The process of claim 1, wherein the primer is prepared from about 0.01 to about 30 percent based on the total
weight of the primer of the pigment.
21. The process of claim 1, wherein the topcoat is prepared from about 10 to about 50 percent based on the total
weight of the topcoat of the amine curing agent.
22. The process of claim 1, wherein the topcoat is prepared from about 0.01 to about 10 percent based on the total
weight of the topcoat of the polysulfide toughening agent.
23. The process of claim 1, wherein the topcoat is prepared from about 0.01 to about 30 percent based on the total
weight of the topcoat of the pigment.
24. The process of claim 1, wherein the topcoat is prepared from about 0.01 to about 45 percent based on the total
weight of the topcoat of the abrasive aggregate.
25. The process of claim 1, wherein the topcoat is prepared from about 0.01 to about 10 percent of the glass fiber.
26. The process of claim 1, wherein the topcoat is prepared from about 0.01 to about 20 percent of the fire retardant.
27. The process of claim 1, wherein the topcoat is prepared from about 10 to about 45 percent based on the total
weight of the topcoat of the epoxy resin.
28. The process of claim 1, wherein the topcoat is prepared from about 4 to about 20 percent based on the total
weight of the topcoat of the rubber toughening agent.
29. The process of claim 1, wherein the topcoat is prepared from about 0.01 to about 10 percent based on the total
weight of the topcoat of an ultraviolet light stabilizer.
30. The process of claim 1, wherein the primer is also prepared from a moisture penetration inhibitor.
31. The process of claim 1, wherein the abrasive aggregate is comprised of a mixture of aluminum powder and
aluminum pellets.
32. The process of claim 1, wherein the primer and topcoat are substantially free of solvents.
Description

BACKGROUND OF INVENTION
This invention pertains to an epoxy useful, for example, as a coating for aircraft carrier decks.
It is important that many surfaces are made of a non-skid coating. For instance, it is desirable that the deck of an
aircraft carrier be made of a non-skid surface. It is also desirable that such surfaces be durable. This is particularly
true for the portion of the deck where the aircraft take off and land, which is exposed to severe wear. Currently, the
aircraft decks are made using solvent-based epoxy coatings, which are applied so as to form ridges.
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The present inventors have recognized, however, that there exists a need for a more durable coating, and a coating
made without solvents. The present inventors have also recognized that a coating lacking volatile solvents would be
desirable so as to avoid use of solvents that can be hazardous, and which must be evaporated off to provide the final
coating.
SUMMARY OF INVENTION
This invention solves one or more of the problems and disadvantages described above.
In one broad respect, this invention is a process useful for providing a coating for a solid surface, comprising:
applying a primer onto the solid surface to form a primer coating, wherein the primer is prepared from an amine
curing agent, a polysulfide toughening agent, an epoxy resin, a rubber toughening agent, a fire retardant, a glass
fiber thixotrope, and a pigment; applying a topcoat onto the primer coating, wherein the topcoat is prepared from an
amine curing agent, a polysulfide toughening agent, an epoxy resin, a rubber toughening agent, a fire retardant, a
glass fiber thixotrope, a pigment, and an abrasive aggregate. As used herein, "coating" may refer to either the
primer, the topcoat, a generic mixture formed from the components described herein, or combinations thereof.
In general, a coating of this invention may be prepared from (formulated from), independently in each occurrence,
about 20 to about 60 percent of the amine curing agent; about 0.01 to about 30 percent of the polysulfide toughening
agent; about 0.01 to about 15 percent based on the total weight of the coating of the corrosion inhibitor; about 0.01
to about 10 percent based on the total weight of the coating of the glass fiber; about 0.01 to about 3 percent based on
the total weight of the coating of an moisture penetration inhibitor; about 0.01 to about 35 percent based on the total
weight of the coating of the fire retardant; about 10 to about 90 percent based on the total weight of the coating of
the epoxy resin; 4 to about 40 percent based on the total weight of the coating of the rubber toughening agent; about
0.01 to about 30 percent based on the total weight of the coating of the pigment about 0.01 to about 10 percent based
on the total weight of the coating of the ultraviolet light stabilizer; and/or about 0.01 to about 45 percent based on
the total weight of the coating of the abrasive aggregate.
In one broad respect, this invention is a process useful for providing a coating for a solid surface, comprising:
applying a primer onto the solid surface to form a primer coating on the surface, wherein the primer is prepared from
a first amine side which comprises a mixture of an amine curing agent, a toughening agent, at least one corrosion
inhibitor, a moisture penetration inhibitor, a fire retardant, and a glass fiber thixotrope a first epoxy side which
comprises a mixture of: an epoxy resin, a toughening agent, at least one corrosion inhibitor, a moisture penetration
inhibitor, a darkening pigment, and a glass fiber thixotrope applying a topcoat onto the primer coating, wherein the
topcoat is prepared from a second amine side which comprises a mixture of: an amine curing agent, a toughening
agent, an ultraviolet light absorber and stabilizer, a fire retardant, an infrared light reflecting pigment, a glass fiber
thixotrope and impact toughening agent, and an abrasive aggregate, and a second epoxy side which comprises a
mixture of: an epoxy resin, a toughening agent, a glass fiber thixotrope and impact toughening agent, an ultraviolet
light absorber and stabilizer, and an abrasive aggregate.
In one embodiment, the first amine side comprises about 40 to about 60 percent of the amine curing agent, about 10
to about 30 percent of the toughening agent, about 0.01 to about 6 percent of at least one corrosion inhibitor, about
0.01 to about 5 percent of the glass fiber, about 0.01 to about 3 percent of the moisture penetration inhibitor, and/or
about 10 to about 35 percent of the fire retardant.
In one embodiment, the first epoxy side comprises about 50 to about 90 percent of the epoxy resin, about 10 to about
40 percent of the toughening agent, about 0.01 to about 6 percent of the corrosion inhibitor, about 0.01 to about 15
percent of the pigment, and/or about 0.01 to about 2 percent of the glass fiber.
In one embodiment, the second amine comprises about 25 to about 50 percent of the amine curing agent, about 0.01
to about 10 percent of the toughening agent, about 0.01 to about 6 percent of the corrosion inhibitor, about 15 to
about 25 percent of the pigment, about 0.01 to about 45 percent of the abrasive aggregate, about 0.01 to about-5
percent of the glass fiber, and/or about 5 to about 15 percent of the fire retardant.
In one embodiment, the second epoxy side comprises about 20 to about 45 percent of the epoxy resin, about 8 to
about 20 percent of the toughening agent, about 0.01 to about 6 percent of the corrosion inhibitor, about 0.01 to
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about 10 percent of the ultraviolet light stabilizer, about 0.01 to about 15 percent of the pigment, and/or about 0.01
to about 5 percent of the glass fiber.
In another broad respect, this invention is an epoxy topcoat comprising a cured mixture that is formulated from an
epoxy resin, a polysulfide toughening agent, optionally, an ultraviolet light stabilizer, a pigment, a glass fiber
thixotrope, an abrasive aggregate, a fire retardant, an amine curing agent, and a rubber toughening agent.
In another broad respect, this invention is an epoxy primer comprising a cured mixture that is made from an amine
curing agent, a polysulfide toughening agent, a fire retardant, a glass fiber thixotrope an epoxy resin, a rubber
toughening agent, a pigment, optionally, a corrosion inhibitor, and optionally, a moisture penetration inhibitor.
In another broad respect, this invention is a process useful for providing a coating for a solid surface, comprising:
applying a coating onto the solid surface, wherein the coating is prepared from an amine side which comprises a
mixture of: an amine curing agent, a polysulfide toughening agent; and an epoxy side which comprises a mixture of:
an epoxy resin, a rubber toughening agent, and wherein the coating is also prepared from a fire retardant, a glass
fiber thixotrope, a pigment, and an abrasive aggregate, and wherein the surface may be primed or un-primed prior to
application of the topcoat.
The primer is used to promote adhesion of the non-skid topcoat and to inhibit corrosion of a metal substrate to which
the primer may be applied. Either or both of the primer sides may include an ultraviolet light absorber and stabilizer.
In one embodiment, the second amine side or the second epoxy side or both may include a pigment, such as a
darkening pigment. In one embodiment the epoxy side and amine side include different pigments (e.g., one is white
and one is black) to assist the user in achieving adequate mixing of the two sides.
In one embodiment, the topcoat is applied in a manner such that a plurality of ridges are formed by the topcoat such
as by rolling, trowelling, raking or spraying. The rolling can be through use of a phenolic napless roller of a design
such that upon application, ridges and valleys are formed to supply additional slip resistance. For many applications,
the topcoat may be applied using one gallon of topcoat for every 20-30 square feet of surface to be coated. The
topcoat may be applied to the primer as soon as the primer is cured to a tack free state. Typically, the topcoat is tack
free within 1 to 48 hours after being applied, depending on temperature and other conditions. In general, hotter
ambient temperatures lead to shorter tack free times.
In another broad respect, this invention is a method of manufacturing an epoxy side and an amine side for use in the
formation of a coating, comprising: forming a mixture of an amine side from an amine curing agent and a
polysulfide toughening agent, forming a mixture of an epoxy side from an epoxy resin and a rubber toughening
agent, wherein the amine side is also formed from a fire retardant, a glass fiber thixotrope, a pigment, an abrasive
aggregate, a moisture penetration inhibitor, an ultraviolet light stabilizer, or combination thereof, and wherein the
epoxy side is also formed from a fire retardant, a glass fiber thixotrope, a pigment, an abrasive aggregate, a moisture
penetration inhibitor, an ultraviolet light stabilizer, or combination thereof.
In another broad respect, this invention is a process useful for providing a coating for a solid surface, comprising:
applying a coating onto the solid surface, wherein the coating is prepared from (a) an amine curing agent, (b) a
polysulfide toughening agent, (c) an epoxy resin, (d) a rubber toughening agent, and (e) a fire retardant, a glass fiber
thixotrope, a pigment, a corrosion inhibitor, a moisture penetration inhibitor, an ultraviolet light stabilizer, an
abrasive aggregate, or a combination thereof.
The surfaces to be coated may include metal surfaces such as but not limited to the deck of a ship, including the
deck of an aircraft carrier, the surface of an oil well drilling platform, and other industrial or utility thoroughfares.
The composition may include at least one moisture penetration inhibitor in the first amine side and at least one
moisture penetration inhibitor in the first epoxy side. In one embodiment, the primer is white and the epoxy side is
black (or vice versa) so that when mixed, a gray color is created. This is advantageous for purposes of handling,
mixing, and application of the materials.
In one aspect, the toughening agent may be a rubber toughening agent or a polysulfide toughening agent.
In one respect, the abrasive aggregate is comprised of a mixture of coarse aluminum powder and aluminum pellets.
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In another respect, this invention is a coating composite formed by application of a topcoat layer to a primer layer.
The topcoat and primer may be made from the epoxy and amine sides described herein. The laminate can thus be
described as a composition comprising a topcoat layer adhered or bonded to a primer layer.
In another broad respect, this invention is a process useful for making a non-skid coating kit, comprising a first
amine side and first epoxy side of a primer and a second amine side and a second epoxy side of a topcoat, wherein
the process comprises: (a) combining an amine curing agent, a toughening agent, a corrosion inhibitor, and fire
retardant to form the first amine side; adding the first amine side to a first container and then sealing the container;
(b) combining an epoxy resin, a toughening agent, a corrosion inhibitor, an ultraviolet light stabilizer, a pigment, and
a thixotrope glass fiber reinforcing agent to form the first epoxy side; adding the first epoxy side to a second
container and then sealing the container; (c) combining an amine curing agent, a rubber toughening agent, a
corrosion inhibitor, an ultraviolet light reflector, a fire retardant, a thixotrope glass fiber reinforcing agent to form
the second amine side to a container and then sealing the container; and (d) combining an epoxy resin, a toughening
agent, a pigment, a thixotrope glass fiber reinforcing agent, an ultraviolet light absorber and stabilizer, and an
aggregate to form the second epoxy side; adding the second epoxy side to a second container and then sealing the
container.
This invention thus provides a coating useful for applications such as but not limited to the deck of an aircraft
carrier. Advantageously, the coating may be made from 100% solids components obtained from a supplier without
further dilution, i.e., without the addition of volatile solvents. As used herein, a solvent such as water or an organic
compound refers to materials that dissolves the epoxy resin and/or amine starting materials, and which evaporates
from the coating upon application and/or exposure to an open environment (such as to air). Representative examples
of such volatile organic solvents that may be advantageously absent from the components used to make the final
coating include low molecular weight halogenated hydrocarbons such as chloroform and carbon tetrachloride,
hydrocarbons, alcohols, ketones, ethers, glycol ethers, and so forth. In the practice of this invention, the starting
materials and final cured coating are substantially free of solvents, containing at most only minor amounts of such
solvents and no more than about 40 percent of the component weight. Advantageously, the coating has excellent
durability and has improved durability relative to the solvent-based coatings currently in use.
The type of substrates and surfaces on which the coating of this invention may be used vary widely. For example,
the type of surfaces that can be treated with the coating of this invention includes glass, ceramics, metals, and
plastics. Typically, the surface is metal.
DETAILED DESCRIPTION OF THE INVENTION
The final cured coating of this invention has a thickness which can vary widely depending on the end use. In
general, the coating has a thickness of from about 0.1 cm to about 2 cm, though thicknesses above and below these
thicknesses are anticipated.
The epoxy resin used in the practice of this invention may vary and includes conventional, commercially available
epoxy resins. Two or more epoxy resins may be employed in combination. In general, the epoxy resins can be
glycidated resins, cycloaliphhatic resins, epoxidized oils, and so forth. The glycidated resins are frequently the
reaction product of a glycidyl ether, such as epichlorohydrin, and a bisphenol compound such as bisphenol A.
C.sub.4 -C.sub.28 alkyl glycidyl ethers; C.sub.2 -C.sub.28 alkyl-and alkenyl-glycidyl esters; C.sub.1 -C.sub.28
alkyl-, mono- and poly-phenol glycidyl ethers; polyglycidyl ethers of pyrocatechol, resorcinol, hydroquinone, 4,4'dihydroxydiphenyl methane (or bisphenol F), 4,4'-dihydroxy-3,3'-dimethyldiphenyl methane, 4,4'dihydroxydiphenyl dimethyl methane (or bisphenol A), 4,4'-dihydroxydiphenyl methyl methane, 4,4'dihydroxydiphenyl cyclohexane, 4,4'-dihydroxy-3,3'-dimethyldiphenyl propane, 4,4'-dihydroxydiphenyl suflone,
and tris (4-hydroxyphynyl)methane; polyglycidyl ethers of the chlorination and bromination products of the abovementioned diphenols; polyglycidyl ethers of novolacs; polyglycidyl ethers of diphenols obtained by esterifying
ethers of diphenols obtained by esterifying salts of an aromatic hydrocarboxylic acid with a dihaloalkane or
dihalogen dialkyl ether; polyglycidyl ethers of polyphenols obtained by condensing phenols and long-chain halogen
paraffins containing at least two halogen atoms; N,N'-diglycidyl-aniline; N,N'-dimethyl-N,N'-diglycidyl-4,4'diaminodiphenyl methane; N,N,N',N'-tetraglycidyl-4,4'-diaminodiphenyl methane; N,N'-diglycidyl-4-aminophenyl
glycidyl ether; N,N,N',N'-tetraglycidyl-1,3-propylene bis-4-aminobenzoate; phenol novolac epoxy resin; cresol
novolac epoxy resin; and combinations thereof. Representative non-limiting examples of epoxy resins useful in this
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invention include bis-4,4'-(1-methylethylidene) phenol diglycidyl ether and (chloromethyl) oxirane Bisphenol A
diglycidyl ether. Commercially available epoxy resins that can be used in the practice of this invention include but
are not limited to arildite GY6010 and Epon 828. The epoxy resin can be used in any amount effective to form a
coating of this invention. In general, the amount of epoxy resin used in the first epoxy side for the primer is from
about 50 to about 90 percent by weight, and from about 20 to about 45 percent in the second epoxy side for topcoat.
The epoxy resin is thinner than the type of resin used to make solvent-based epoxy coatings. Typically, the epoxy
resin has a viscosity of from about 11,000 to about 14,000.
The toughening agent used in the practice of this invention provides toughening and durability characteristics to the
coating. By toughening it is meant that the material has imparted to it a greater impact strength. The toughening
agent may be selected from conventional toughening agents such as rubber toughening agents and polysulfide
toughening agents. The toughening agent can vary. The polysulfide toughening agent may be an epoxy terminated
polysulfide polymer. One representative formula for such materials is: ##STR1##
where n may be from 1 to 1,000. It is believed that the polysulfide toughening agent reacts during the epoxy curing
to the amine function of the curing agent. Such compounds are well known, and are currently available
commercially under the tradename ELP-3, sold by Rohm & Haas. The polysulfide toughening agent is epoxy
terminated and can react with the amine curing agent, but is stable in the epoxy resin. A toughening agent functions
to improve impact resistance. Toughening agents function by forming a secondary phase within the polymer matrix.
This secondary phase is rubbery and hence is capable of crack growth arrestment. This crack arresting function
provides improved impact toughness.
A representative example of a rubber toughening agents includes amine-terminated butadiene nitrile (ATBN) and
carboxy-terminated butadiene nitrile (CTBN). ATBN is amine terminated so that it can react with the epoxy
functionality and is stable upon mixture with an amine curing agent. A representative example of a polysulfide
toughening agent is an epoxy- terminated polysulfide toughening agent. The ability of ATBN or the polysulfide
toughening agent to react with their resin complements allows for good chemical bonding between separate phases
(rubber and resin).
The abrasive aggregate may be selected from a wide variety of materials. The abrasives are employed in amounts
effective to-provide additional anti-skid properties to the coating. Representative examples of such abrasives include
metals such as aluminum, pumice, garnet, silica, ceramic fibers or whiskers such as of magnesium oxide, aluminum
nitride, boron nitride, zinc oxide, aluminum oxide, quartz, polymer, rubber, and combinations thereof. The aggregate
is employed in a wide range of amounts. In general, the aggregate is used in an amount of from about 20 to about 50
percent by weight of the second amine side, and from about 25 to about 60 percent of second epoxy side. The
aggregate serves to provide filler material and an abrasive surface.
The coating of this invention includes a glass fiber, which provides both thixotropic rheology modification as well
as an impact toughening agent. Such glass fibers include those having an average fiber diameter of about 0.2 to
about 5 microns and a surface area as measured by BET of about 0.01 to about 25 meters squared per gram (m.sup.2
/g). In one embodiment, the BET is about 0.3 to about 6.25 m.sup.2 /g. In the first amine side, the amount of glass
fiber may be from about 0.01 to about 5 percent; from about 0.01 to about 2 percent for the first epoxy side; from
about 0.01 to about 5 percent for the second amine side, and from about 0.01 to about 5 percent for the second epoxy
side.
For the primers, one or more corrosion inhibitors may be included. These serve to reduce the amount of corrosion of
a metal substrate at the primer/surface interface. A wide variety of such corrosion inhibitors may be used.
Representative examples of such corrosion inhibitors include zinc-based inhibitors such as zinc phosphate, zinc-5nitro-isophthalate, zinc molybdate, and zinc oxide and hydrophobic, moisture penetration inhibitors such as
hydrophobic, amorphous fumed silica. These may be used in any amount effective to provide corrosion inhibition.
In the practice of this invention, a UV light stabilizer may be included. This serves to protect the cured coating from
the harmful effects of UV light. Representative examples of such stabilizers include sterically hindered piperidine
derivatives including an alkyl substituted hydroxy piperidines such as dimethyl sebacate, methyl-1,2,2,6,6pentamethyl-4-piperidinyl sebacate, bis (1,2,2,6,6-pentamethyl-4-piperidinyl) sebacate, and 1,2,2,6,6-pentamethyl4-piperidinol. This may be used in any amount effective to provide UV stabilization.
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The coating can include one or more pigments to provide any desired color. The pigments can vary, depending on
the desired color of the final coating. For example, if a gray coating is desired, white and black pigments can be
used. If a yellow coating is desired, then yellow pigments can be employed, and so on. A representative example of
a darkening pigment is black iron oxide. Black iron oxide also has the desirable property of being infrared
transparent and thus may serve as an IR transparent darkening agent. This is beneficial because infrared absorption
by the coating causes the surface temperature to rise, which is undesirable. Likewise, an IR reflector may be
included in the coatings of this invention. One such IR reflector is titanium dioxide, which may also serve as a
pigment. By reflecting IR light, the coating is less prone to becoming heated in sunlight.
Various fire retardants may be used in the practice of this invention. Common fire retardants include an alumina
such as alumina trihydrate, magnesium hydroxide, bismuth oxide, zinc borate, potassium tripolyphosphate, and
antimony oxide. Combinations of these fire retardants can be employed, such as magnesium hydroxide with alumna
trihydrate, and zinc borate with magnesium hydroxide and/or alumna trihydrate. Fire retardants that are not a known
carcinogens are preferred in the practice of this invention. In general, the fire retardants may be employed in an
amount of from about 5 to about 40 percent by weight based on the total weight of a given formulation.
On the amine side of the primer and topcoat, an amine curing agent is employed. Various polyamines can be used
for this purpose, including aliphatic and aromatic amines, cycloaliphatic amines, a Lewis base or a Mannich base.
For example, the aliphatic amine and cycloaliphatic amines may be alkylene diamines such as ethylene diamine,
propylene diamine, 1,4-diaminobutane, .1,3-diaminopentane, 1,6-diaminohexane, 2,5-diamino-2,5-dimethylhexane,
2,2,4-trimethyl- 1 ,6-diaminohexane, 1, 11 -diaminoundecane, 1, 1 2-diaminododecane, 1,3- or 1,4-cyclohexame
diamine, 1 -amino-3,3,5-trimethyl-5-amininomethyl-cyclohexane, 2,4- or 2,6-hexahydrotolvylene diamene 2,4'- or
4,4'-diaminodicyclohexyl methane, 3,3'-dialkyl-4,4'-diamino-dicyclohexyl methane isophoronediamine,
trimethylhexamethylene diamine, triethylene diamine, piperazine-n-ethylamine, polyoxyalkylene diamines made
from propylene oxide and/or ethylene oxide. Commercially available amine curing agents may sometimes include
residual amounts of solvents such as benzyl alcohol used in the manufacture of the compounds. The aromatic
polyamines may include 2,4- or 2,6-diaminotoluene and 2,4'- or 4,4'-diaminodiphenyl methane. Mixtures of amine
curing agents may be employed. The amount of amine curing agent may vary depending on the amount of epoxy
resin to be cured. In general, the amount of amine curing agent employed is so that the volumetric ratio of an amine
side to an epoxy side is from about 30:70 to about 70:30, with a weight ratio of from about 1:15 to 15:1 being most
typical. Typically, the mole ratio of amine curing agent to the epoxy resin is in the range from about 0.25 to about
2.5, and in one embodiment is about 1:1.
The following examples are illustrative of this invention and are not intended to be limiting as to the scope of the
invention or claims hereto. Unless otherwise denoted all percentages are by weight of the total part (i.e., the primer
epoxy or topcoat amine and so forth).
EXAMPLE 1
A primer and topcoat were prepared containing the components and respective amounts shown in Tables 1a and 1b.
Each of the sides was thoroughly mixed prior to application onto a metal surface. The components were mixed using
low shear (1000 RPM), and when all the components have been added, the speed was increased to 2000-2500 RPM.
In the table, the Lauscha Fiber International B-1 5-F (a thixotrope glass fiber reinforcing agent) has a BET of 1.08
square meters per gram, and a nominal diameter of-1.48 microns.
TABLE 1a Primer Composition Amine Side Epoxy Side Weight Weight Supplier/Tradename/ Component Percent
Supplier/Tradename/ Component Percent Vantico Hardner Amine Curing Agent 49.0 Vantico Epoxy Resin 69.4 HY
2963 Cyclohexanemethanamine, 5- Araldyte GY6010 Phenol, 4,4'-(1-methylethylidene)bis-, amino-1,3,3-trimethylpolymer with (chloromethyl)oxirane Isophoronediamine Bisphenol A Diglycidyl Ether Polymer Bisphenol A B. F.
Goodrich Rubber Toughening Agent 17.0 Rohm & Haas Polysulfide Toughening Agent 23.5 Hycar 1300X16
ATBN ELP-3 Epoxy terminated polysulfide Aminoethyl piperazine Sherwin-Williams Corrosion Inhibiter 1.4
Sherwin-Williams Corrosion Inhibiter 0.6 MolyWhite 101 Zinc Molybdate MolyWhite 101 Zinc Molybdate Zinc
Oxide Zinc Oxide Alcan Chemicals Fire Retardant 11.2 Rockwood Industries Corrosion Inhibitor 0.3 Alumina
Trihydrate Al.sub.2 O.sub.3.3H.sub.2 O Phos Plus Zn.sub.3 (PO.sub.4).sub.2 -2, -4 H.sub.2 O Mixture H-10 Laurel
Industries Inc. Fire Retardant 20.6 Heucotech Corrosion Inhibitor 0.03 Fireshield .RTM. Sb.sub.2 O.sub.3 Heucorin
RZ Zinc-5-Nitro-Iso Phthalate Degussa Hydrophobic Moisture 0.9 Degussa Hydrophobic Moisture Penetration 0.5
Aerosil 812 Penetration Inhibitor Aerosil 812 Inhibitor Amorphous Fumed Silica Amorphous Fumed Silica Ferro
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UV Light Stabilizer 2.0 UV 55-07051 Bis(1,2,2,6,6-Pentamethyl-4- Piperidinyl)Sebacate LaPorte Darkening
Pigment 1.2 Black Iron Oxide Fe.sub.3 O.sub.4 Lauscha Fiber Thixotrope 1.4 Internat. Glass Fiber Reinforcing
Agent B-15-F Total 100.1 98.93
TABLE 1b Top-Coat Composition Amine Side Epoxy Side Weight Weight Supplier/Tradename Component
Percent Component Supplier/Tradename Percent Air Products Amine Curing Agent 39.5 Vantico Epoxy Resin 48.4
Ancamime 2074 Isophoronediamine Araldyte GY6010 Phenol, 4,4'-(1- Trimethylhexamethylenediamine
methylethylidene)bis-, polymer with (chloromethyl)oxirane Bisphenol A Diglycidyl Ether Polymer B. F. Goodrich
Rubber Toughening Agent 3.9 Rohm & Haas Polysulfide Toughening Agent 16.1 Hycar 1300X16 ATBN ELP-3
Epoxy terminated polysulfide Aminoethyl piperazine Ribelin Sales Corrosion Inhibitor; UV Reflector 7.9 LaPorte
Darkening Pigment 4.8 Zinc Oxide (Grade ZnO Black Iron Oxide Fe.sub.3 O.sub.4 210) Alcan Chemicals Fire
Retardant 4.7 Lauscha Fiber Internat. Thixotrope 1.9 Alumina Trihydrate Al.sub.2 O.sub.3.3H.sub.2 O B-15-F Glass
Fiber Reinforcing Agent H-10 Laurel Industries Fire Retardant 4.7 Ferro UV Light Stabilizer 2.0 Inc. Sb.sub.2
O.sub.3 UV 55-07051 Bis(1,2,2,6,6-Pentamethyl-4- Fireshield .RTM. Piperidinyl)Sebacate Kronos Pigment 11.8
Atlantic Equipment Eng. Aggregate 25.8 Titanium Dioxide Aluminum Powder Aluminum P25 Lauscha Fiber
Thixotrope 1.6 Internal. Glass Fiber Reinforcing Agent B-15-F Atlantic Equipment Aggregate 26.1 Eng. Aluminum
Aluminum Powder Total 100.2 99
Thus, the first amine side and first epoxy side were combined and mixed, then applied to a metal surface using a
phenolic napless roller to thereby form a primed surface. After the primer has cured to a tack free state, the second
amine side and the second epoxy side are mixed and applied to the primed surface using a phenolic napless roller.
The surface can be cleaned prior to application of the primer. The rheology of the topcoat allows for the formation
of the ridges and valleys which supplies additional slip resistance. The resulting coating was approximately 1-10mm
thick (1-2 mm of primer). The coating exhibited excellent durability when subjected to a standard impact test. The
coating showed surprisingly little wear due to the impact. The impact test, conducted according to MIL-PRF24667A (Navy), consists of dropping a 907 gram steel ball from a height of 244cm onto the coated steel surface onto
a coated steel plate in a 5 by 5 array consisting of 25 impacts. Impact resistance is scored by counting the number of
adjacent impact points where coating has been removed, mutiplying this number by 2.5 percentage points and
subtracting this from 100. A minimum score of 95% is expected for acceptable material according to MIL-PRF24667A (Navy). The coatings described herein typical score 100 in this test.
EXAMPLE 2
The procedures of Example 1 were repeated except that the primer and topcoat of Tables 2a and 2b were employed.
In this example, antimony oxide and zinc oxide were removed from the coating of Tables 1 a and 1-b, with alumina
trihydrate and titanium dioxide being used instead. Also, the zinc corrosion inhibitors were used in the primer amine
side and some of the glass fiber was moved from the primer epoxy side to the primer amine side. Likewise, the
amounts of zinc corrosion inhibitor and black iron oxide were increased in the primer epoxy side.
TABLE 2a Primer Composition Amine Side Epoxy Side Weight Weight Supplier/Tradename Component Percent
Supplier/Tradename Component Percent Vantico Hardner Amine Curing Agent 49.0 Vantico Epoxy Resin 69.4 HY
2963 Cyclohexanemethanamine, Araldyte GY6010 Phenol, 4,4'-(1- 5-amino-1,3,3-trimethyl- methylethylidene)bis-,
polymer with Isophoronediamine (chloromethyl)oxirane Bisphenol A Bisphenol A Diglycidyl Ether Polymer B. F.
Goodrich Rubber Toughening Agent 17.0 Rohm & Haas Polysulfide Toughening Agent 23.5 Hycar 1300X16
ATBN ELP-3 Epoxy terminated polysulfide Aminoethyl piperazine Sherwin-Williams Corrosion Inhibiter 2.24
Sherwin-Williams Corrosion Inhibiter 0.6 MolyWhite 101 Zinc Molybdate MolyWhite 101 Zinc Molybdate Zinc
Oxide Zinc Oxide Alcan Chemicals Fire Retardant 31.8 Rockwood Industries Corrosion Inhibitor 0.7 Alumina
Trihydrate Al.sub.2 O.sub.3.3H.sub.2 O Phos Plus Zn.sub.3 (PO.sub.4).sub.2 -2, -4 H.sub.2 O Mixture H-10
Degussa Hydrophobic Moisture 0.9 Heucotech Corrosion Inhibitor 0.03 Aerosil R812 Penetration Inhibitor
Heucorin RZ Zinc-5-Nitro-Iso Phthalate Amorphous Fumed Silica Lauscha Fiber Thixotrope 1.0 Degussa
Hydrophobic Moisture Penetration 0.5 Internat. Glass Fiber Reinforcing Aerosil R812 Inhibitor B-15-F Agent
Amorphous Fumed Silica Ferro UV Light Stabilizer 2.0 UV 55-07051 Bis(1,2,2,6,6-Pentamethyl-4Piperidinyl)Sebacate LaPorte IR Transparent, Darkening Pigment 1.7 Black Iron Oxide Fe.sub.3 O.sub.4 Lauscha
Fiber Thixotrope 0.3 Internat. Glass Fiber Reinforcing Agent B-15-F Total 100.1 98.93
TABLE 2b Top-Coat Composition Amine Side Epoxy Side Weight Weight Supplier/Tradename Component
Percent Supplier/Tradename Component Percent Air Products Amine Curing Agent 39.5 Vantico Epoxy Resin 48.4
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Ancamime 2074 Isophoronediamine Araldyte GY6010 Phenol, 4,4'-(1- Trimethylhexamethylenediamine
methylethylidene)bis-, polymer with (chloromethyl)oxirane Bisphenol A Diglycidyl Ether Polymer B. F. Goodrich
Rubber Toughening Agent 3.9 Rohm & Haas Polysulfide Toughening 16.1 Hycar 1300X16 ATBN ELP-3 Agent
Aminoethyl piperazine Epoxy terminated polysulfide Alcan Chemicals Fire Retardant 9.4 LaPorte IR Transparent
Darkening 4.8 Alumina Trihydrate Al.sub.2 O.sub.3.3H.sub.2 O Black Iron Oxide Pigment H-10 Fe.sub.3 O.sub.4
Kronos -- Titanium Pigment and IR Reflector 19.7 Lauscha Fiber Internat. Thixotrope Glass Fiber 1.9 Dioxide P25
B-15-F Reinforcing Agent Lauscha Fiber Thixotrope 1.6 Ferro UV Light Stabilizer 2.0 Internat. Glass Fiber
Reinforcing UV 55-07051 Bis(1,2,2,6,6- B-15-F Agent Pentamethyl-4- Piperidinyl)Sebacate Atlantic Equipment
Aggregate 26.1 Atlantic Equipment Eng. Aggregate 25.8 Eng. Aluminum Aluminum Powder Aluminum Aluminum
Powder Total 100.2 99
The primer sides and topcoat sides were applied to a clean steel plate substrate according to Example 1. The cured
coating was subjected to the impact test of Example 1. The cured coating showed excellent durability and
surprisingly little wear.
Further modifications and alternative embodiments of this invention will be apparent to those skilled in the art in
view of this description. Accordingly, this description is to be construed as illustrative only and is for the purpose of
teaching those skilled in the art the manner of carrying out the invention. It is to be understood that the forms of the
invention herein shown and described are to be taken as illustrative embodiments. Equivalent elements or materials
may be substituted for those illustrated and described herein, and certain features of the invention may be utilized
independently of the use of other features, all as would be apparent to one skilled in the art after having the benefit
of this description of the invention.
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6,632,860, incorporated herein by reference.
Claims

What is claimed is:

1. An epoxy topcoat comprising a cured mixture that is formulated from an epoxy resin, an epoxide-containing
toughening agent, optionally, an ultraviolet light stabilizer, a pigment, a glass fiber thixotrope and impact
toughening agent, an optional abrasive aggregate, an optional fire retardant, an amine curing agent, and a rubber
toughening agent other than the epoxide-containing toughening agent.

2. The epoxy topcoat of claim 1, wherein the glass fiber has an average fiber diameter of about 0.2 to about 5
microns and a surface area as measured by BET of about 0.01 to about 25 meters squared per gram.

3. The epoxy topcoat of claim 1, wherein the topcoat is formulated with from about 10 to about 50 percent of the
amine curing agent.

4. The epoxy topcoat of claim 1, wherein the topcoat is formulated with from about 0.01 to about 10 percent of the
epoxide-containing toughening agent.

5. The epoxy topcoat of claim 1, wherein the topcoat is formulated with from about 0.01 to about 10 percent of the
ultraviolet light stabilizer.

6. The epoxy topcoat of claim 1, wherein the topcoat is formulated with from about 0.01 to about 45 percent of the
abrasive aggregate.

7. The epoxy topcoat of claim 1, wherein the topcoat is formulated with from about 0.01 to about 10 percent of the
glass fiber.

8. The epoxy topcoat of claim 1, wherein the topcoat is formulated with from about 0.01 to about 20 percent of the
fire retardant.

9. The epoxy topcoat of claim 1, wherein the topcoat is formulated with from about 0.01 to about 30 percent of the
pigment.

10. The epoxy topcoat of claim 1, wherein the topcoat is formulated with from about 20 to about 90 percent of the
epoxy resin.

11. The epoxy topcoat of claim 1, wherein the topcoat is formulated with from about 4 to about 20 percent of the
rubber toughening agent.
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12. The epoxy topcoat of claim 1, wherein the epoxide-containing toughening agent contains sulfur.

13. The epoxy topcoat of claim 1, wherein the epoxide-containing toughening agent is a polysulfide, a polythioether,
or a combination thereof.

14. The epoxy topcoat of claim 1 wherein the rubber toughening agent is an amine-terminated butadiene nitrile, a
carboxy-terminated butadiene nitrile, or combination thereof.

15. The epoxy topcoat of claim 1, wherein the glass fiber has an average fiber diameter of about 0.2 to about 5
microns and a surface area as measured by BET of about 0.01 to about 25 meters squared per gram; wherein the
topcoat is formulated from about 10 to about 50 percent of the amine curing agent; wherein the topcoat is formulated
from about 0.01 to about 10 percent of the epoxide-containing toughening agent; wherein the topcoat is formulated
from about 0.01 to about 10 percent of the ultraviolet light stabilizer; wherein the topcoat is formulated from about
0.01 to about 10 percent of the glass fiber; wherein the topcoat is formulated from about 20 to about 90 percent of
the epoxy resin; wherein the topcoat is formulated from about 4 to about 20 percent of the rubber toughening agent;
and wherein the epoxide-containing toughening agent is a polysulfide, a polythioether, or a combination thereof.

16. An epoxy coating formulated from (a) an amine curing agent, (b) an epoxide-containing toughening agent, (c) an
epoxy resin, (d) a rubber toughening agent other than the epoxide-containing toughening agent, and (e) an optional
fire retardant, an optional glass fiber thixotrope and impact toughening agent, a pigment, a corrosion inhibitor, a
moisture penetration inhibitor, an ultraviolet light stabilizer, an optional abrasive aggregate, or a combination
thereof.

17. The coating of claim 16, wherein the coating is prepared with from about 20 to about 60 percent of the amine
curing agent.

18. The coating of claim 16, wherein the coating is formulated with from about 0.01 to about 30 percent of the
epoxide-containing toughening agent.

19. The coating of claim 16, wherein the coating is formulated with from about 0.01 to about 15 percent based on
the total weight of the coating of the corrosion inhibitor.

20. The coating of claim 16, wherein the coating is formulated with from about 0.01 to about 10 percent based on
the total weight of the coating of the glass fiber.

21. The coating of claim 16, wherein the coating is formulated with from about 0.01 to about 3 percent based on the
total weight of the coating of an moisture penetration inhibitor.

22. The coating of claim 16, wherein the coating is prepared with from about 0.01 to about 35 percent based on the
total weight of the coating of the fire retardant.

23. The coating of claim 16, wherein the coating is prepared with from about 10 to about 90 percent based on the
total weight of the coating of the epoxy resin.
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24. The coating of claim 16, wherein the coating is prepared with from about 4 to about 40 percent based on the total
weight of the coating of the rubber toughening agent.

25. The coating of claim 16, wherein the coating is prepared with from about 0.01 to about 30 percent based on the
total weight of the coating of the pigment.

26. The coating of claim 16, wherein the coating is prepared with from about 0.01 to about 10 percent based on the
total weight of the coating of the ultraviolet light stabilizer.

27. The coating of claim 16, wherein the coating is prepared with from about 0.01 to about 45 percent based on the
total weight of the coating of the abrasive aggregate.

28. The coating of claim 16, wherein the coating is substantially free of solvents.

29. The coating of claim 16, wherein the glass fiber is present and has average fiber diameter of about 0.2 to about 5
microns and a surface area as measured by BET of about 0.01 to about 25 meters squared per gram.

30. The coating of claim 16, wherein the epoxide-containing toughening agent contains sulfur.

31. The coating of claim 16, wherein the epoxide-containing toughening agent is a polysulfide, a polythioether, or a
combination thereof.
Description

BACKGROUND OF INVENTION

This invention pertains to an epoxy useful, for example, as a coating for aircraft carrier decks.

It is important that many surfaces are made of a non-skid coating. For instance, it is desirable that the deck of an
aircraft carrier be made of a non-skid surface. It is also desirable that such surfaces be durable. This is particularly
true for the portion of the deck where the aircraft take off and land, which is exposed to severe wear. Currently, the
aircraft decks are made using solvent-based epoxy coatings, which are applied so as to form ridges.

The present inventors have recognized, however, that there exists a need for a more durable coating, and a coating
made without solvents. The present inventors have also recognized that a coating lacking volatile solvents would be
desirable so as to avoid use of solvents that can be hazardous, and which must be evaporated off to provide the final
coating.

SUMMARY OF INVENTION

This invention solves one or more of the problems and disadvantages described above.
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In one broad respect, this invention is a process useful for providing a coating for a solid surface, comprising:
applying a primer onto the solid surface to form a primer coating, wherein the primer is prepared from an amine
curing agent, an epoxide-containing toughening agent, an epoxy resin, a rubber toughening agent, an optional fire
retardant, optionally a glass fiber thixotrope and impact toughening agent, and a pigment; applying a topcoat onto
the primer coating, wherein the topcoat is prepared from an amine curing agent, an epoxide-containing toughening
agent, an epoxy resin, a rubber toughening agent, an optional fire retardant, optionally a glass fiber thixotrope and
impact toughening agent, a pigment, and an optional abrasive aggregate. For spray applications, and especially for
the primer, it may sometimes be desirable to omit the fiber and/or the aggregate. By contrast, the glass fiber, while
optional, is generally present in a topcoat formulation. In one embodiment, the epoxide-containing toughening agent
is a polysulfide, a polythioether, or a combination thereof. In another broad respect, this invention is an epoxy
topcoat comprising a cured mixture that is formulated from an epoxy resin, an epoxide-containing toughening agent,
optionally, an ultraviolet light stabilizer, a pigment, optionally a glass fiber thixotrope and impact toughening agent,
an optional abrasive aggregate, an optional fire retardant, an amine curing agent, and a rubber toughening agent. In
another broad respect, this invention is an epoxy primer comprising a cured mixture that is made from an amine
curing agent, an epoxide-containing toughening agent, an optional fire retardant, optionally a glass fiber thixotrope
and impact toughening agent, an epoxy resin, a rubber toughening agent, a pigment, optionally, a corrosion
inhibitor, and optionally, a moisture penetration inhibitor.

In another broad respect, this invention is a process useful for providing a coating for a solid surface, comprising:
applying a coating onto the solid surface, wherein the coating is prepared from an amine side which comprises a
mixture of: an amine curing agent, a rubber toughening agent; and an epoxy side which comprises a mixture of: an
epoxy resin, an epoxide-containing toughening agent, and wherein the coating is also prepared from an optional fire
retardant, optionally a glass fiber thixotrope and impact toughening agent, a pigment, and an optional abrasive
aggregate, and wherein the surface may be primed or un-primed prior to application of the topcoat. In another broad
respect this invention is a method of manufacturing an epoxy side and an amine side for use in the formation of a
coating, comprising: forming a mixture of an amine side from an amine curing agent and a rubber toughening agent,
forming a mixture of an epoxy side from an epoxy resin and an epoxide-containing toughening agent, wherein the
amine side is also formed from an optional fire retardant, an optional glass fiber thixotrope and impact toughening
agent, a pigment, an optional abrasive aggregate, a moisture penetration inhibitor, an ultraviolet light stabilizer, or
combination thereof, and wherein the epoxy side is also formed from an optional fire retardant, an optional glass
fiber thixotrope and impact toughening agent, a pigment, an optional abrasive aggregate, a moisture penetration
inhibitor, an ultraviolet light stabilizer, or combination thereof. In another broad respect, this invention is an epoxy
coating formulated from (a) an amine curing agent, (b) an epoxide-containing toughening agent, (c) an epoxy resin,
(d) a rubber toughening agent, and (e) an optional fire retardant, an optional glass fiber thixotrope and impact
toughening agent, a pigment, a corrosion inhibitor, a moisture penetration inhibitor, an ultraviolet light stabilizer, an
optional abrasive aggregate, or a combination thereof. In another broad respect, this invention is a process useful for
providing a coating for a solid surface, comprising: applying a coating onto the solid surface, wherein the coating is
prepared from (a) an amine curing agent, (b) an epoxide-containing toughening agent, (c) an epoxy resin, (d) a
rubber toughening agent, and (e) an optional fire retardant, an optional glass fiber thixotrope and impact toughening
agent, a pigment, a corrosion inhibitor, a moisture penetration inhibitor, an ultraviolet light stabilizer, an optional
abrasive aggregate, or a combination thereof.

In one broad respect, this invention is a process useful for providing a coating for a solid surface, comprising:
applying a primer onto the solid surface to form a primer coating, wherein the primer is prepared from an amine
curing agent, a polysulfide and/or polythioether toughening agent, an epoxy resin, a rubber toughening agent, an
optional fire retardant, an optional glass fiber thixotrope and impact toughening agent, and a pigment; applying a
topcoat onto the primer coating, wherein the topcoat is prepared from an amine curing agent, a polysulfide
toughening agent, an epoxy resin, a rubber toughening agent, an optional fire retardant, an optional glass fiber
thixotrope and impact toughening agent, a pigment, and an optional abrasive aggregate. As used herein, "coating"
may refer to either the primer, the topcoat, a generic mixture formed from the components described herein, or
combinations thereof.
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In general, a coating of this invention may be prepared from (formulated from), independently in each occurrence,
about 20 to about 60 percent of the amine curing agent; about 0.01 to about 30 percent of the polysulfide and/or
polythioether toughening agent; about 0.01 to about 15 percent based on the total weight of the coating of the
corrosion inhibitor; about 0.01 to about 10 percent based on the total weight of the coating of the glass fiber; about
0.01 to about 3 percent based on the total weight of the coating of an moisture penetration inhibitor; about 0.01 to
about 35 percent based on the total weight of the coating of the fire retardant; about 10 to about 90 percent based on
the total weight of the coating of the epoxy resin; 4 to about 40 percent based on the total weight of the coating of
the rubber toughening agent; about 0.01 to about 30 percent based on the total weight of the coating of the pigment.
about 0.01 to about 10 percent based on the total weight of the coating of the ultraviolet light stabilizer; and/or about
0.01 to about 45 percent based on the total weight of the coating of the abrasive aggregate.

In one broad respect, this invention is a process useful for providing a coating for a solid surface, comprising:
applying a primer onto the solid surface to form a primer coating on the surface, wherein the primer is prepared from
a first amine side which comprises a mixture of: an amine curing agent, a toughening agent, at least one corrosion
inhibitor, a moisture penetration inhibitor, an optional fire retardant, and an optional glass fiber thixotrope and
impact toughening agent; a first epoxy side which comprises a mixture of: an epoxy resin, a toughening agent, at
least one corrosion inhibitor, a moisture penetration inhibitor, a darkening pigment, and an optional glass fiber
thixotrope and impact toughening agent, applying a topcoat onto the primer coating, wherein the topcoat is prepared
from a second amine side which comprises a mixture of: an amine curing agent, a toughening agent, an ultraviolet
light absorber and stabilizer, an optional fire retardant, an infrared light reflecting pigment, an optional glass fiber
thixotrope and impact toughening agent, and an optional abrasive aggregate, and a second epoxy side which
comprises a mixture of: an epoxy resin, a toughening agent, an optional glass fiber thixotrope and impact toughening
agent, an ultraviolet light absorber and stabilizer, and an optional abrasive aggregate.

In one embodiment, the first amine side comprises about 40 to about 60 percent of the amine curing agent, about 10
to about 30 percent of the toughening agent, about 0.01 to about 6 percent of at least one corrosion inhibitor, about
0.01 to about 5 percent of the glass fiber, about 0.01 to about 3 percent of the moisture penetration inhibitor, and/or
about 10 to about 35 percent of the fire retardant.

In one embodiment, the first epoxy side comprises about 50 to about 90 percent of the epoxy resin, about 10 to about
40 percent of the toughening agent, about 0.01 to about 6 percent of the corrosion inhibitor, about 0.01 to about 15
percent of the pigment, and/or about 0.01 to about 2 percent of the glass fiber.

In one embodiment, the second amine comprises about 25 to about 50 percent of the amine curing agent, about 0.01
to about 10 percent of the toughening agent, about 0.01 to about 6 percent of the corrosion inhibitor, about 15 to
about 25 percent of the pigment, about 0.01 to about 45 percent of the abrasive aggregate, about 0.01 to about 5
percent of the glass fiber, and/or about 5 to about 15 percent of the fire retardant.

In one embodiment, the second epoxy side comprises about 20 to about 45 percent of the epoxy resin, about 8 to
about 20 percent of the toughening agent, about 0.01 to about 6 percent of the corrosion inhibitor, about 0.01 to
about 10 percent of the ultraviolet light stabilizer, about 0.01 to about 15 percent of the pigment, and/or about 0.01
to about 5 percent of the glass fiber.

In another broad respect, this invention is an epoxy topcoat comprising a cured mixture that is formulated from an
epoxy resin, a polysulfide and/or polythioether toughening agent, optionally, an ultraviolet light stabilizer, a
pigment, an optional glass fiber thixotrope and impact toughening agent, an optional abrasive aggregate, an optional
fire retardant, an amine curing agent, and a rubber toughening agent.
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In another broad respect, this invention is an epoxy primer comprising a cured mixture that is made from an amine
curing agent, a polysulfide and/or polythioether toughening agent, an optional fire retardant, an optional glass fiber
thixotrope and impact toughening agent, an epoxy resin, a rubber toughening agent, a pigment, optionally, a
corrosion inhibitor, and optionally, a moisture penetration inhibitor.

In another broad respect, this invention is a process useful for providing a coating for a solid surface, comprising:
applying a coating onto the solid surface, wherein the coating is prepared from an amine side which comprises a
mixture of: an amine curing agent, a rubber toughening agent; and an epoxy side which comprises a mixture of: an
epoxy resin, an epoxy-terminated polysulfide and/or polythioether toughening agent, and wherein the coating is also
prepared from an optional fire retardant, an optional glass fiber thixotrope and impact toughening agent, a pigment,
and an abrasive aggregate, and wherein the surface may be primed or un-primed prior to application of the topcoat.

The primer is used to promote adhesion of the non-skid topcoat and to inhibit corrosion of a metal substrate to which
the primer may be applied. Either or both of the primer sides may include an ultraviolet light absorber and stabilizer.
In one embodiment, the second amine side or the second epoxy side or both may include a pigment, such as a
darkening pigment. In one embodiment the epoxy side and amine side include different pigments (e.g., one is white
and one is black) to assist the user in achieving adequate mixing of the two sides.

In one embodiment, the topcoat is applied in a manner such that a plurality of ridges are formed by the topcoat such
as by rolling, trowelling, raking or spraying. The rolling can be through use of a phenolic napless roller of a design
such that upon application, ridges and valleys are formed to supply additional slip resistance. For many applications,
the topcoat may be applied using one gallon of topcoat for every 20 30 square feet of surface to be coated. The
topcoat may be applied to the primer as soon as the primer is cured to a tack free state. Typically, the topcoat is tack
free within 1 to 48 hours after being applied, depending on temperature and other conditions. In general, hotter
ambient temperatures lead to shorter tack free times. Alternatively, the topcoat is applied prior to the primer
reaching a tack free state and may be applied promptly after the primer is applied.

In another broad respect, this invention is a method of manufacturing an epoxy side and an amine side for use in the
formation of a coating, comprising: forming a mixture of an amine side from an amine curing agent and a rubber
toughening agent, forming a mixture of an epoxy side from an epoxy resin and a polysulfide and/or polythioether
toughening agent, wherein the amine side is also formed from an optional fire retardant, an optional glass fiber
thixotrope and impact toughening agent, a pigment, an optional abrasive aggregate, a moisture penetration inhibitor,
an ultraviolet light stabilizer, or combination thereof, and wherein the epoxy side is also formed from an optional
fire retardant, an optional glass fiber thixotrope and impact toughening agent, a pigment, an optional abrasive
aggregate, a moisture penetration inhibitor, an ultraviolet light stabilizer, or combination thereof.

In another broad respect, this invention is a process useful for providing a coating for a solid surface, comprising:
applying a coating onto the solid surface, wherein the coating is prepared from (a) an amine curing agent, (b) a
polysulfide toughening agent, (c) an epoxy resin, (d) a rubber toughening agent, and (e) an optional fire retardant, an
optional glass fiber thixotrope and impact toughening agent, a pigment, a corrosion inhibitor, a moisture penetration
inhibitor, an ultraviolet light stabilizer, an optional abrasive aggregate, or a combination thereof.

The surfaces to be coated may include metal surfaces such as but not limited to the deck of a ship, including the
deck of an aircraft carrier, the surface of an oil well drilling platform, an industrial walkway and other industrial or
utility thoroughfares.

The composition may include at least one moisture penetration inhibitor in the first amine side and at least one
moisture penetration inhibitor in the first epoxy side. In one embodiment, the amine curing agent side is white and
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the epoxy side is black (or vice versa) so that when mixed, a gray color is created. This is advantageous for purposes
of handling, mixing, and application of the materials.

In one aspect, the toughening agent may be a polythioether toughening agent or a polysulfide toughening agent.

In one respect, the abrasive aggregate is comprised of a mixture of coarse aluminum powder and aluminum pellets.

In another respect, this invention is a coating composite formed by application of a topcoat layer to a primer layer.
The topcoat and primer may be made from the epoxy and amine sides described herein. The laminate can thus be
described as a composition comprising a topcoat layer adhered or bonded to a primer layer. In some instances where
corrosion of the substrate is not likely, the primer is not necessary, since the topcoat adhesion is adequate; that is, it
is self priming.

In another broad respect, this invention is a process useful for making a non-skid coating kit, comprising a first
amine side and first epoxy side of a primer and a second amine side and a second epoxy side of a topcoat, wherein
the process comprises: (a) combining an amine curing agent, a toughening agent, a corrosion inhibitor, and an
optional fire retardant to form the first amine side; adding the first amine side to a first container and then sealing the
container; (b) combining an epoxy resin, a toughening agent, a corrosion inhibitor, an ultraviolet light stabilizer, a
pigment, and an optional thixotrope glass fiber reinforcing agent to form the first epoxy side; adding the first epoxy
side to a second container and then sealing the container; (c) combining an amine curing agent, a rubber toughening
agent, a corrosion inhibitor, an ultraviolet light absorber and stabilizer, an optional fire retardant, a thixotrope glass
fiber reinforcing agent to form the second amine side to a container and then sealing the container; and (d)
combining an epoxy resin, a toughening agent, a pigment, an optional thixotrope glass fiber reinforcing agent, an
ultraviolet light absorber and stabilizer, and an optional aggregate to form the second epoxy side; adding the second
epoxy side to a second container and then sealing the container.

This invention thus provides a coating useful for applications such as but not limited to the deck of an aircraft
carrier. Advantageously, the coating may be made from 100% solids components obtained from a supplier without
further dilution, i.e., without the addition of volatile solvents. As used herein, a solvent such as water or an organic
compound refers to materials that dissolves the epoxy resin and/or amine starting materials, and which evaporates
from the coating upon application and/or exposure to an open environment (such as to air). Representative examples
of such volatile organic solvents that may be advantageously absent from the components used to make the final
coating include low molecular weight halogenated hydrocarbons such as chloroform and carbon tetrachloride,
hydrocarbons, alcohols, ketones, ethers, glycol ethers, and so forth. In the practice of this invention, the starting
materials and final cured coating are substantially free of solvents, containing at most only minor amounts of such
solvents and no more than about 40 percent of the component weight. Advantageously, the coating has excellent
durability and has improved durability relative to the solvent-based coatings currently in use.

The type of substrates and surfaces on which the coating of this invention may be used vary widely. For example,
the type of surfaces that can be treated with the coating of this invention includes glass, ceramics, metals, and
plastics. Typically, the surface is metal.

DETAILED DESCRIPTION OF THE INVENTION

The final cured coating of this invention has a thickness which can vary widely depending on the end use. In
general, the coating has a thickness of from about 0.1 cm to about 2 cm, though thicknesses above and below these
thicknesses are anticipated.
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The epoxy resin used in the practice of this invention may vary and includes conventional, commercially available
epoxy resins. Two or more epoxy resins may be employed in combination. In general, the epoxy resins can be
glycidated resins, cycloaliphhatic resins, epoxidized oils, and so forth. The glycidated resins are frequently the
reaction product of a glycidyl ether, such as epichlorohydrin, and a bisphenol compound such as bisphenol A.
C.sub.4 C.sub.28 alkyl glycidyl ethers; C.sub.2 C.sub.28 alkyl-and alkenyl-glycidyl esters; C.sub.1 C.sub.28 alkyl-,
mono- and poly-phenol glycidyl ethers; polyglycidyl ethers of pyrocatechol, resorcinol, hydroquinone, 4,4'dihydroxydiphenyl methane (or bisphenol F), 4,4'-dihydroxy-3,3'-dimethyldiphenyl methane, 4,4'dihydroxydiphenyl dimethyl methane (or bisphenol A), 4,4'-dihydroxydiphenyl methyl methane, 4,4'dihydroxydiphenyl cyclohexane, 4,4'-dihydroxy-3,3'-dimethyldiphenyl propane, 4,4'-dihydroxydiphenyl suflone,
and tris (4-hydroxyphynyl)methane; polyglycidyl ethers of the chlorination and bromination products of the abovementioned diphenols; polyglycidyl ethers of novolacs; polyglycidyl ethers of diphenols obtained by esterifying
ethers of diphenols obtained by esterifying salts of an aromatic hydrocarboxylic acid with a dihaloalkane or
dihalogen dialkyl ether; polyglycidyl ethers of polyphenols obtained by condensing phenols and long-chain halogen
paraffins containing at least two halogen atoms; N,N'-diglycidyl-aniline; N,N'-dimethyl-N,N'-diglycidyl-4,4'diaminodiphenyl methane; N,N,N',N'-tetraglycidyl-4,4'-diaminodiphenyl methane; N,N'-diglycidyl-4-aminophenyl
glycidyl ether; N,N,N',N'-tetraglycidyl-1,3-propylene bis-4-aminobenzoate; phenol novolac epoxy resin; cresol
novolac epoxy resin; and combinations thereof. Representative non-limiting examples of epoxy resins useful in this
invention include bis-4,4'-(1-methylethylidene) phenol diglycidyl ether and (chloromethyl) oxirane Bisphenol A
diglycidyl ether. Commercially available epoxy resins that can be used in the practice of this invention include but
are not limited to Aralydyte GY6010 and Epon 828. The epoxy resin can be used in any amount effective to form a
coating of this invention. In general, the amount of epoxy resin used in the first epoxy side for the primer is from
about 50 to about 90 percent by weight, and from about 20 to about 45 percent in the second epoxy side for topcoat.
The epoxy resin is thinner (less viscous) than the type of resin used to make solvent-based epoxy coatings.
Typically, the epoxy resin has a viscosity of from about 11,000 to about 14,000 centipoise.

The toughening agent used in the practice of this invention provides toughening and durability characteristics to the
coating. By toughening it is meant that the material has imparted to it a greater impact strength. The toughening
agent may be selected from conventional toughening agents such as rubber toughening agents and an epoxidecontaining toughening agent such as polysulfide, polythioether polymer, aliphatic triglycidyl ether, a polyepoxide,
aliphatic monoglycidyl ether, and aliphatic epoxy resin toughening agents. The toughening agent can vary. The
polysulfide toughening agent may be an epoxy terminated polysulfide polymer. One representative formula for such
materials is:

##STR00001## where n may be from 1 to 1,000. It is believed that the polysulfide toughening agent reacts during
the epoxy curing to the amine function of the curing agent. Such compounds are well known, and are currently
available commercially under the tradename ELP-3, sold by Rohm & Haas, or EPS-25, sold by Akzo Nobel. The
polysulfide toughening agent is epoxy terminated and can react with the amine curing agent, but is stable in the
epoxy resin. Another representative toughening agent is a polythioether toughening agent such as an epoxy
terminated difunctional polythioether polymer, such as an epoxy terminated difunctional polythioether polymer sold
commercially as PERMAPOL L-5534, including an low viscosity epoxy terminated difunctional polythioether
polymer having an epoxy equivalent weight in the range from about 515 to about 550, a flash point above 230 F, and
a viscosity at 25 C of from about 5 to about 6 mPa.s (ASTM D445). It should be appreciated that a polythioether has
--S-- linkage(s), as opposed to a polysulfide which has --S--S-- linkage(s). Advantageously, in contrast to the
polysulfide, the polythioether has less viscosity which imparts the ability to use less of it to achieve the same
rheology in a given formulation, such as 60% of the amount needed relative to the polysulfide. The polythioether
provides improved rheology, impact resistance and wear resistance relative to the polysulfide toughening agent. In
one embodiment, the toughening agent is one or more of an epoxide-containing toughening agent. In another
embodiment, the toughening agent is one or more of an epoxide-containing toughening agent that contains sulfur. In
another embodiment, the toughening agent is a polysulfide, a polythioether, or a combination thereof. The following
include additional toughening agents that do not contain sulfur. These toughening agents contain ether linkages
between consecutive epoxy functional groups which provide flexibility. The low viscosities of these toughening
agents improve the rheology. Another representative toughening agent is an aliphatic triglycidyl ether, such as a low
viscosity aliphatic triglycidyl ether sold commercially as HELOXY Modifier 48, including aliphatic triglycidyl ether
having an epoxy group content in the range from about 6400 to about 7500 mmol/kg and a viscosity at 25 C of from
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about 125 to about 250 mPa.s (ASTM D445). A representative formula for such trifunctional aliphatic triglycidyl
ethers is:

##STR00002## where R is a lower alkyl, such a C.sub.1 C.sub.4 alkyl, and in one embodiment ethyl.

Another representative toughening agent is a polyepoxide modifier, such as a low viscosity polyepoxide modifier
sold commercially as HELOXY Modifier 505, including polyepoxide modifier having an epoxy group content in the
range from about 1500 to about 1900 mmol/kg and a viscosity at 25 C of from about 300 to about 500 mPa.s
(ASTM D445). For example, the polyepoxide can be a polyglycidyl ether of castor oil, including a trigycidyl ether
of castor oil. Another representative toughening agent is an aliphatic monoglycidyl ether containing alkyl chains
which are predominantly C8 to C10 in length, such as an aliphatic monoglycidyl ether containing alkyl chains which
are predominantly C8 to C 10 in length sold commercially as HELOXY Modifier 7, including an aliphatic
monoglycidyl ether containing alkyl chains which are predominantly C8 to C10 in length modifier having an epoxy
group content in the range from about 4200 to about 4600 mmol/kg and a viscosity at 25 C of from about 3 to about
5 mPa.s (ASTM D445). A representative formula for such an aliphatic monoglycidyl ether is:

##STR00003## where R.sup.1 is an alkyl of from 4 to 14 carbons in one embodiment is C.sub.4, in one embodiment
is C.sub.8 C.sub.10. Another representative toughening agent is a low viscosity aliphatic epoxy resin, such as an low
viscosity aliphatic epoxy resin sold commercially as EPIKOTE resin 877, including an low viscosity aliphatic epoxy
resin having an epoxy group content in the range from about 2900 to about 3300 mmol/kg and a viscosity at 25 C of
from about 40 to about 90 mPa.s (ASTM D445). Another representative toughening agent is a bispheonal A type
epoxy resin, such as an internally flexible bisphenol A epoxy resin sold commercially as ARALDITE PY 4122 US,
including an bisphenol A epoxy resin having an epoxy equivalent amount of about 330 to about 365 g/eq. and a
viscosity at 25 C of from about 40 to about 90 mPa.s (ASTM D445). A representative formula of such bisphenol A
type epoxy resin toughening agents is as follows:

##STR00004## wherein Ar represents a --C.sub.6H.sub.4--C(CH.sub.3).sub.2--C.sub.6H.sub.4-- diradical group.

A toughening agent functions to improve impact resistance. Toughening agents function by forming a secondary
phase within the polymer matrix. This secondary phase is rubbery and hence is capable of crack growth arrestment.
This crack arresting function provides improved impact toughness.

Representative examples of a rubber toughening agents includes amine-terminated butadiene nitrile (ATBN) and
carboxy-terminated butadiene nitrite (CTBN). ATBN is amine terminated so that it can react with the epoxy
functionality and is stable upon mixture with an amine curing agent; as such the rubber toughening agent is
generally present in the amine side of a formulation, if there are an amine side and epoxy side. Representative
examples of an epoxy-containing toughening agent are polysulfide toughening agents, polythioether toughening
agents, and combinations thereof. The epoxy-terminated toughening agents are normally present in the epoxy side of
a formulation, if there are an amine side and an epoxy side. The ability of ATBN or the polysulfide toughening
agent to react with their resin complements allows for good chemical bonding between separate phases (rubber and
resin).

The abrasive aggregate may be selected from a wide variety of materials. The abrasives are employed in amounts
effective to provide additional anti-skid properties to the coating. Representative examples of such abrasives include
metals such as aluminum, pumice, garnet, sand, gravel, silica, ceramic fibers or whiskers such as of magnesium
oxide, aluminum nitride, boron nitride, zinc oxide, aluminum oxide, crushed glass, quartz, polymer, rubber, and
combinations thereof. The aggregate is employed in a wide range of amounts. In general, the aggregate is used in an
amount of from about 20 to about 50 percent by weight of the second amine side, and from about 25 to about 60
percent of second epoxy side. The aggregate serves to provide filler material and an abrasive surface.
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The coating of this invention includes a glass fiber, which provides both thixotropic rheology modification as well
as an impact toughening agent. Such glass fibers include those having an average fiber diameter of about 0.2 to
about 5 microns and a surface area as measured by BET of about 0.01 to about 25 meters squared per gram
(m.sup.2/g). In one embodiment, the BET is about 0.3 to about 6.25 m.sup.2/g. In the first amine side, the amount of
glass fiber may be from about 0.01 to about 5 percent; from about 0.01 to about 2 percent for the first epoxy side;
from about 0.01 to about 5 percent for the second amine side, and from about 0.01 to about 5 percent for the second
epoxy side.

For the primers, one or more corrosion inhibitors may be included. These serve to reduce the amount of corrosion of
a metal substrate at the primer/surface interface. A wide variety of such corrosion inhibitors may be used.
Representative examples of such corrosion inhibitors include zinc-based inhibitors such as zinc phosphate, zinc-5nitro-isophthalate, zinc molybdate, and zinc oxide and hydrophobic, moisture penetration inhibitors such as
hydrophobic, amorphous fumed silica. These may be used in any amount effective to provide corrosion inhibition.

In the practice of this invention, a UV light stabilizer may be included. This serves to protect the cured coating from
the harmful effects of UV light. Representative examples of such stabilizers include sterically hindered piperidine
derivatives including an alkyl substituted hydroxy piperidines such as dimethyl sebacate, methyl-1,2,2,6,6pentamethyl-4-piperidinyl sebacate, bis (1,2,2,6,6-pentamethyl-4-piperidinyl) sebacate, and 1,2,2,6,6-pentamethyl4-piperidinol. This may be used in any amount effective to provide UV stabilization.

The coating can include one or more pigments to provide any desired color. The pigments can vary, depending on
the desired color of the final coating. For example, if a gray coating is desired, white and black pigments can be
used. If a yellow coating is desired, then yellow pigments can be employed, and so on. A representative example of
a darkening pigment is black iron oxide. Black iron oxide also has the desirable property of being infrared
transparent and thus may serve as an IR transparent darkening agent. This is beneficial because infrared absorption
by the coating causes the surface temperature to rise, which is undesirable. Likewise, an IR reflector may be
included in the coatings of this invention. One such IR reflector is titanium dioxide, which may also serve as a
pigment. By reflecting IR light, the coating is less prone to becoming heated in sunlight.

Various fire retardants may optionally be used in the practice of this invention. Common fire retardants include an
alumina such as alumina trihydrate, magnesium hydroxide, bismuth oxide, zinc borate, potassium tripolyphosphate,
and antimony oxide. Combinations of these fire retardants can be employed, such as magnesium hydroxide with
alumna trihydrate, and zinc borate with magnesium hydroxide and/or alumna trihydrate. Fire retardants that are not a
known carcinogens are preferred in the practice of this invention. In general, the fire retardants may be employed in
an amount of from about 5 to about 40 percent by weight based on the total weight of a given formulation.

On the amine side of the primer and topcoat, an amine curing agent is employed. Various polyamines can be used
for this purpose, including aliphatic and aromatic amines, cycloaliphatic amines, a Lewis base or a Mannich base.
For example, the aliphatic amine and cycloaliphatic amines may be alkylene diamines such as ethylene diamine,
propylene diamine, 1,4-diaminobutane, 1,3-diaminopentane, 1,6-diaminohexane, 2,5-diamino-2,5-dimethylhexane,
2,2,4-trimethyl-1,6-diaminohexane, 1,11-diaminoundecane, 1,12-diaminododecane, 1,3- or 1,4-cyclohexame
diamine, 1-amino-3,3,5-trimethyl-5-aminomethyl-cyclohexane, 2,4- or 2,6-hexahydrotolxylene diamine, 2,4'- or
4,4'-diaminodicyclohexyl methane, 3,3'-dialkyl-4,4'-diamino-dicyclohexyl methane isophoronediamine,
trimethythexamethylene diamine, triethylene diamine, piperazine-n-ethylamine, polyoxyalkylene diamines made
from propylene oxide and/or ethylene oxide. Commercially available amine curing agents may sometimes include
residual amounts of solvents such as benzyl alcohol used in the manufacture of the compounds. The aromatic
polyamines may include 2,4- or 2,6-diaminotoluene and 2,4'- or 4,4'-diaminodiphenyl methane. Mixtures of amine
curing agents may be employed. The amount of amine curing agent may vary depending on the amount of epoxy
resin to be cured. In general, the amount of amine curing agent employed is so that the volumetric ratio of an amine
side to an epoxy side is from about 30:70 to about 70:30, with a weight ratio of from about 1:15 to 15:1 being most
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typical. Typically, the mole ratio of amine curing agent to the epoxy resin is in the range from about 0.25 to about
2.5, and in one embodiment is about 1:1.

The following examples are illustrative of this invention and are not intended to be limiting as to the scope of the
invention or claims hereto. Unless otherwise denoted all percentages are by weight of the total part (i.e., the primer
epoxy or topcoat amine and so forth).

EXAMPLE 1

A primer and topcoat were prepared containing the components and respective amounts shown in Tables 1a and 1b.
Each of the sides was thoroughly mixed prior to application onto a metal surface. The components were mixed using
low shear (1000 RPM), and when all the components have been added, the speed was increased to 2000 2500 RPM.
In the table, the Lauscha Fiber International B-15-F (a thixatrope glass fiber reinforcing agent) has a BET of 1.08
square meters per gram, and a nominal diameter of 1.48 microns.

TABLE-US-00001 TABLE 1a Primer Composition Weight Supplier/Tradename/ Component Percent Amine Side
Vantico Hardener Amine Curing Agent 49.0 HY 2963 Cyclohexanemethanamine, 5- amino-1,3,3-trimethylIsophoronediamine Bisphenol A B. F. Goodrich Rubber Toughening Agent 17.0 Hycar 1300X16 ATBN
Aminoethyl piperazine Sherwin-Williams Corrosion Inhibitor 1.4 MolyWhite 101 Zinc Molybdate Zinc Oxide
Alcan Chemicals Fire Retardant 11.2 Alumina Trihydrate Al.sub.2O.sub.3.3H.sub.2O H-10 Laurel Industries Inc.
Fire Retardant 20.6 Fireshield .RTM. Sb.sub.2O.sub.3 Degussa Hydrophobic Moisture 0.9 Aerosil 812 Penetration
Inhibitor Amorphous Fumed Silica Total 100.1 Epoxy Side Vantico Epoxy Resin 69.4 Araldyte GY6010 Phenol,
4,4'-(1-methylethylidene)bis-, polymer with (chloromethyl)oxirane Bisphenol A Diglycidyl Ether Polymer Rohm &
Haas Polysulfide Toughening Agent 23.5 ELP-3 Epoxy terminated polysulfide Sherwin-Williams Corrosion
Inhibitor 0.6 MolyWhite 101 Zinc Molybdate Zinc Oxide Rockwood Industries Corrosion Inhibitor 0.3 Phos Plus
Zn.sub.3(PO.sub.4).sub.2-2,-4 H.sub.2O Mixture Heucotech Corrosion Inhibitor 0.03 Heucorin RZ Zinc-5-Nitro-Iso
Phthalate Degussa Hydrophobic Moisture Penetration 0.5 Aerosil 812 Inhibitor Amorphous Fumed Silica Ferro UV
Light Stabilizer 2.0 UV 55-07051 Bis(1,2,2,6,6-Pentamethyl-4- Piperidinyl)Sebacate LaPorte Darkening Pigment
1.2 Black Iron Oxide Fe.sub.3O.sub.4 Lauscha Fiber Thixatrope 1.4 Internat. Glass Fiber Reinforcing Agent B-15-F
98.93

TABLE-US-00002 TABLE 1b Top-Coat Composition Weight Supplier/Tradename Component Percent Amine Side
Air Products Amine Curing Agent 39.5 Ancamime 2074 Isophoronediamine Trimethylhexamethylenediamine B. F.
Goodrich Rubber Toughening Agent 3.9 Hycar 1300X16 ATBN Aminoethyl piperazine Ribelin Sales Corrosion
Inhibitor; UV Reflector 7.9 Zinc Oxide (Grade ZnO 210) Alcan Chemicals Fire Retardant 4.7 Alumina Trihydrate
Al.sub.2O.sub.3.3H.sub.2O H-10 Laurel Industries Fire Retardant 4.7 Inc. Sb.sub.2O.sub.3 Fireshield .RTM.
Kronos Pigment 11.8 Titanium Dioxide P25 Lauscha Fiber Thixatrope 1.6 Internal. Glass Fiber Reinforcing Agent
B-15-F Atlantic Equipment Aggregate 26.1 Eng. Aluminum Aluminum Powder Total 100.2 Epoxy Side Vantico
Epoxy Resin 48.4 Araldyte GY6010 Phenol, 4,4'-(1- methylethylidene)bis-, polymer with (chloromethyl)oxirane
Bisphenol A Diglycidyl Ether Polymer Rohm & Haas Polysulfide Toughening Agent 16.1 ELP-3 Epoxy terminated
polysulfide LaPorte Darkening Pigment 4.8 Black Iron Oxide Fe.sub.3O.sub.4 Lauscha Fiber Internat. Thixatrope
1.9 B-15-F Glass Fiber Reinforcing Agent Ferro UV Light Stabilizer 2.0 UV 55-07051 Bis(1,2,2,6,6-Pentamethyl-4Piperdinyl)Sebacate Atlantic Equipment Eng. Aggregate 25.8 Aluminum Powder Aluminum 99

Thus, the first amine side and first epoxy side were combined and mixed, then applied to a metal surface using a
phenolic napless roller (or can be sprayed) to thereby form a primed surface. After the primer has cured to a tack
free state, the second amine side and the second epoxy side are mixed and applied to the primed surface using a
phenolic napless roller. Alternatively, and in some cases preferentially, the topcoat (the second amine side and
epoxy side) is applied prior to the primer curing to the tack free state. In this regard the topcoat in some instances is
applied within 60 seconds of the primer being applied. The surface can be cleaned prior to application of the primer.
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The rheology of the topcoat allows for the formation of the ridges and valleys which supplies additional slip
resistance. The resulting coating was approximately 1 10 mm thick (1 2 mm of primer). The coating exhibited
excellent durability when subjected to a standard impact test. The coating showed surprisingly little wear due to the
impact. The impact test, conducted according to MIL-PRF-24667A (Navy), consists of dropping a 907 gram steel
ball from a height of 244 cm onto the coated steel surface in a 5 by 5 array consisting of 25 impacts. Impact
resistance is scored by counting the number of adjacent impact 2.5 percentage points and subtracting this from 100.
A minimum score of 95% is expected for an acceptable material according to MIL-PRF-24667A (Navy). The
coatings described herein typically score 100 in this test.

EXAMPLE 2

The procedures of Example 1 were repeated except that the primer and topcoat of Tables 2a and 2b were employed.
In this example, antimony oxide and zinc oxide were removed from the coating of Tables 1a and 1b, with alumina
trihydrate and titanium dioxide being used instead. Also, the zinc corrosion inhibitors were used in the primer amine
side and some of the glass fiber was moved from the primer epoxy side to the primer amine side. Likewise, the
amounts of zinc corrosion inhibitor and black iron oxide were increased in the primer epoxy side.

TABLE-US-00003 TABLE 2a Primer Composition Weight Supplier/Tradename Component Percent Amine Side
Vantico Hardener Amine Curing Agent 49.0 HY 2963 Cyclohexanemethanamine, 5-amino-1,3,3-trimethylIsophoronediamine Bisphenol A B. F. Goodrich Rubber Toughening Agent 17.0 Hycar 1300X16 ATBN
Aminoethyl piperazine Sherwin-Williams Corrosion Inhibitor 2.24 MolyWhite 101 Zinc Molybdate Zinc Oxide
Alcan Chemicals Fire Retardant 31.8 Alumina Trihydrate Al.sub.2O.sub.3.3H.sub.2O H-10 Degussa Hydrophobic
Moisture 0.9 Aerosil R812 Penetration Inhibitor Amorphous Fumed Silica Lauscha Fiber Thixatrope 1.0 Internat.
Glass Fiber Reinforcing B-15-F Agent Total 100.1 Epoxy Side Vantico Epoxy Resin 69.4 Araldyte GY6010 Phenol,
4,4'-(1- methylethylidene)bis-, polymer with (chloromethyl)oxirane Bisphenol A Diglycidyl Ether Polymer Rohm &
Haas Polysulfide Toughening Agent 23.5 ELP-3 Epoxy terminated polysulfide Sherwin-Williams Corrosion
Inhibitor 0.6 MolyWhite 101 Zinc Molybdate Zinc Oxide Rockwood Industries Corrosion Inhibitor 0.7 Phos Plus
Zn.sub.3(PO.sub.4).sub.2-2,-4 H.sub.2O Mixture Heucotech Corrosion Inhibitor 0.03 Heucorin RZ Zinc-5-Nitro-Iso
Phthalate Degussa Hydrophobic Moisture Penetration 0.5 Aerosil R812 Inhibitor Amorphous Fumed Silica Ferro
UV Light Stabilizer 2.0 UV 55-07051 Bis(1,2,2,6,6-Pentamethyl-4- Piperidinyl)Sebacate LaPorte IR Transparent,
Darkening Pigment 1.7 Black Iron Oxide Fe.sub.3O.sub.4 Lauscha Fiber Thixatrope 0.3 Internat. Glass Fiber
Reinforcing Agent B-15-F 98.93

TABLE-US-00004 TABLE 2b Top-Coat Composition Weight Supplier/Tradename Component Percent Amine Side
Air Products Amine Curing Agent 39.5 Ancamime 2074 Isophoronediamine Trimethylhexamethylenediamine B. F.
Goodrich Rubber Toughening Agent 3.9 Hycar 1300X16 ATBN Aminoethyl piperazine Alcan Chemicals Fire
Retardant 9.4 Alumina Trihydrate Al.sub.2O.sub.3.3H.sub.2O H-10 Kronos - Titanium Pigment and IR Reflector
19.7 Dioxide P25 Lauscha Fiber Thixatrope 1.6 Internat. Glass Fiber Reinforcing Agent B-15-F Atlantic Equipment
Aggregate 26.1 Eng. Aluminum Aluminum Powder Total 100.2 Epoxy Side Vantico Epoxy Resin 48.4 Araldyte
GY6010 Phenol, 4,4'-(1- methylethyidene)bis-, polymer with (chloromethyl)oxirane Bisphenol A Diglycidyl Ether
Polymer Rohm & Haas Polysulfide Toughening Agent 16.1 ELP-3 Epoxy terminated polysulfide LaPorte IR
Transparent Darkening Pigment 4.8 Black Iron Oxide Fe.sub.3O.sub.4 Lauscha Fiber Internat. Thixatrope 1.9 B-15F Glass Fiber Reinforcing Agent Ferro UV Light Stabilizer 2.0 UV 55-07051 Bis(1,2,2,6,6-Pentamethyl-4Piperidinyl)Sebacate Atlantic Equipment Eng. Aggregate 25.8 Aluminum Powder Aluminum 99

The primer sides and topcoat sides were applied to a clean steel plate substrate according to Example 1. The cured
coating was subjected to the impact test of Example 1. The cured coating showed excellent durability and
surprisingly little wear.

EXAMPLE 3
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Polythioether Formulations

Several formulations were prepared using either an epoxidized polysulfide or an epoxidized polythioether
(PERMAPOL polythioether, obtained from PRC DeSoto). While the epoxidized polysulfide is a linear pre-polymer
containing di-sulfide bridges spaced periodically through the molecule, the epoxidized polythioether contains --S-bridges spaced periodically through the molecule. While not wishing to be bound by theory, it is thought that the
sulfur linkage is more flexible than the S--S di-sulfide linkages, which results in a superior product when using the
epoxidized polythioether relative to the polysulfide. In addition, the PERMAPOL polythioether has lower viscosity
than the ELP3, which allows less polythioether being needed relative to the ELP3 polysulfide to achieve the same
rheology. Five formulations were tested to determine the amount of polythioether that corresponds to a standard
polysulfide formulation. The formulations are shown in Table 3A, with the results of the tests shown in Table 3B.

The formulation in Table 3A were used to form cured compositions of a primer coating and topcoat coating. The
resulting cured coatings were tested to determine Shore D hardness and flexibility. Flexibility was measured using a
four-point bend configuration in an Instron test machine operated in compression (ASTM D6272). The four-point
bend test generated data for flexural modulus and the ultimate yield stress, which indicate flexibility and strength,
respectively. The data is shown in Table 3B.

TABLE-US-00005 TABLE 3A Resin/ Poly- Polythioether Epoxy resin Hard- hard- sulfide (PERMAPOL
(ARYLDYTE ener ener Sample (ELP3) 5534) GY6010) type ratio A 25.83 0 74.17 A 2.33 mixture.sup.a of
Ancamine HY 2964 and Hycar 1300X16 B 0 25.83 74.17 A 2.29 mixture.sup.a of Ancamine HY 2964 and Hycar
1300X16 C 0 20.67 79.33 A 2.20 mixture.sup.a of Ancamine HY 2964 and Hycar 1300X16 D 0 15.51 84.49 A 2.11
mixture.sup.a of Ancamine HY 2964 and Hycar 1300X16 E 0 10.33 89.67 A 2.04 mixture.sup.a of Ancamine HY
2964 and Hycar 1300X16 .sup.a90.80% of the HY-2964 and 9.20% of the Hycar 1300X16

Sample A and B have equal amounts by weight of polysulfide and polythioether, respectively. Sample C has 80% of
polythioether relative to the amount of polysulfide in Sample A, with the balance being made up with additional
epoxy resin. Samples D and E have 60% and 40%, respectively, of polythioether relative to the amount of
polysulfide in Sample A.

TABLE-US-00006 TABLE 3B Shore D Hardness Max Load at Yield (PSI) Modulus at X % Deformation (PSI)
Sample Meas 1 Meas 2 Meas 3 Average Meas 1 Meas 2 Meas 3 Average Meas 1 Meas 2 Meas 3 Average Steel
Paint Can 87 90 88.5 88.5 Lid ELP3 74 77 77.5 76.2 3353.2 3256.4 3852.4 3487.3 166416.0 149941.7 188407.- 5
168,255 (Ambient Cure) ELP3 (85F cure) 75 72.5 73.5 73.7 100% Permapol 76.5 71.5 70.5 72.8 1724.607 1971.898
1978.985 1891.8 86007.- 4 82614.3 69763.3 79,461 5534 (Ambient Cure) 100% Permapol 70 69.5 75.5 71.7 5534
(85F Cure) 80% Permapol 77 79 77.5 77.8 3803.913 3728.068 3929.925 3820.6 44612.1 556- 99.7 69842.7 56,718
5534 (Ambient Cure) 80% Permapol 74.5 77 78 76.5 5534 (85F Cure) 60% Permapol 76.5 78 78.5 77.7 5341.757
4887.624 4949.777 5059.7 208745.4 - 222708.6 234415.8 221,957 5534 (Ambient Cure) 60% Permapol 76.5 77
81.5 78.3 5534 (85F Cure) 40% Permapol 76 76.5 76.5 76.3 6665.947 6499.856 6671.931 6612.6 304203.1 289920.5 314518.2 302,881 5534 (Ambient Cure) 40% Permapol 81 79.5 80.5 80.3 5534 (85F Cure)

The data in Table 3B shows that essentially the same physical properties can be achieved using the polythioether
(Permapol 5534) in place of the polysulfide (ELP3), but with only about 60% by weight of the polythioether relative
to the polysulfide.

TABLE-US-00007 TABLE 3C Aluminum Aggregate Garnet Aggregate ELP3/EPS25 Permapol ELP3/EPS25
Permapol %/Wt. %/Wt. %/Wt. %/Wt. Component Primer Activator: Hardener HY2963 44.29 44.30 44.29 44.30
Hycar 1300X16 15.79 15.80 15.79 15.80 Molywhite 1.85 1.90 1.85 1.90 Alumina trihydrate DH-80G 28.80 28.80
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28.80 28.80 Aerosil R812 0.84 0.80 0.84 0.80 2160 TiO2 8.42 8.40 8.42 8.40 Total: 99.99 100.00 99.99 100.00
Primer Base: Araldyte GY6010 72.30 81.48 72.30 81.48 EPS25/ELP-3 23.90 -- 23.90 -- Permapol -- 14.95 -- 14.95
Black Iron Oxide 0.50 0.25 0.50 0.25 Phos Plus 0.80 0.80 0.80 0.80 Heucorin RZ 0.08 0.08 0.08 0.08 Aerosil R812
0.50 0.48 0.50 0.48 Silquest A-187 2.00 1.96 2.00 1.95 Total: 100.08 100.00 100.08 100.00 Topcoat Activator:
Ancamine 2074 31.60 31.80 31.60 31.80 Hycar 1300X16 3.22 3.20 3.22 3.20 Alumina trihydrate 15.36 15.30 15.36
15.30 Titanium dioxide, Kronos 2160 7.12 7.10 7.12 7.10 Glass Microfiber, B-15-F 0.75 0.80 0.75 0.80 Aluminum
Tadpoles T-103 30.71 30.70 -- -- Aluminum Powder, A1-110 10.48 10.50 -- -- Garnet Aggregate -- -- 41.43 41.30
Fumed Silica, CAB-O-SIL 0.52 0.50 0.52 0.50 Total: 99.76 99.99 100.00 100.00 Topcoat Base: Araldyte GY6010
28.75 32.75 28.75 32.75 EPS25/ELP-3 10.02 -- 10.02 -- Permapol -- 6.00 -- 6.00 Black Iron Oxide 8.47 8.47 8.47
8.47 B-15-F Glass Fiber 1.34 1.34 1.34 1.34 Ferro UV Inhibitor, 55-07051 4.96 4.96 4.96 4.96 Aluminum Tadpoles,
T-103 34.43 34.45 -- -- Aluminum Powder, AL-110 11.02 11.02 -- -- Garnet Aggregate -- -- 45.45 45.47 Fumed
Silica, CAB-O-SIL 1.01 1.01 1.01 1.01 Total: 100.00 100.00 100.00 100.00

The aluminum aggregate primer formulations of Table 3C were tested by bonding one-inch-wide adherends on steel
with a one-inch overlap using primers made using polysulfide and polythioether. For comparison, the primers from
two commercially available products were also tested. The bonded assemblies were pulled apart using an Instron test
machine. The results shown in Table 3D, and given in absolute pounds of pull required to break the samples. Each
result is the average of five tests. The result for the polythioether sample is low because one sample had to be pulled
twice because it first reached the maximum level for the load cell used, which weakened the adhesive bond.

TABLE-US-00008 TABLE 3D Results (absolute pounds of Sample pull to break sample) Amercoat 138, a solvent
born epoxy primer.sup.a 299 American Safety 440L primer.sup.a 679 Polysulfide primer 2178 Polythioether primer
(60% formulation) 2599 .sup.aAmercoat 138 and American Safety 440L are commercially available primers, which
are not embodiments of this invention, and included for comparative purposes.

The results show the superiority of primers made using polysulfide and polythioether, owing so the significantly
higher adhesion to steel and toughness than the commercial products which lack either polysulfide or polythioether.

The formulations in Table 3C were also tested to determine wear properties of the coating using test MIL-PRF24667A (U.S. Navy). This test is designed to simulate the wear produced by the trap cables on aircraft carriers. The
test involves dragging a cable simulant across the coating for 500 cycles. The simulant is a steel rod having the same
hardness as the steel in a cable. A thirty-pound load is applied to the simulant. The sample is periodically weighed to
determine the quantity of coating removed by abrasion. Normally the test proscribes 500 test cycles; however, in this
example, 5,000 test cycles were obtained. The specification for a U.S. Navy non-skid (MIL-PRF-24667A) requires
no more than 10% of the weight of the coating be removed after 500 cycles. The results of a formulation using
polythioether does not experience this level of wear until about 4,000 cycles are exceeded.

The polythioether formulation of Table 3C was also subjected to tests under MIL-PRF-24667 to test resistance to
wear and abrasion of a cable stimulant. As per MIL-PRF-24667, an aircraft carrier cable stimulant is rubbed over a
coating sample, with 30 pounds of pressure applied. The cable is drug back and forth, with each back and forth pass
equaling one cycle. Three samples were tested. MIL-PRF-24667 specifies that a sample passes the test procedure a
maximum average of 0.025 millimeter loss after 200 cycles for abrasion of the cable, and a maximum average of
10% weight loss per sample after 500 cycles for the coating wear. Sample 1 showed abrasion in millimeters of 0.021
after 200 cycles, and 9.2% loss for the wear test after 500 cycles. Sample 2 showed abrasion in millimeters of 0.019
after 200 cycles, and 3.45% loss for the wear test after 500 cycles. Sample 3 showed abrasion in millimeters of
0.008 after 200 cycles, and 3.03% loss for the wear test after 500 cycles. Hence, all three polythioether samples
passed the requirements of MIL-PRF-24667 for these tests.

The coating made from a formulation using polythioether were subjected to an impact test by dropping a two-pound
ball on the surface of the coating from a height of eight feet, which is repeated twenty-five times in a five-by-five
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array. The centers of the impact points are one inch apart. Failures are counted when the coating chips away from
the surface between adjacent impact points. According to MIL-PRF-24667 no more than an average of two failures
are allowed. No failures occurred in four panels tested, where the panels were of a formulation made with
polythioether.

In addition, a coating made using polythioether was tested to measure flammability of the cured coating and its
ability to quench a fire once initiated on the surface. The formulation passed the requirements of the MIL-PRF24657A specifications.

The coatings made using polythioether were also subject to a coefficient of friction test with the coating dry, wet by
sea water simulant, and coated with oil, which are intended to represent the extremes of conditions on an aircraft
carrier deck. The results showed an acceptably high coefficient of friction under MIL-PDF-24667A relative to a
standard surface. The results are shown in Table 3E.

TABLE-US-00009 TABLE 3E Coefficient of Friction Sample 1 Sample 2 Sample 3 Dry (50 wear cycles) 1.09 1.15
1.16 Wet (50 wear cycles) 1.20 1.21 1.24 Oily (50 wear cycles) 0.82 0.85 0.75 Dry (500 wear cycles) 1.26 1.12 1.27
Wet (500 wear cycles) 1.46 1.11 1.34 Oily (500 wear cycles) 0.99 0.78 0.75

Further modifications and alternative embodiments of this invention will be apparent to those skilled in the art in
view of this description. Accordingly, this description is to be construed as illustrative only and is for the purpose of
teaching those skilled in the art the manner of carrying out the invention. It is to be understood that the forms of the
invention herein shown and described are to be taken as illustrative embodiments. Equivalent elements or materials
may be substituted for those illustrated and described herein, and certain features of the invention may be utilized
independently of the use of other features, all as would be apparent to one skilled in the art after having the benefit
of this description of the invention.
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