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 1.0 INTRODUCTION 
 
1.1 Military Coatings Background 
 

Military weapons systems are coated for a variety of reasons.  In addition to aesthetic 
appearance, the coating systems must provide countermeasures to satisfy demanding military 
mission requirements in terms of camouflage, chemical warfare agent resistance, electrical 
grounding, and electromagnetic shielding.  Clearly the most important contribution of the 
coatings system is protection of these assets from environmental degradation, including 
corrosion.  The annual cost of corrosion for the Department of Defense (DoD) is approximately 
$22.5B [1]. 
  

A Navy coating system typically consists of an inorganic pretreatment, an epoxy primer, 
and a polyurethane topcoat (Figure 1-1).  The goal of the surface pretreatment is to provide 
corrosion resistance and promote adhesion with the subsequent organic coatings.  Epoxy primers 
are cured with polyamides or amines and formulated with corrosion inhibiting pigments for 
maximum performance.  The primers are designed to wet the surface, provide adhesion, and 
inhibit corrosion.  A high solids polyurethane topcoat is applied to the primer surface for further 
environmental protection and to provide desired optical properties.  The coating system as a 
whole acts to meet protection and mission requirements.  The pretreatment is primarily inorganic 
in nature and on the order of only 0.5 microns thick.  Primers are typically slightly less than 1 
mil thick, while topcoats are typically ~2.0 mils thick. 
 

 

 
Figure 1-1: Typical Navy Coatings Systems Consist of an Inorganic Pretreatment, an Epoxy 

Primer, and a Polyurethane Topcoat 
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1.1.1   The Need to Reduce VOC Content in Primers and Topcoats 
 

Aircraft painting is a significant source of hazardous waste for the DoD and one of Naval 
aviation’s top generators.  Organic topcoats are the primary source of barrier-type protection 
against environmental degradation for Navy aircraft, weapon systems and support equipment.  In 
addition, these materials provide passive countermeasures against many enemy threats.  There 
are a large number of different coating systems currently used by the Navy due to the diverse 
nature of their functions, the variety of substrates and alloys to which they are applied, and the 
severe nature of their operational environment.  Unlike other DoD applications, Naval aviation 
topcoats must provide superior protection in a harsh corrosive environment with a thin barrier as 
to minimize weight for proper payload or operations.  The current coatings contain high volatile 
organic compound (VOC) contents; VOCs are released during painting operations as hazardous 
air pollutants (HAP).  An alternative to using high VOC topcoats has been found.  This new 
topcoat incorporates resins based on novel polymer chemistries into its formulation.   

 
Despite considerable reduction in VOC emissions over the past ten years, Navy Fleet 

Readiness Centers (FRC) typically generate 30 tons of VOCs per year from coating operations.  
Army hazardous waste generation from coating related operations is even higher at 680 tons of 
painting waste across 28 locations and a staggering 2000 tons associated with depainting at 16 
locations.  The Marine Corps emission of VOCs from primers and topcoats can be estimated at 
80 tons annually.  Air Force estimates indicate that painting operations cost over $150M per 
year, and hazardous materials comprise a significant percentage of that amount [2].  In addition, 
the Defense Land Systems and Miscellaneous Equipment (DLSME) National Emission 
Standards for Hazardous Air Pollutants (NESHAP) will affect the entire coating process in DoD 
installations.  These NESHAPs will not affect just the coating application itself, but will further 
increase the cost of using coating systems.  For this reason, it is important to address 
environmental concerns with the existing coating systems before environmental regulations 
come into effect. 

 
Finally, the overall goal of project WP-200906 was to investigate non-chromate, zero-

volatile organic compound (ZVOC) coatings for steel substrates. As the title implies, this is a 
unique project as it covers a wide range of coatings and pretreatments for steel. Therefore 
demonstrations were divided up into three technology areas: 1) pretreatments for high hard 
armor (HHA) steel, 2) non-chromate primer, ZVOC topcoat for ground support equipment 
(GSE), and 3) non-chromate sealers for zinc phosphate. This final report will only cover the 
demonstration of technology area 2, non-chromate primer, ZVOC topcoat for GSE. 
 
1.1.2  Uses of Hexavalent Chromium 
 

Many current pretreatments utilize hexavalent chromium for corrosion protection.  The 
pretreatments enhance adhesion as well as provide protection to the substrate when the paint 
system becomes damaged.  However, hexavalent chromium (Cr(VI)), or chromate, is an 
Environmental Protection Agency (EPA) priority pollutant and a known carcinogen.  Cr(VI) is 
highly soluble and exists in solution as hydrochromate (HCrO4

-), chromate (CrO4
-), and 

dichromate (Cr2O7
-) ions.  The goal of remediation schemes is to reduce the carcinogenic, 

soluble, and mobile Cr(VI) to less toxic and less mobile trivalent chromium (Cr(III)), which 
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forms insoluble precipitates.  Successful removal of Cr(VI) hinges upon the formation and 
stability of Cr(III) precipitates.  Due to its widespread industrial use, Cr(VI) is often found in 
contaminated groundwater along with complex mixtures of pollutants.   
 

From a performance aspect, Cr(VI) provides excellent corrosion protection until it has 
become depleted, at which point the corrosion protection capabilities suffer.  Cr(VI) is used 
everywhere that self-healing corrosion protection is required.  It is also used to ensure good 
adhesion for paints and adhesives.  For metal finishing, the primary uses for chromates are: 
 

• Chromate pretreatments for aluminum (Al) and magnesium (Mg) alloys as well as for 
corrosion-protective coatings (cadmium (Cd), Al, zinc-nickel (ZnNi), phosphate sealers, 
etc.) where the chromate is usually referred to as a sealer or passivation treatment.  This 
type of coating involves the use of a chromate that creates a chemically modified surface 
region in which the chromate remains, forming a self-healing chemistry that re-protects if 
scratched.   

• Chromate primers, sealers, bonding primers, gap fillers, etc., in which the chromate 
provides corrosion protection by release from a polymer matrix. 

• Chromic acid anodization, in which a thick oxide layer is produced at the surface of Al or 
Mg to protect against corrosion and mechanical damage.  Anodization does not leave 
chromate at the surface.  However, anodized layers may be sealed with a chromate 
containing seal resulting in a Cr(VI) presence at the surface. 

• Chromic acid passivation is used for stainless steels.  It produces a thin oxide layer that 
serves the same purpose as the native oxide that is formed on stainless steels over time, 
namely to inhibit corrosion.  Like anodization, passivation leaves no chromate at the 
surface. 

• Wash primers prior to painting. 
• Chromate pretreatments also provide color to Al, Zn and Cd surfaces, which makes it 

obvious that the treatment has been done as well as showing the degree of protection the 
coating will provide.  Colors from resulting chromate pretreatments range from clear 
(thinnest coatings) through yellow to olive (thickest coatings). 

 
1.1.3  Potential Alternatives and Approach to Reducing Hexavalent Chromium 
 

Chromate alternatives generally do not meet all of the chromate requirements, but do 
meet those critical to specific types of applications.  For example, most alternatives do not 
exhibit the colors of standard chromate layers and in some cases dyes are added to simulate 
chromate colors for ease of identification.  Other alternatives are designed only to improve paint 
adhesion and do not provide corrosion protection and are not recommended for use on bare metal 
surfaces.  Because the chemistry of chromate alternatives is different from that of Cr(VI) they do 
not necessarily work as well on all substrate materials.  However, some chromate alternatives 
actually work better than Cr(VI).  For example, a compilation of studies performed by NAVAIR 
showed that a trivalent chromium process (TCP) outperformed or performed equal to Cr(VI) as a 
seal for various types of  aluminum anodize [3].   
 

The approach to reducing/eliminating hexavalent chromium from military coatings 
systems involves using both chromate-free primers and pretreatments.  The primer that was used 
in this demonstration is military performance specification MIL-PRF-23377, Class N (Deft 
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02GN084)[4]. The chromate-free pretreatments demonstrated were silane-based products 
Chemetall Oxsilan 9810/2 and Gardobond AP 9809. 
 

The transition from chromate to non-chromate alternatives in pretreatments and primers 
is still in progress due to the overall reduction in performance when Cr(VI) is replaced across the 
coating system.  Furthermore, the topcoat can have an effect on the corrosion performance of the 
system.  Some of these chromate-free coatings have only recently been developed and have not 
been fully optimized to deliver high performance on multiple substrates.  Laboratory evaluations 
performed during the lab validation phase of this project have shown promising results for use of 
a silane surface treatment on steel.  This demonstration provided additional data to enable an 
implementation decision to be made for the use of  a silane-based product on steel substrates, as 
well as demonstrate a non-chrome (NC) primer and zero-volatile organic compound (ZVOC) 
topcoat system on navy ground support equipment (GSE).   
 
1.2 Objective of the FRC-East, Cherry Point ZVOC Demonstration 
 
 The overall objective of this demonstration was to prove out the effectiveness of a non-
chromate primer used in conjunction with a ZVOC topcoat on low carbon steel (LCS) GSE.  
Currently, these vehicles are painted direct-to-metal (without a pretreatment) using a non-
chromate primer and chromate-free topcoat.  Non-chromate pretreatments, Oxsilan 9810/2 and 
Gardobond AP 9809, were introduced to the coating system as initial laboratory testing showed 
an increase in corrosion performance with the use Oxsilan 9810/2 [5]. Gardobond AP 9809 was 
selected for demonstration based upon the preliminary work performed at FRC-East (FRC-E), Cherry 
Point, NC and their preference for a dry-in-place product [6]. Using a systems approach, this 
demonstration was designed to generate the data necessary to move forward with the 
implementation of an improved non-chromate system  by adding a non-chromate pretreatment 
and changing to asimilar topcoat containing lower VOCs. Authorization and implementation 
decisions were made by appropriate authorities within the DoD.  The demonstration utilized GSE 
a B-210 GT transportation cart and F402 stands at FRC-E. 
 
 Table 1-1 describes the hazards targeted and components used for the demonstration on GSE.  

 
Table 1-1: Target Hazardous Material (HAZMAT) Summary 

 
Target 

HazMat 
Current 
Process Applications 

Current 
Specifications 

Affected 
Programs 

Candidate 
Parts 

VOCs 
 

Direct-to-
metal prime 
and painting 
with no 
chemical 
pretreatment 

Steel 
substrates, 
specifically 
low carbon 
steel 

TT-C-490 [7] 

NAVAIR 17-1-125 [8] 

MIL-DTL-53022 [9] 

MIL-PRF-85285 [10] 

SSPC- VIS 2 [11] 

GSE General 
purpose Carts  

 
1.3 Regulatory Drivers  

 
The Occupational Safety and Health Administration (OSHA) Final Rules effective May 30, 

2006, Federal Register #71:10099-10385 states in part that OSHA has amended the standard 
limiting occupational exposure to Cr(VI) [12].  OSHA has determined that at the current Cr(VI) 
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permissible exposure limit (PEL) workers face a significant risk to material impairment of their 
health.  The evidence in the record for this rulemaking indicates that workers exposed to Cr(VI) 

are at an increased risk of developing lung cancer.  The record also indicates that occupational 
exposure to Cr(VI) may result in asthma and damage to the nasal epithelia and skin.  The final 
rule establishes an 8-hour time-weighted average (TWA) exposure limit of 5 micrograms of 
Cr(VI) per cubic meter of air (5 µg/m3).  This is a considerable reduction from the previous PEL 
of 1 milligram per 10 cubic meters of air (1 mg/10 m3, or 100 µg/m3) reported as chromium 
trioxide (CrO3), which is equivalent to a limit of 52 µg/m3 as Cr(VI).  The final rule also contains 
ancillary provisions for worker protection such as requirements for exposure determination, 
preferred exposure control methods, including a compliance alternative for a small sector for 
which the new PEL is infeasible, respiratory protection, protective clothing and equipment, 
hygiene areas and practices, medical surveillance, record keeping, and start-up dates that include 
four years for the implementation of engineering controls to meet the PEL.  The PEL established 
by this rule reduces the significant risk posed to workers by occupational exposure to Cr(VI) to 
the maximum extent that is technologically and economically feasible.   

 
In April of 2009, a memo from Office of the Secretary of Defense (OSD) was released 

outlining a new policy for reducing the use of Cr(VI) for DoD applications [13]. This memo: 
• Directs the military to approve the use of Cr(VI) alternatives where they perform 

adequately for the intended application and operating environment. 
• Directs the military to update relevant technical documents and specifications to 

authorize the use of qualified alternatives. 
• Requires Program Executive Office (PEO), or equivalent in coordination with the 

Military Department's Corrosion Control and Prevention Executive (CCPE), to certify 
that there is no acceptable alternative to the use of Cr(VI) on a new system.  

 
Effectively, the memo directs DoD military departments to restrict the use of Cr(VI) 

unless no cost-effective alternative with satisfactory performance was identified.  
 

Numerous federal and state environmental regulations apply to paints and coatings.  
NESHAP (40 CFR part 63, subpart GG) states:  “VOC emissions from topcoats shall be limited 
to a VOC content level of no more than: 420 g/L (3.5 lb/gal) of coating (less water and exempt 
solvents) as applied or 540 g/L (4.5 lb/gal) of coating (less water and exempt solvents) as applied 
for general aviation rework facilities.  VOC emissions from self-priming topcoats shall be 
limited to a VOC content level of no more than: 420 g/L (3.5 lb/gal) of self-priming topcoat (less 
water and exempt solvents) as applied or 540 g/L (4.5 lb/gal) of self-priming topcoat (less water) 
as applied for general aviation rework facilities” [14].  Use of a ZVOC topcoat goes beyond 
compliance with these and future regulations because the material is non-toxic and does not 
generate hazardous emissions and/or waste above current regulations as stated above.   
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2.0 DEMONSTRATION TECHNOLOGY 
 

The technologies demonstrated were a ZVOC topcoat, a non-chrome primer, and spray-
applied pretreatment for steel substrates. The pretreatment was applied directly to a properly 
prepared, clean steel surface. All technologies are commercially available products – Deft 
55W002 ZVOC topcoat, Deft 02GN084 non-chrome primer, and Gardobond AP 9809 
pretreatment. Figure 2-1 shows a diagram for the coating system demonstrated on LCS GSE. 
 

 
 

 
 
 
 
 

 

 

 

 

 
 

Figure 2-1: Coatings System Diagram for LCS GSE Demonstration at FRC-E 
 
2.1 Technology Description 
 
2.1.1 Technology Description: ZVOC Topcoat (MIL-PRF-85285, Type III)  
 

The Deft 55W002 ZVOC topcoat (MIL-PRF-85285, Type III) offers the potential for the 
DoD to go beyond environmental compliance in its painting operations.  This coating evolved 
from two previous efforts: the first was the development of a waterborne topcoat that had a VOC 
content of 210 g/l (one-half the maximum allowed VOC for aircraft topcoats) and the other was 
the investigation of less viscous binder systems for aircraft coatings. 
 

Waterborne or water-reducible coatings are unique because they contain resins that are 
usually not soluble in water.  The resin exists in its own micellar phase.  Neutralized carboxylic 
groups and surfactants stabilize the particle.  Excess amine and solvent distribute between the 
phases.  Figure 2-2 illustrates the resin micelle in a waterborne coating [15].  Since the polymer 
exists as its own organic phase surrounded by water, the solvent distributes between the organic 
phase and the aqueous phase.  This solvent, called the coalescing solvent, aids in film formation 
as the water evaporates by allowing binder and pigment particles to fuse into a continuous film. 
 

 

Gardobond AP 9809 

Steel (LCS) 
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Figure 2-2: Schematic Diagram of a Polymer Micelle in a Water-Reducible Coating 
 

Formulations based on emulsion, water-reducible and aqueous colloidal dispersions 
collectively represent one of the most popular alternatives to conventional solvent borne 
coatings.  Since water is used as the primary liquid medium, or as a diluent, formulations based 
on waterborne resins have much lower VOC levels than their solvent borne counterparts.  Recent 
advances in polymer chemistries have eliminated the need for a coalescing solvent resulting in 
the formulation of coatings containing no VOCs and substantially less amounts of hazardous 
materials. 
 

Sherwin-Williams Company has performed engineering studies to investigate the above 
resins, formulate coatings from these resins, test, and demonstrate low VOC waterborne 
topcoats.  This study came out of a Strategic Environmental Research and Development Program 
(SERDP) project initiated by the Navy in October 1992.  Laboratory evaluations of this topcoat 
at the Naval Air Warfare Center Aircraft Division (NAWCAD) have indicated that the topcoat 
meets all the specification requirements.  Field demonstrations were performed on a Navy CH-
46. 
 

An in-house engineering study at NAWCAD investigated epoxy resins and reactive 
diluents for formulation into low VOC topcoats.  This study also came out of a SERDP project 
initiated by the Navy in September 1993.  Two formulations were determined to meet all the 
specification requirements for an epoxy topcoat for use on Naval aircraft; the results of this study 
are published in a technical report [16]. 
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 The results from both of these studies indicated that high-performance topcoats could be 
developed from water-dispersible, novel polymer resins.  The former study validated the use of 
waterborne technology for formulating coatings and the latter determined that improvements 
could be achieved through manipulation of polymer backbone chemistry.  The success obtained 
from both projects attested to the feasibility of a ZVOC topcoat for Naval aircraft applications. 
 
 Topcoats for military fixed-wing aircraft used by the Navy and Air Force are aliphatic 
polyurethanes qualified to the MIL-PRF-85285, “Coating: Polyurethane, Aircraft and Support 
Equipment” formulated to meet their demanding requirements.  For example, during flight, the 
coatings are exposed to a wide temperature range (-54 ºC to 177 °C), high mechanical stresses, 
and rain erosion.  Ground and/or carrier conditions can be severely corrosive, so primers used on 
Naval aircraft are designed to maximize corrosion protection.  
 
 The presence of water is detrimental to the properties of solvent-based systems because it 
participates in a competing reaction with isocyanate to form unstable carbamic acid.  Carbamic 
acid decomposes to form carbon dioxide and amine, which reacts with isocyanate to yield an 
urea.  These adverse reactions decrease the cross-link density of the polymer, which 
detrimentally affect the coating properties.  These solvent-based topcoats have high VOC/HAP 
contents (420 g/L) and are limited to using only hydrocarbon solvents due to the unfavorable 
reaction with water.  Therefore, the VOC content can only be decreased a small amount by using 
exempt solvents. 
  
2.1.2 Technology Description: Deft 02GN084 (MIL-PRF-23377, Type I, Class N) Primer 
 
 Hexavalent chromium is the key component for high-performance corrosion-inhibiting 
primers used on many DoD weapon systems, especially for aviation and aerospace applications. 
While there are various chromate alternatives available, by far the most widely used paint 
primers are the general surface epoxy-polyamide coatings.  These primers provide the basis for 
corrosion protection across substrates, surface conditions, interfaces, environmental exposures, 
and coating systems.  One of the two primer specifications of interest for DoD aviation, the 
primary users of chromated primers, is MIL-PRF-23377: Primer, Epoxy-Polyamide, High-
Solids.  

 
The Deft 02GN084 is a high-solids epoxy-polyamide primer qualified to MIL-PRF-

23377 Type I, Class N.  Previous testing to date at NAVAIR, has shown the Deft 02GN084 to be 
the best commercially available non-chromated primer for aviation and other applications using 
aluminum alloys.  The testing has shown this to be especially true when coupled to other 
galvanically dissimilar materials like titanium, corrosion-resistant steel (CRES), and carbon-fiber 
composite.  The Deft 02GN084 provides excellent general surface and galvanic corrosion 
protection by itself or with a topcoat when used in conjunction with either a Type I or Type II 
pretreatment from military detail specification MIL-DTL-81706, “Chemical Conversion 
Materials for Coating Aluminum and Aluminum Alloys.” In addition, the Deft 02GN084 primer 
has a lower VOC content (2.8 lb/gal) compared to the current MIL-DTL-53022 non-chromium 
primer (3.5 lb/gal) used on GSE.  
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2.1.3    Technology Description: Pretreatments (Chemetall Oxsilan 9810/2 and Chemetall 
Gardobond AP 9809) 
 

A simple silane molecule consists of a silicon atom combined with an organic molecule. 
However, for paint pretreatment, more complex silanes described as “organofunctional” are 
used.  Through proper selection of the organic constituents used in the silane molecule, the 
chemist creates an organofunctional silane molecule which reacts and forms bonds with both 
metal hydroxides on the substrate and organic groups on paint resins.  The organofunctional 
silanes then react with water during the pretreatment supplier’s manufacturing process.  During 
this reaction, they form what are called “polycondensates”.  These retain the paint and metal-
bonding properties of the silane in an easy-to-use form.  This polycondensate is a safe chemical 
form of a “silane” product that is usually commercially available to metal finishers. 
 

During use, as the silane film dries on the pretreated substrate the neighboring hydroxyl 
groups on the silane molecule react with each other to form a dense cross-linked network.  In 
order to further enhance performance, the non-regulated group IV-B metals, such as zirconium, 
are used to selectively and preferentially bond to the metal substrate.  This provides an improved 
corrosion-resistance when compared to a silane-only process.  The composition of these group 
IV-B metals in the silane product is carefully balanced in order to provide the optimized 
deposition rate of the metal onto the substrate which maximizes paint performance.  In effect, a 
dual coating is formed in one step – an inorganic coating and an organofunctional silane coating.  
During coating dry off and/or paint cure, the silane coating crosslinks to provide a durable robust 
coating. 
 

The silane products investigated, Oxsilan 9810/2 and Gardobond AP 9809, are 
phosphorus-free liquids. Oxsilan 9810/2 is slightly acidic with a pH range of 4-6 while 
Gardobond AP 9809 is basic with a pH of 8 - 10.  These silane-based products are intended to 
enhance the performance of organic coatings.  When applied to the substrate, the Oxsilan 9810/2 
and Gardobond AP 9809 organo-silane polymers react at room temperature with the hydroxides 
present in the metal oxide layer of the cleaned metal substrates.  This reaction forms strong 
covalent bonds between the coating and the metal substrate.  As the film dries, neighboring 
hydroxyl groups react with each other to form a dense, interpenetrating, crosslinked network that 
is chemically bound to the metal surface.  See Figure 2-3 for a schematic of the silane-based 
technologies [17]. 
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Figure 2-3: A Schematic of the Oxsilan 9810/2 and Gardobond AP 9809 Technology after 

Reaction with the Substrate has Occurred 
 

Oxsilan 9810/2 and Gardobond 9809 are formulated for use on multiple metals including 
steel, iron, aluminum, and zinc substrates.  They are free of any regulated heavy metals and are 
applied at ambient temperature by either spray or immersion [17]. The Oxsilan 9810/2 used for 
the demonstration at FRC-E was a ready-to-use (RTU) formula. The RTU product helps to 
ensure there are no issues with pH adjustment or improperly mixed concentrations. The 
Gardobond AP 9809 was used at a 2% dilution from the concentrated formula. Environmental 
controls for the application are limited to a minimum GSE surface temperature of 70°F and an 
application dwell of 60-90 seconds. The products were spray-applied to the GSE. The Oxsilan 
9810/2 product was rinsed with clean water and allowed to dry. The Gardobond AP 9809 is a 
dry-in-place product and no rinsing is required. Paint application may begin immediately after 
the surface is dry or after masking. Figures 2-4 and 2-5 are schematics of the spray-applied 
processes for Oxsilan 9810/2 and Gardobond AP 9809 that were investigated at FRC-E. 
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Figure 2-4: Schematic of the Oxsilan 9810/2 Coating Process used on LCS Witness Test 

Coupons for the FRC-E Investigation 
 

 
 

Figure 2-5: Schematic of the Gardobond AP 9809 coating process used on LCS GSE for the 
FRC-E Demonstration 
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2.2       Technology Development 
 
2.2.1 Technology Development: Deft 55W002 (MIL-PRF-85285, Type III) ZVOC Topcoat  
 

A ZVOC topcoat has been developed under a joint Navy-industry effort that was funded 
by SERDP Project PP-65 [18].  This topcoat, formulated by Deft Coatings, Inc., was based on a 
novel urethane chemistry that requires no co-solvent.  Through manipulation of the polymer 
backbone chemistry and the evolution of new surface-active and rheological additives, a water-
reducible polyurethane binder system was developed that contains no organic solvents and emits 
no HAPs.  The ZVOC topcoat offers the potential for the DoD to go beyond environmental 
compliance in its painting operations. 
 

After achieving “Proof of Principle” for ZVOC coating technology under SERDP, the 
project transitioned to Environmental Security Technology Certification Program (ESTCP), 
whose office funded NAWCAD-Patuxent River (PAX) to demonstrate and validate the topcoat 
for use on military aircraft [15]. Successful implementation of this topcoat would result in the 
elimination of approximately 120 tons of VOCs per year based on General Services 
Administration (GSA) estimates of MIL-PRF-85285 usage throughout the DoD [15].   
 

Deft developed a “55 Series” product line that is composed of waterborne, two-
component polyurethane topcoats suitable for exterior application on aircraft and GSE.  
Component A is a pigmented, waterborne polyester polyol resin.  Component B is a clear, non-
pigmented aliphatic polyisocyanate resin, which acts as a hardener or curing agent for 
Component A.  When the “55 Series” polyurethane topcoats are used over an epoxy primer, such 
as MIL-PRF-23377, they provide protection against weathering, humidity and salt spray.  The 
cured films are resistant to jet fuels, lubricating oils and hydraulic fluids.  The “55 Series” 
polyurethane topcoats meet current standards for high/low temperature flexibility and impact 
resistance.  The 55W002 product that is qualified as a MIL-PRF-85285, Type III, Class W 
coating was used for this demonstration.   
 
2.2.2 Technology Development: Deft 02GN084 (MIL-PRF-23377, Type I, Class N) Primer 
 

Non-chromated primers rely more on the quality of surface preparation and coatings 
compared to chromated primers.  This variation is not reflected in specification testing and poses 
an increased technical risk when the non-chromated primer may potentially be combined with 
non-chromated pretreatments, anodize/seals, or non-cadmium/non-chromated sacrificial 
coatings.  Currently, most alternatives to chromated coatings have been characterized and 
implemented based upon coatings system combinations utilizing chromate somewhere in the 
coating stack-up.  For example, non-chromated sacrificial coating post-treatments or non-
chromated pretreatments have been assessed in conjunction with chromated primers, or non-
chromated primers have been assessed when applied over chromated pretreatments or chromate 
sealed anodized surfaces.   

 
Deft 02GN084 is a mature technology with broad characterization data available.  It is a 

current state of the art product and is the best MIL-PRF-23377, Type I available alternative.  
NAWCAD – PAX is involved with a number of demonstrations/validations or transitions of Deft 
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02GN084, some of which include the following: NAVAIR T-45, NAVAIR Tie-Coat, NAVAIR 
E-2, US Army Aviation, and USAF F-15.  Laboratory testing conducted at Army Research 
Laboratory (ARL) and NAWCAD – PAX has shown an increased benefit to corrosion resistance 
when using this primer on steel substrates. 
 
2.2.3   Chemetall Oxsilan 9810/2 and Gardobond AP 9809 
 

As previously mentioned, the selection of the Oxsilan 9810/2 and Gardobond AP 9809 
products as pretreatments in this demonstration was based on several factors: 1) the laboratory 
results for Oxsilan 9810/2 were favorable versus other alternatives and the baseline technologies 
targeted for replacement,[5] 2) Oxsilan 9810/2 and Gardobond AP 9809 products are more 
desirable because they contain no chrome, and 3) FRC-E has experimented with the Gardobond 
AP 9809 product in the past and is comfortable with the product requiring a dry-in-place process 
[19].   

 
Preliminary work performed by FRC-E in an effort funded by DLA supported the use of 

the Gardobond AP 9809 pretreatment in this demonstration [6].  Gardobond AP 9809 is an easy-
to-use, pH neutral, silane/titanium-based, dry-in-place pretreatment. Oxsilan 9810/2 is a high-
performance, silane/zirconium-based pretreatment that is normally rinsed after coating [20]. 
Currently, the coating system for steel GSE structures consists primarily of abrasive blast/no 
pretreatment, MIL-PRF-53022 Type II epoxy primer and either a MIL-PRF-85285 Type II 
polyurethane topcoat or a MIL-PRF-22750 epoxy topcoat.  Several directed efforts were made 
towards improving the adhesion and corrosion performance of the current coating system. 

 
2.3 Advantages and Limitations of the Technology 
 

The advantages and limitations of the demonstrated technologies as compared to the 
current process used for GSE at FRC-E are listed in the following sub-sections. 
 
2.3.1 ZVOC Topcoat (MIL-PRF-85285, Type III)  
 
Advantages: 

• The new topcoat will require no additional maintenance than that required by standard 
coating systems. 

• Avoidance of hard emission controls and fines. 
• Elimination of VOCs from the topcoating process. 
• Reduced waste generated costs and waste disposal costs. 
• Improved safety for worker exposure/facility environment. 

 
Limitations: 

• Learning curve associated with the application of a new coating. 
• Waterborne systems require more pre-paint surface preparation. 
• Required multiple cross-coat applications.  The standard operating procedure for FRC-E 

GSE paint shop is one heavy cross-coat application to achieve sufficient coverage over 
parts. 
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2.3.2 Deft 02GN084 (MIL-PRF-23377, Type I, Class N) Primer 
 
Advantages: 

• The new primer will require no additional maintenance than that required by standard 
coating systems. 

• Avoidance of hexavalent chromium. 
• Reduced waste generated costs and waste disposal costs. 
• Improved workspace/facility environment. 
• When used by shop personnel, the primer sprayed well and achieved uniform coverage in 

one coat. 
 
Limitations: 

• Non-chromate primers are more susceptible to pre-paint surface preparation. 
• Deft 02GN084 primer costs twice as much as currently used MIL-DTL-53022 primer. 

 
2.3.3  Chemetall Oxsilan 9810/2 Pretreatment 
 
Advantages:  

• Has a history of improving coating adhesion on steel. 
• Improves performance of organic coatings by providing better adhesion of the primer. 
• Easy to apply, drop in replacement for chromates.  
• Low process risk of stress corrosion cracking. 
• No hexavalent chromium. 
• The ability to spray-on and force dry after a 1-minute dwell time allows for minimal 

disruption to production schedules. 
• RTU formulation reduces mixing and pH adjustment error 

 
Limitations: 

• Requires some personal protection equipment. 
• Not designed to provide uncoated corrosion protection or flash rust inhibition. 
• No color change to substrate surface making full coverage difficult to detect. 
• Requires a rinse after application.  

 
2.3.4  Chemetall Gardobond AP 9809 Pretreatment  
 
Advantages:  

• Has a history of improving coating adhesion on steel. 
• Improves performance of organic coatings by providing better adhesion of the primer. 
• Easy to apply, drop in replacement for chromates.  
• No hexavalent chromium. 
• Does not require a rinse after application.  
• The ability to spray-on and force dry after a 1-minute dwell time allows for minimal 

disruption to production schedules. 
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Limitations: 
• Requires some personal protection equipment. 
• Not designed to provide uncoated corrosion protection or flash rust inhibition. 
• No color change to substrate surface making full coverage difficult to detect. 
• Requires mixing prior to application, therefore introducing potential mixing and pH 

adjustment error.  
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3.0 PERFORMANCE OBJECTIVES 
 

The performance objectives with acceptance criteria for the demonstrated technologies 
were evaluated in accordance with the tests delineated in the Joint Test Protocol (JTP) provided 
in Appendix B [21]. The functional performance objectives are summarized in Table 3-1. The 
primary material used in the construction of the GSE is the milled finish LCS. Performance 
objectives were achieved using LCS as the base metal. The existing direct-to-metal process 
currently used on GSE components is considered the baseline process. 

Table 3-1: Performance Objectives for ZVOC Coating System over Two Non-Chrome Steel 
Pretreatments 

 
Performance 

Objective 
Data 

Requirements Success Criteria Results 

Quantitative Performance Objectives 
Oxsilan 9810/2 

(Coupon 
Testing) 

Gardobond 
AP 9809 (Field 

Testing) 
Adhesion Test 
 

ASTM-4541   
Pull-off 
Adhesion 
 
 
ASTM- D3359  
Dry Adhesion 
 
 
Modified 
ASTM D3359/ 
FED STD 141, 
Method 6301.3 
Wet Adhesion 

No interlayer pull-off 
failure between topcoat 
and primer shall be 
below 1200 psi. 
 
Adhesion rating (steel) 
≥ 4B. 
 
 
 
Scribed area rating 
(steel) ≥ 3A after 24 
hours at ambient. 

Met 
 
 
 

Met 
 
 
 

Met 

N/A 
 
 
 

Met* 
 
 
 

Met* 

Chip Resistance 
 

SAE-J400 
 

After one cycle, chip 
rating NLT 5B for steel. Not Met** N/A 

Accelerated 
Corrosion  
 

GM-9540P 
Cyclic 
Corrosion  
ASTM D 1654 

After 60 cycles: steel 
substrate rating ≥ 5, 
scribed. 
 

 
Met 

 
N/A 

Humidity 
Testing 
 
 
 
 

ASTM D2247 
and MIL-PRF-
85285 
 
 
 

After 30 days exposure, 
the coating shall not 
exhibit any signs of 
color change, blistering, 
loss of adhesion or 
softening. 

 
 

Not Met*** 
 

 

N/A 

Field Exposure, 
Static 
 
 
 
 
 

Tropical climate 
exposure at 
Cape Canaveral 
Outdoor Site. 
ASTM D 1654 
ASTM G50 

Three years of 
exposure: 
coupon has a minimum 
of 25% less creepage 
from scribe than current 
corrosion protection 
system 

 
N/A 

 
N/A 
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Toxicity 
Clearance  
 
 

Toxicity 
clearance and 
full disclosure 
from CHPPM 

Approved by processing 
facility 
 
 

 
Met 

 
N/A 

Processing time 
 

TT-C-490 
 

Equivalent or less than 
existing process 

 
Met Met 

Field Testing, 
On-Vehicle 

ASTM D 1654 
ASTM D 714 
01-1A-509-2, 
Wet Tape 
Adhesion 

Two years exposure 
greater than or equal to 
the base vehicle 
baseline sample using 
Society for Protective 
Coatings SSPC-VIS 2 
“Standard Method for 
Evaluating the Degree 
of Rusting on Painted 
Steel Surfaces” and 
Tape Adhesion 

N/A Met 

Qualitative Performance Objectives 
 Ease of use Feedback from 

field technician 
on usability of 
technology and 
time required 
during 
demonstration 

No operator training 
required 

N/A Met 

 
* Preliminary Testing performed by FRC-E.  Refer to section 2.2.3 for more information. 
** The chip resistance objective for Oxsilan 9810/2 did not meet the minimum performance 
requirement. However, Oxsilan 9810/2 did meet performance requirements such as adhesion and 
corrosion resistance that were significant to the needs of FRC-E. 
*** The humidity objective for ZVOC coating system did not meet the performance 
requirements; however, the outdoor exposure testing performed to date and the demonstration at 
FRC-E did not show reason for concern. Laboratory testing results were noted and if 
performance issues arise in the future, an additional investigation will be performed.   
 
3.1     Adhesion Test 
 

Adhesion testing is relevant to the demonstration as it ensures adhesion properties of the 
new coating system are better than or equivalent to the coating system currently used on GSE. 
Adhesion testing includes dry tape adhesion and wet tape adhesion at 24 hour (hr) and 96hr. 

• Dry tape adhesion – Dry tape adhesion was assessed in accordance with ASTM D 
3359 and met performance requirements. Refer to section 5.1.2.1 for procedure and 
rating criteria and section 6.1.1 for results. 

• Wet tape adhesion – Wet tape adhesion was assessed in accordance with FED-STD-
141, Method 6301.3 and ASTM D 3359 and met performance requirements. Refer to 
section 5.1.2.2 for procedure and rating criteria and section 6.1.2 for results. 

• Pull-off adhesion – Pull-off adhesion was assessed in accordance with ASTM 4541 
and met performance requirements.  Refer to section 5.1.2.3 for procedure and rating 
criteria and section 6.1.3 for results.  
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3.2       Chip Resistance 
 

The chip resistance testing is relevant to the demonstration as it reproduces the effect of 
gravel or other media striking exposed painted and/or coated surfaces of a vehicle and has been 
correlated to actual field results. Chip resistance testing was performed in accordance with 
Society of Automotive Engineers specification SAE J400 and did not meet performance 
requirements. Refer to section 5.1.2.5 for procedure and rating criteria and section 6.1.5 for 
results. 

 
3.3       Accelerated Corrosion – Cyclic Corrosion GM9540P 

 
Accelerated corrosion testing is relevant to the demonstration as it determines coating 

performance when exposed to a range of environmental conditions (dry heat, wet, humid, etc.). 
Results from accelerated corrosion testing provide a faster indication of how the coating system 
may perform in real world environmental conditions. Accelerated corrosion testing was 
assessed in accordance with General Motors specification GM 9540P met performance 
requirements. Refer to section 5.1.2.4 for procedure and rating criteria and section 6.1.4 for 
results. 

 
3.4       Humidity Testing 

 
Humidity testing is relevant to the demonstration as it determines coating performance 

when exposed to environmental conditions of 100% relative humidity at an elevated temperature 
of 120°F. This exposure testing is a requirement for the ZVOC specification. Humidity testing 
was assessed in accordance with ASTM D 2247 [22] and MIL-PRF-85285 and met performance 
requirements. Refer to section 5.1.2.6 for procedure and rating criteria and section 6.1.6 for 
results. 
 
3.5       Outdoor Exposure 
 

Outdoor exposure testing is relevant to the demonstration as it determines coating 
performance when exposed to real world environmental conditions. Although this test is more 
accurate than accelerated corrosion testing, it takes much longer to obtain results and therefore is 
often run concurrently with accelerated testing. Outdoor exposure testing was assessed in 
accordance with ASTM D 1654 [23] and ASTM G 50 in a tropical climate exposure Cape 
Canaveral Air Force Station in Florida and met the performance requirements. Refer to section 
5.1.2.7 for procedure and rating criteria and section 6.1.7 for results. 
 
3.6       Field Testing 
 

Field testing is relevant to the demonstration as it determines coating performance when 
utilized in a real world application. Testing was performed on sections of a GSE in order to 
compare and validate the alternative technology to the standard process. Field testing was 
assessed in accordance with ASTM D 1654 and ASTM D 714 at FRC-E on B-210 GT cart and 
F402 stands and met the performance requirements. Refer to section 5.2 for procedure and rating 
criteria and section 6.2 for results. 
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4.0 SITE/PLATFORM DESCRIPTION 
 
4.1 Test Platforms/Facilities 
 

FRC-E was selected as a site for the demonstration for several reasons. FRC-E was 
exhibiting corrosion issues with their GSE and had expressed the need for a solution.  The 
currently used paint system was not preventing corrosion as they would expect.  The paint 
systems on GSE were all experiencing similar corrosion failures.  By demonstrating the Deft 
02GN084 primer and the ZVOC topcoat, in conjunction with the Gardobond AP 9809 product, 
the corrosion resistance of the GSE was expected to improve.  NAVAIR-PAX has maintained a 
long-standing, productive working relationship with FRC-E through previous laboratory and 
demonstration efforts.  These factors provided this demonstration with the best chance of 
success.  All of the work was performed on-site at FRC-E.  During the demonstration, GSE were 
maintained and operated on-site at FRC-E, therefore enabling them to be easily tracked.  GSE 
inspections took place every 6 -12 months dependent upon availability.  
 
4.2 Present Operations 
 

As mentioned earlier in this report, a typical coating system is defined as a 3-part process: 
pretreatment in direct contact with a properly prepared substrate, followed by an epoxy primer, 
and a polyurethane-based topcoat.  FRC-E uses a direct-to-metal MIL-DTL-53022 primer and 
MIL-PRF-85285 polyurethane topcoat with VOC content >50 g/L. No chemical pretreatment is 
used. Figure 4-1 is a flow diagram for the currently used GSE paint process at FRC-E. 

 
Figure 4-1: Typical Flow Diagram of the Current Process for GSE at FRC-E 

 
The demonstrated process was not expected to add an additional step to the current 

process because the solvent wipe would be omitted and replaced with the pretreatment in order 
to incorporate the silane product. The addition of the Gardobond AP 9809 pretreatment and the 
use of the Deft 02GN084 primer and the ZVOC topcoat was expected to significantly increase 
time between maintenance cycles by providing improved corrosion protection.  The additional 
time required for the pretreatment step would be far less than the time saved between 
maintenance cycles.   
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4.3 Site-Related Permits and Regulations 
 
 Additional site related permits or regulations were not required for the demonstration to 
be conducted at FRC-E.  The facility has had the capability to process and apply topcoats, 
primers, and pretreatments.  FRC-E also holds the necessary documentation to perform the 
demonstrated chemical pretreatments and dispose of any waste if necessary. 
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5.0 TEST DESIGN 
 
In order to provide FRC-E with an optimal coating system to enhance corrosion prevention, it 

was decided to incorporate the Gardobond AP 9809 pretreatment with the Deft 02GN084 primer and 
the ZVOC topcoat for demonstration purposes. As previously mentioned, Gardobond AP 9809 was 
selected over the Oxsilan 9810/2 based upon the preliminary work performed at FRC-E, described in 
the previous sections, and their preference for a dry-in-place product. It is anticipated that the use of a 
full coating system (pretreatment/primer/topcoat) will decrease costs by increasing the coating life 
cycle of the GSE and decreasing the down-time for repairs/rework. 
 
5.1      Conceptual Experimental Design  
 

The details of the laboratory testing are provided in Appendix B. Many alternative 
pretreatments available for steel substrates had previously not been evaluated for use on LCS.  
For this reason, it was crucial to test these alternatives on LCS substrates. The Oxsilan 9810/2 
was laboratory validated on LCS test coupons in accordance with the JTP.  In addition to the 
laboratory validation, field testing of Gardobond AP 9809 on GSE components was conducted.  
 
5.1.1    Laboratory Experimental Procedure  
 
5.1.1.1    Sample Preparation  
 

The experiments were conducted using 4” x 6” x 3/16” test coupons fabricated from LCS 
A366 steel substrate. The LCS test coupons remained as-received and had a smooth ground surface 
finish of approximately 100-63 micro-inches (μ in).  Oxsilan 9810/2 pretreatment was applied by the 
vendors in order to eliminate inconsistencies in the processes. The primer and topcoats were applied 
by the ARL personnel at NAWCAD-PAX. The test matrix shown below in table 5-1 was used to 
evaluate the ZVOC (MIL-PRF-23377/MIL-PRF-85285) and Chemical Agent Resistant Coating 
(CARC) (MIL-DTL-53022/MIL-PRF-53039) coating systems on LCS.  
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Table 5-1: Test Matrix for LCS and HHA 
 

 
Coating system 

 
Tests 

 
Baseline 

 
Alternatives 

 
Abrasive 
Blast 

 
Chemetall 

Oxsilan 9810/2 
 
 

ZVOC 

Humidity 2 2 
Pull-off Adhesion 3 3 

Wet Adhesion 2 2 
Chip Resistance 1 1 

GM 9540P 3 5 
Outdoor Exposure 3 3 

 
 

CARC 

Humidity 2 2 
Pull-off Adhesion 3 3 

Wet Adhesion 2 2 
Chip Resistance  1 1 
GM 9540P 3 5 

Outdoor 
Exposure 

3 3 

 
 
5.1.2 Laboratory Test Requirements and Procedures 

 
Table 5-2 lists all performance testing requirements identified by stakeholders for 

evaluating candidates on commonly used steel substrates.   
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Table 5-2: Performance Testing Requirements 
 
Section Test Acceptance 

Criteria, 
Minimum 

Performance (MP) 

Acceptance 
Criteria, 

Improved 
Performance 

(IP) 

Acceptance 
Criteria, 

Best Performance 
(BP) 

Test Method 
References 

 

5.1.2.1 
 

Adhesion 
(Dry) 

Adhesion rating > 4B 
 

N/A Adhesion rating = 
5B 

ASTM D3359 

5.1.2.2 Adhesion 
(Wet) 

Scribed area rating > 
3A after 24 hours at 

ambient 

Scribed area rating 
> 3A after 96 hours 

at 120°F 

Scribed area rating > 
4A after 168 hours 

at 150°F 

Fed-STD 141, 
Method 6301.3 
ASTM D3359 

5.1.2.3 Adhesion 
(Pull-off) 

 

Minimum average 30 
events rating of  

1200 PSI 

Minimum average 
30 events rating of 

1800 PSI 

Minimum average 
30 events rating of 

2500 PSI 

ASTM D 4541 

5.1.2.4 Corrosion 
Resistance 
(Cyclic) 

After 60 cycles: 
average rating > 5 

scribed 

After 60 cycles: 
average rating > 7 

scribed 

After 60 cycles: 
average rating > 9 

scribed 

GM 9540P 
ASTM D714 

ASTM D1654 
5.1.2.5 Chip 

Resistance 
After one cycle, chip 

rating NLT 5B  
After one cycle, 

chip rating NLT 7C 
After one cycle, 

chip rating NLT 9C  
SAE J400 

5.1.2.6 Humidity 
Resistance 

Test 

There shall be no signs of blistering, softening, or exhibiting any 
loss of adhesion for no less than 30 days exposure in a humidity 

cabinet maintained at 49C +/- 2C (120F +/-3F) and 100% relative 
humidity (RH) 

ASTM D2247 
MIL-PRF-85285 

NLT = not less than 
 

5.1.2.1  Adhesion (Dry - ASTM D3359)  
 
5.1.2.1.1 Scope 
 

This test method assessed the adhesion of coatings to substrates by applying and 
removing pressure-sensitive tape over cuts made in the coating. 
 
5.1.2.1.2 Equipment 
 
Tape - 3M 250 NOTE: 3M tape has a one-year shelf life.  Utilizing the tape after this time may 
yield inaccurate results.   
 
Roller - A 4.5-pound rubber-covered roller 
 
5.1.2.1.3  Procedure 
 
Dry tape adhesion tests were conducted at room temperature as defined in ASTM D 3924. 

 
Test Coupons - Six test coupons were prepared for laboratory testing.  For laboratory testing, use 
102 x 152 mm (4" x 6" test coupons, composed of the material that is utilized in the end 
application)   
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Preparation - Using test coupons incorporating the alternative technology, the dry film thickness 
was measured in at least five areas.  Cuts were made in the coating system per ASTM D3359.  
Two laps of tape were removed and discarded.  An additional length of tape was removed and a 
piece approximately 76 mm (3") long was cut.  The center of the tape was placed over the grid 
and smoothed into place by passing the roller over the area once. 
 
Test Procedure - Within 90 + 30 seconds of tape application, the tape was removed by holding 
the free end and rapidly pulling (not jerking) back upon itself at as close to an angle of 180°as 
possible. 
 
Test Results - The grid area was inspected for removal of coating from the substrate or from a 
previous coating.  The adhesion was rated in accordance with ASTM D3359, Test Method B. 
Figure 5-1 shows cross-cut adhesion rating criteria. 
 

 
 

Figure 5-1: Cross-Cut Adhesion Rating Criteria 
 
Report - All data was reported per ASTM D3359, Test Method B.   
 
5.1.2.1.4  Acceptance Criteria 
 
Table 5-3 shows the acceptance criteria for dry tape adhesion testing. 
 

Table 5-3: Acceptance Criteria for Dry Tape Adhesion 
 

Substrate Acceptance 
Criteria, 

Minimum 
Performance (MP) 

Acceptance Criteria, 
Improved 

Performance (IP) 

Acceptance Criteria, 
Best Performance 

(BP) 

Steel Adhesion rating > 
4B 

N/A Adhesion rating = 
5B 
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5.1.2.2  Adhesion (Wet – Modified ASTM D3359/FED-STD-141, Method 6301.3) 
 
5.1.2.2.1  Scope 
 
 This test method describes the procedure and conditions for assessing the wet adhesion of 
coatings to metallic substrates by applying and removing pressure-sensitive tape over cuts made 
in the coating. 
 
5.1.2.2.2   Equipment 
 
Tape - 3M 250 NOTE: 3M tape has a one-year shelf life.  Utilizing the tape after this time may 
yield inaccurate results.   
 
Roller - A 4.5-lb rubber-covered roller 
 
5.1.2.2.3 Procedure 

 
Test Coupons - Two test coupons were used for laboratory testing.  Test coupons size 4" x 6" 
were used. The coupons were composed of LCS, the material that was utilized in the 
demonstration.   
 
Preparation - Test coupons incorporating the alternative coating systems were used. Dry film 
thickness was measured in at least five areas. 
 
Test Procedure - Test coupons were immersed in ambient (room temperature) distilled water for 
24 hours.  For improved performance, the test coupons were immersed in distilled water 
maintained at 49 + 2°C (120 + 4°F) for 96 hours.  Test coupons were removed from the water 
and wiped dry with a soft cloth.  Within 90 + 30 seconds after removal from the water, cuts were 
made in the coating system with two parallel lines, 19 mm (0.75") apart, and an “X” scribe was 
placed within the parallel lines.  The “X” lines were made about 38 mm (1.5") long and 
intersecting at 30–45 degrees in the center of the parallel lines.  Two laps of tape were removed 
and discarded.  An additional length of tape was removed and a piece approximately 75 mm (3") 
long was cut.  The center of the 25 mm (1") wide tape was placed over the center of the “X” and 
smoothed into place by passing the roller over the area once.  The tape was removed by holding 
the free end and rapidly pulling (not jerking) back upon itself at as close to an angle of 180° as 
possible. 
 
Test Results - The adhesion was rated in accordance with ASTM D3359, Method A “Measuring 
Adhesion by Tape Test – X-Cut Tape Test.” 
 
Report - All wet tape adhesion data was reported per ASTM D3359, Method A.   
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5.1.2.2.4  Acceptance Criteria 
 

Table 5-4 shows the acceptance criteria for wet tape adhesion testing. 
 
 

Table 5-4: Acceptance Criteria for Wet Tape Adhesion 
 

Parameter Acceptance Criteria, 
Minimum 

Performance (MP) 

Acceptance Criteria, 
Improved 

Performance (IP) 
Scribed Area 

Rating > 4A > 4A 
Immersion Period 24 hours 96 hours 

Water Temperature ambient 49°C (120°F) 
 
5.1.2.3 Adhesion (Pull off - ASTM D-4541) 
 
5.1.2.3.1 Scope 
 

This test method covers a procedure for evaluating the pull-off strength (commonly 
referred to as adhesion) of a coating by determining either the greatest perpendicular force (in 
tension) that a surface area can bear before a plug of material is detached, or whether the surface 
remains intact at a prescribed force (pass/fail).  Failure will occur along the weakest plane within 
the system comprised of the test fixture, adhesive, coating system, and substrate, and will be 
exposed by the fracture surface.   
 
5.1.2.3.2 Equipment 
 
Adhesion Tester - An Elcometer Model 108 Hydraulic Adhesion Test Equipment (HATE) was used 
to obtain the pull-off adhesion strength in pound per in2 (psi). 
 
Loading Fixtures - The apparatus included a loading fixture commonly referred to as a “dolly” 
which was secured normal to the coating surface using Instabond™ S-100 cyanoacrylate adhesive.  
 
5.1.2.3.3 Procedure 
 
Test Coupons - Ten test pulls were used for the laboratory testing. 
 
Preparation - There were a few physical restrictions imposed by the general methods and 
apparatus.  The following requirements applied: 

• The selected test area was a flat surface large enough to support the test fixture. 
• The selected area had enough perpendicular and radial clearance and was rigid 

enough to support the counter force. 
 

Test Procedure - The loading fixture and the coating surface to be bonded were cleaned. Only 
solvents that would not attack the coating and/or leave residues on the fixture were used.  The 
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adhesive was allowed to cure for 24 hours at 25°C in 50% relative humidity conditions before the 
attached dolly was inserted into the test apparatus. The load applied by the apparatus was 
gradually increased and monitored on the gauge until a plug of coating was detached. The failure 
tension in pounds per square inch was recorded in addition to the failure mode and location 
within the coating system. The pull-off test apparatus and dolly configuration are illustrated in 
figure 5-2. 
 

 
 

Figure 5-2: Elcometer Model 108 Hydraulic Adhesion Test Equipment (HATE) Pull-off Test 
Apparatus 

 
Test Results - The average results of each set of data were rated.  
 
5.1.2.3.4  Acceptance Criteria 
 
Table 5-5 shows the acceptance criteria for pull-off adhesion testing. 
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Table 5-5: Acceptance Criteria for Pull-Off Adhesion Testing 
 

Substrate Screening 
Test 

Acceptance 
Criteria, 

Minimum 
Performance 

(MP) 

Acceptance 
Criteria, 

Improved 
Performance 

(IP) 

Acceptance 
Criteria, 

Best Performance 
(BP) 

Steel 
 

Minimum 
average 10 

events 
rating of  
1200 PSI 

Minimum average 
30 events rating of  

1200 PSI 

Minimum average 
30 events rating of 

1800 PSI 

Minimum average 
30 events rating of 

2500 PSI 

 
5.1.2.4 Corrosion Resistance- Cyclic GM9540P 
 
5.1.2.4.1 Scope 
 
This test method describes a field-correlated, laboratory corrosion test method for determining 
cosmetic corrosion performance that provides a combination of cyclic conditions (salt solution 
immersion, temperature, and humidity) to accelerate the corrosion process. 
 
5.1.2.4.2 Equipment 
 
Test Cabinet - Test cabinet with the ability to obtain and maintain the required environmental 
conditions as specified in GM9540P. An Autotech Model CCT-NC-30 test cabinet was used for 
cyclic corrosion in accordance with GM9540P.  
 
5.1.2.4.3 Reagents 
 
The standard 0.9% NaCl, 0.1% CaCl2, 0.25% NaHCO3 test solution was used in the test 
chamber. Sodium chloride, which was substantially free of nickel and copper and contained no 
more than 0.1% sodium iodide and 0.3% total impurities by weight.  
 
5.1.2.4.4 Procedure 
 
Test Coupons - Three test coupons were selected for the 80 cycle duration.   
 
Preparation Test coupons were scribed with an X scribe through the coating system, ensuring 
that the scribe line went all the way through the coating to the substrate.  The scribed test 
coupons and reference coupons were placed in the chamber at an angle of 15° from the vertical 
with the scribed surface facing upwards.  The salt solution was prepared per GM9540P and the 
pH was measured prior to the start of the test and on a weekly basis thereafter.  
 
Test Procedure - The GM 9540P test consisted of 18 separate stages listed in table 5-6. 
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Table 5-6: Cycle Details for the GM 9540P Cyclic Corrosion Test 
 

Interval Description Time 
(min) 

Temperature 
(±3°C) 

1 Ramp to salt mist 15 25 
2 Salt mist cycle 1 25 
3 Dry cycle 15 30 
4 Ramp to salt mist 70 25 
5 Salt mist cycle 1 25 
6 Dry cycle 15 30 
7 Ramp to salt mist 70 25 
8 Salt mist cycle 1 25 
9 Dry cycle 15 30 

10 Ramp to salt mist 70 25 
11 Salt mist cycle 1 25 
12 Dry cycle 15 30 
13 Ramp to humidity 15 49 
14 Humidity cycle 480 49 
15 Ramp to dry 15 60 
16 Dry cycle 480 60 
17 Ramp to ambient  15 25 
18 Ambient cycle 480 25 

 
After every 20 cycles, test coupons were removed.  The scribe creepback values were 

recorded for test coupons in accordance with ASTM-D1654.   
 
Test Results - At the conclusion of the exposure period, the test coupons were removed and 
rinsed.  Test coupons were scraped side-to-side with the putty knife at a 30° contact angle.  The 
creepage of the test coupons was evaluated per ASTM D1654 for scribed areas and ASTM D714 
for unscribed areas.  The corrosion or loss of coating extending from the scribe mark was rated 
(using the worst case for the rinsed or scraped methods) and the unscribed areas were evaluated 
for corrosion spots, blisters, and any other types of failure that occurred.   
 
Report - All information required in ASTM D714 and ASTM D1654 was reported. 
 
5.1.2.4.5          Acceptance Criteria 
 
Table 5-7 shows the acceptance criteria for GM 9540P corrosion resistance testing. 

 



 37  
 

Table 5-7: Acceptance Criteria for GM 9540P Corrosion Resistance Testing 
 

Parameter Screening Test 
Acceptance Criteria 

Acceptance 
Criteria, Minimum 
Performance (MP) 

Acceptance 
Criteria, Improved 
Performance (IP) 

Acceptance 
Criteria, Best 
Performance  

(BP) 
Cycles 40 60 60 60 

Scribed Area 
Rating > 4 > 5 > 7 > 9 

Unscribed Area 
Rating > 5F > 6F > 6F > 8F 

 
5.1.2.5 Chip Resistance (SAE J400) 
 
5.1.2.5.1 Scope 
 

The chip resistance test is designed to reproduce the effect of gravel or other media 
striking exposed painted and/or coated surfaces of a vehicle and has been correlated to actual 
field results.  The purpose of this test is to evaluate the chip resistance of flat test coupons 
incorporating the alternative technologies. 

 
5.1.2.5.2  Procedure 
 

Prior to beginning the test, each coupon was digitally photo documented. The coupons 
were then subjected to chip resistance testing IAW SAE J400 at ambient temperature using a Q-
Lab Gravelometer. See figure 5-3 for example of gravelometer test equipment used.  
 

 
 
Figure 5-3: Example of the Q-Lab Gravelometer used to measure chip resistance per SAE J400 

and the area of the coupon evaluated 
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The test coupons were held in a 45° angle coupon holder and an air pressure was used to 
propel gravel at the sample. The test sample was then removed and gently wiped off with a clean 
cloth. Tape (3M #898 filament strapping tape as specified in SAE J400) was then applied to the 
entire tested surface in order to remove any loose fragments of the coating. The tested coupon 
was then compared to standard SAE transparencies to determine a chipping rating.  
 

Coupons were again digitally photographed following tests and rated using SAE J400. 
The rating for each coupon was recorded. The total number of chips inside a 4”x4” grid (16 in2 
area) using a transparency overlay was counted and the rating obtained using Table 5-8. The 
average size of the chips was measured and rated using Table 5-9. For coupons without a 
dominant chip size, the second most prevalent chip size was included (for example, a “B/A” 
rating had at least 2/3 chips of size “B” and 1/3 chips of size “A”). 
 

Table 5-8: Rating for Number of Chips within 4" x 4" Grid Lines 
 

Rating 
Number 

# of Chips 

10 0 
9 1 
8 2–4 
7 5–9 
6 10–24 
5 25–49 

 
Table 5-9:  Rating for Size of Chips 

 
Rating Letter Size of Chips 

A < 1 mm (approximately 0.03") 
B 1–3 mm (approximately 0.03–

0.12") 
C 3–6 mm (approximately 0.12–

0.25") 
D > 6 mm (> approximately 0.25") 

 
Test Results - The resistance of the coating surface to chipping by gravel impact was visually 
evaluated using the transparent grid and the rating scheme in Tables 5-8 and 5-9. 
 
Reports - The summarized number-letter rating and all applicable test conditions were reported.   
 
5.1.2.5.3 Acceptance Criteria 
 
Table 5-10 shows the acceptance criteria for chip resistance testing. 
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Table 5-10: Acceptance Criteria for Chip Resistance Testing 
 

Substrate Acceptance Criteria, 
Minimum 

Performance (MP) 

Acceptance Criteria, 
Improved 

Performance (IP) 

Acceptance 
Criteria, Best 

Performance (BP) 
Steel After one cycle, chip 

rating not less than 
5B 

After one cycle, chip 
rating not less than 7C 

After one cycle, 
chip rating not less 

than 9C 
 

5.1.2.6 Humidity Resistance Test (MIL-PRF-85285 and ASTM D2247) 
 
5.1.2.6.1 Scope 
 

This practice covers the basic operating procedures for testing water resistance of 
coatings by exposing coated coupons in an atmosphere maintained at 100% relative humidity so 
that condensation forms on the test coupons.  
 
5.1.2.6.2 Reagents 
 

Reagent water conforming to the requirements of Type IV for Specification D 1193 was 
used in the humidity test chamber. 
 
5.1.2.6.3 Procedure 
 

The humidity resistance test exposes the coated coupons in an atmosphere at 100% 
relative humidity and in a temperature at 120°F to evaluate water resistance of coatings. This test 
was performed in accordance with ASTM D 2247, Standard Practice for Testing Water 
Resistance of Coatings in 100% Relative Humidity; and MIL-PRF-85285 which states the 
coating should be exposed for no less than 30 days in humidity cabinet without blistering, 
softening, or exhibit any loss of adhesion.     
 
Preparation: 

o Scribed a line through the coating. 
o Place steel coupons on a rack inside a humidity cabinet.  
o Inspect the incision area and the unscribed coupons for blisters, loss of adhesion, and 

softening.  
 
Test Results - Wipe the test coupons dry and inspect for any signs of color change, blistering, 
loss of adhesion, softening, or embrittlement in accordance with ASTM D 2247 and MIL-PRF-
85285.   

Report - Report observations in accordance with ASTM D 2247 and MIL-PRF-85285.  
 
5.1.2.6.4 Acceptance Criteria 
 
 Table 5-11 shows the acceptance criteria for humidity testing. 
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Table 5-11: Acceptance Criteria for Humidity Testing 

 
Test Acceptance 

Criteria, 
Minimum 

Performance 
(MP) 

Acceptance 
Criteria, 

Improved 
Performance 

(IP) 

Acceptance 
Criteria, 

Best 
Performance 

(BP) 

Test Method 
References 

 

Humidity 
Resistance 

Test 

There shall be no signs of blistering, softening, or 
exhibiting any loss of adhesion for no less than 30 
days exposure in a humidity cabinet maintained at 

49C +/- 2C (120F +/-3F) and 100% relative humidity 
(RH) 

ASTM D2247 
MIL-PRF-85285 

 
5.1.2.7    Outdoor Exposure 
 
5.1.2.7.1 Scope 
 

Outdoor exposure testing was performed to determine coating performance when 
exposed to real world environmental conditions. 
 
5.1.2.7.2 Procedure 
 
Test Coupons - Test coupons size 4” x 6” were selected for the outdoor exposure testing at Cape 
Canaveral Air Force Station in Florida.  
 
Preparation - Test coupons were scribed with an X scribe through the coating system, ensuring 
that the scribe line went all the way through the coating to the substrate in accordance with 
ASTM D1654.  The test coupons were mounted to racks using Teflon holders, scribed side up on 
a 30º angle to the vertical. The racks were set parallel to the Atlantic Ocean and were 
approximately 100 yards inland from the ocean.  

Report - Report observations in accordance with ASTM D 1654 and ASTM G 50.  
 
5.1.2.7.3   Acceptance Criteria  
 
 Table 5-12 shows the acceptance criteria for outdoor exposure testing. 

 
Table 5-12: Acceptance Criteria for Outdoor Exposure 

 
Test Acceptance Criteria Test Method 

References 
 

Outdoor 
Exposure Test 

Three years of exposure:  
coupon has a minimum of 25% less creepage from 

scribe than current corrosion protection system  

ASTM D1654 
ASTM G50 
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5.2 Field Test Requirements 
 

Table 5-13 lists Field Testing requirements identified and required by FRC-E for 
evaluating alternative technologies. 
 

Table 5-13: Field Testing Requirements for GSE at FRC-E 
 

JTP 
Section 

Test Acceptance 
Criteria, 

Minimum 
Performance 

(MP) 

Acceptance 
Criteria, 

Improved 
Performance 

(IP) 

Acceptance 
Criteria, 

Best 
Performance 

(BP) 

Test Method 
References 

 

Branch/ 
Stakeholders/ 

Service 
Requiring Test 

4.4.7 Field 
Exposure, 

On-Vehicle 

Three years 
exposure 

greater than 
or equal to 

the base 
vehicle 

baseline 
sample using 
Society for 
Protective 
Coatings 

SSPC-VIS 2 
“Standard 
Method for 
Evaluating 

the Degree of 
Rusting on 

Painted Steel 
Surfaces”  

Four years 
exposure 

greater than 
or equal to 

the base 
vehicle 

baseline 
sample using 
Society for 
Protective 
Coatings 

SSPC-VIS 2 
“Standard 
Method for 
Evaluating 

the Degree of 
Rusting on 

Painted Steel 
Surfaces”  

Five years 
exposure 

greater than 
or equal to 

the base 
vehicle 
baseline 

sample using 
Society for 
Protective 
Coatings 

SSPC-VIS 2 
“Standard 
Method for 
Evaluating 

the Degree of 
Rusting on 

Painted Steel 
Surfaces”  

ASTM D1654 
ASTM D714 

As required by 
the invoking 

authority 

 
5.2.1  Field Test Descriptions 
 
 In addition to the laboratory validation described above, field testing of ZVOC topcoat, 
and Deft 02GN084 primer and in conjunction with the Oxsilan 9810/2 and Gardobond AP 9809 
pretreatments were initiated for use on GSE at FRC-E. 
 
5.2.2 Design and Layout of Technology Components 

The demonstration was initiated on B-210 GT cart and F402 stands at FRC-E during 
April 2011.  Many of the FRC-E shops use Taylor-Dunn model B-210 GT cart to transport 
workers and materials. These carts are constructed of low alloy steel and each cart weighs 
approximately 1.5 kilopounds. Figure 5-4 shows a schematic for a B-210 GT cart and figure 5-5 
shows a schematic for a F402 stand. 
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Figure 5-4: Schematic of B-210 GT cart used in demonstration at FRC-East 
 

 
 

Figure 5-5: Schematic of F402 stands used in demonstration at FRC-East 

The F402 engine (AV-8B Harrier) stand components are reworked on custom stands 
which assist with transport and repair work. When not in use by parent repair shops, these stands 
are stored outside. As such, these stands demand robust coating systems to protect them from the 
elements, and are good candidates for testing. Stands are constructed of low-alloy steel. 

Several witness coupons were fastened to the B-210 GT cart to provide additional data 
and gain familiarity with competing pretreatment products. Coating systems were applied to 2” x 
6” AISI 4130 steel coupons in duplicate. Baseline coupons were prepared that included no 
pretreatment and either MIL-DTL-53022 primer or Deft 02GN084 with MIL-PRF-85285, Type I 
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topcoat or ZVOC topcoat. Oxsilan 9810/2 pretreatment was used with Deft 02GN084 primer and 
ZVOC topcoat to compare corrosion resistance against the baseline. This pretreatment was a 
viable candidate for implementation, but would require an extra rinsing step in the GSE rework 
process. The extra rinse step precluded the use of Oxsilan 9810/2 at the time of demonstration. 
Figure 5-6 shows the layout for witness coupons on the B-210 GT cart and Table 5-14 provides 
witness coupon identification.  
 

 
 

Figure 5-6: B-210 GT Cart Witness Coupon Application 
                               

Table 5-14: Witness Coupons Identification 
 

 

Witness Coupon Application 
 

Coupon Pretreatment Primer & Topcoat 
1 FRC-E Test Standard FRC-E Test Standard 
2 Oxsilan 9810/2 Deft 02GN084/ZVOC 
3 None MIL-DTL-53022/MIL-PRF-85285 Type I 
4 None Deft 02GN084/ZVOC 
5 None Deft 02GN084/MIL-PRF-85285 Type I 
6 None MIL-DTL-53022/ZVOC 

All GSE were first washed using MIL-PRF-85570, Type II cleaner [24]. Paint and 
corrosion were then removed by abrasive blast using a crushed glass media.  The GSE was then 
solvent-wiped using isopropyl alcohol.  Visual cleanliness was determined using Society for 
Protective Coatings SSPC-VIS 1 “Visual Standard for Abrasive Blast Cleaned Steel” [25]. A 
water break test was performed to determine the presence of any contaminants prior to 
pretreatment. 

3 

4 

5 

6 2 
1 
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 Gardobond AP 9809 was applied to GSE in accordance with the manufacturer’s required 
procedures.  Once pretreated, all of the GSE were stored 12 – 24 hours at ambient shop 
conditions (60%-70% relative humidity) to duplicate actual coating process lines and to evaluate 
flash rust inhibition. Deft 02GN084 primer and ZVOC topcoat were applied in accordance with 
manufacturers required procedures. 
 
  Application details for the F402 stands are shown in Table 5-15. Stand 2 represents the 
test baseline, as it was processed per the traditional GSE cleaning and coating procedures. 
 
 

Table 5-15: Coating Systems Used on F402 Stands 
 

Stand Pretreatment Primer Topcoat  
        

1 Gardobond AP 9809 Deft 02GN084 ZVOC 

2 None Deft 02GN084 MIL-PRF-85285, Type I 
3 None MIL-DTL-53022 MIL-PRF-85285, Type I 

 
 
  Figures 5-7 and 5-8 show examples of the B-210 GT cart and F402 stands used in the 
demonstration at FRC-E. The F402 Stand 1 was coated on 21 April 2011, stand 2 was coated on 
23 June 2011, and stand 3 was coated on 30 Jun 2011. 
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Figure 5-7: Pictures of the F402 Stands used in the Demonstration at FRC-E 
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Figure 5-8: B-210 GT Cart (Demonstration Test Areas Highlighted in Red) 
 

 Application details for the B-210 GT cart are shown in Table 5-16.  Test areas which 
received ZVOC topcoat are outlined in red as shown above in Figure 5-8.  

 
Table 5-16: Coating Systems Used on the B-210 GT Cart 

 
Cart Area Pretreatment Primer Topcoat  

        Left Side 
Test Area 

Gardobond AP 
9809 MIL-DTL-53022 ZVOC 

Right Side 
Test Area 

Gardobond AP 
9809 Deft 02GN084 ZVOC 

Remainder* Abrasive Blast MIL-DTL-53022 MIL-PRF-85285, Type I 

*Area not re-worked for demonstration. These sections had been coated prior to April 2011. 
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 The GSE demonstrations were coordinated through Jacob Waller at FRC-E.  The 
following steps for the FRC-E demonstration were carried out: 

1. Screened the Gardobond AP 9809 and Oxsilan 9810/2, Deft 02GN084, and ZVOC 
coating systems for minimum performance using criteria.   

2. Acquired ZVOC topcoat, primer, and pretreatment chemicals in addition to 
accompanying Material Safety Data Sheets (MSDS) and gained site approval for 
processing parts.  

3. All GSE were abrasive blasted to bare metal and coated according to the manufacturer’s 
recommended guidance. 

4. Once GSE coating was complete, NAVAIR tracked GSE for subsequent inspections. 
This equipment was designated for specific use at FRC-East and POC information for 
Jacob Waller is as follows:  
 
Jacob Waller 
jacob.waller@navy.mil 

 NAVAIR – FRC-E 
 ISSC East Code 434 Bldg 4032 
 PSC BOX 8021 
 Cherry Point, NC 28533-0021 

Office: 252-464-9757 
 
5.2.3 Field Test Quality Control 
 
 For the initial demonstration of the GSE components, no major capital investment was 
necessary.  Only an approved suitable location to apply the candidate pretreatments was needed. 
Miscellaneous supplies and spray equipment were purchased.  The manufacturers were consulted 
in order to obtain their recommended specifications for the application of their products.  Step-
by-step instructions were supplied to NAVAIR prior to initiating the demonstration.  These 
specifications were used to control the application process.  A person with a stop-watch was 
designated to monitor the required time intervals.  Notes were taken throughout the process.  The 
application instructions below were provided: 
 

1. Clean with MIL-PRF-85570 Type II. 
2. Dry. 
3. Abrasive blast using crushed glass media (40/70 grit). 
4. Blow off dust 
5. Spray with Gardobond AP 9809 product for 60-90 seconds. 
6. Air dry until completely dry (24 hours). 
7. Apply Deft 02GN084 primer and ZVOC topcoat in accordance with the manufacturer’s 

technical data sheets. See appendix C. 
 

mailto:jacob.waller@navy.mil
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5.2.4 Performance Validation for Field Testing of Support Equipment Parts 
 
 The metric for evaluating the GSE during periodic inspections was a visual comparison 
with the GSE using the SSPC-VIS 2 “Standard Method for Evaluating the Degree of Rusting on 
Painted Steel Surfaces” [11] 
5.2.4.1 Scope 
 
 This test method described a basic procedure for conducting on-vehicle testing of 
candidates.  This was performed by selective replacement or refinishing of an appropriate 
representative substrate/component on a vehicle incorporating the candidate, or by the use of test 
coupons incorporating the candidate attached to the military ground vehicle.  
 
5.2.4.2  Equipment 
 

GSE   One transportation cart and three F402 stands were used for standard deployment.  
 

5.2.4.3  Reagents 
 

Cleaning Solution   Materials required as designated by each candidate supplier. 
 
5.2.4.4 Procedure 

 
At a minimum, the process was conducted to replace or refinish a part or section of the 

vehicle in accordance with the suggested finishing parameters and the baselines established by 
the topcoat application specification MIL-PRF-85285. Representative substrates/components 
were pretreated in accordance with pretreatment manufacturer’s recommended specifications 
finishing parameters and baselines established in MIL-PRF-85285. Components substrates were 
evaluated during periodic inspections by visual comparison with the base vehicle or baseline 
samples attached to the vehicle. The SSPC-VIS 2 was used for evaluating component substrates 
and baseline samples. Success criteria for the fielded GSE sections were performance greater 
than or equal to the baseline GSE sections.  The exact areas of comparison on the baseline GSE 
were recorded at the time of the inspections.  

 
After a predetermined exposure agreed upon by the stakeholders, the affected GSE parts 

were evaluated for coating adhesion, color, and corrosion resistance in accordance with SSPC-
VIS 2, MIL-PRF-85285, ASTM D 1654, ASTM D 714, and ASTM D 3359.  
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6.0 PERFORMANCE ASSESSMENT 
 
6.1  Laboratory Testing Results 
 

The following laboratory test results were from LCS test coupons with Oxsilan 9810/2 
pretreatment, Deft02GN084 primer, and ZVOC topcoat.  As previously mentioned, the baseline 
test coupons were abrasive blasted while the Oxsilan 9810/2 test coupons had a smoothed, milled 
100-63 micro inch finish surfaces. No pretreatment was used on baseline test coupons.  The 
CARC coating system was used as a lab test comparison because it is the corrosion standard for 
coatings on military ground vehicles. 

6.1.1   Dry Tape Adhesion Test Results 
  

Dry tape adhesion test results show slight performance increase with the use of a ZVOC 
coating system compared to the CARC coating system for abrasive blast coupons. For Oxsilan 
9810/2 pretreated coupons, the CARC coating system shows a slight performance increase when 
compared to the ZVOC coating system. 

The baseline abrasive blast test coupons showed failure of the ZVOC coating system at 
the substrate level. Use of a pretreatment increased the adhesion performance for LCS with 
ZVOC coating system. The baseline test coupons exhibited failure of the CARC coating system 
at the primer level. Use of Oxsilan 9810/2 provided better adhesion on smooth LCS surfaces than 
the LCS that was abrasive blasted to a 1.5 mil surface profile. The Oxsilan 9810/2 ZVOC coating 
system on LCS exhibited better adhesion performance than the baseline test coupons. Dry tape 
adhesion results for Oxsilan 9810/2 CARC coating system on LCS showed better adhesion 
results compared to the baseline test coupons. 

Table 6-1 shows ASTM D 3359 cross-hatch ratings and results for dry tape adhesion. 
Both the ZVOC baseline and Oxsilan 9810/2 test coupons and the CARC coated Oxsilan 9810/2 
coupons met the performance requirement. However, the CARC baseline coupons did not meet 
performance requirements. 

Table 6-1: Dry Tape Adhesion LCS Test Results 

  Cross Hatch Ratings (ASTM D3359A)  
Coating System 

 
Coupon ID #1 #2 #3 #4 #5 #6 Average Failure 

Mode 
ZVOC Abrasive Blast  4 4 4 4 4 4 4.0 Substrate 
ZVOC Oxsilan 9810/2  4 4 5 5 4 5 4.5 No failure 
CARC Abrasive Blast 3 3 4 4 4 4 3.7 Cohesive 

Primer 
CARC Oxsilan 9810/2 5 5 5 5 5 5 5.0 No failure 

 
6.1.2  Wet Tape Adhesion Test Results 
  

Comparison of the ZVOC coating systems to the CARC coating systems shows a 
performance increase with the use of CARC coatings for 24 hour wet tape adhesion and a 
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performance increase with the use of ZVOC coatings for 96 hour wet tape adhesion. The use of 
Oxsilan 9810/2 had no real influence on the wet tape adhesion properties when used in 
conjunction with a CARC or ZVOC coating system. All test coupons rated either a 4A or 5A in 
accordance with ASTM D 3359 and met wet adhesion performance requirements. 

 
 

Figure 6-1: ASTM D 3359A Ratings for Wet Tape Adhesion at 24 and 96 Hours on LCS 
 
  6.1.3  Pull-off Adhesion Test Results 

  

As shown in Figure 6-2, the ZVOC coating system significantly outperformed the CARC 
coating system regardless of how the substrate was prepared. Based on the success criteria, the 
ZVOC met the best acceptance criteria with greater than 2500 psi pull off.  The CARC coating 
system met the acceptance criteria with a pull-off rating between 1200 psi and 1800 psi.  

Oxsilan 9810/2 with the ZVOC coating system did not perform as well as the baseline 
abrasive blast ZVOC coating system. However, based upon the success criteria, Oxsilan 9810/2 
with the ZVOC coating system did still achieve a pull-off rating > 2500 psi classifying it as 
meeting the best acceptance criteria. The Oxsilan 9810/2 with the CARC coating system 
performed equivalently to the baseline abrasive blast CARC coating system. Based upon the 
success criteria, Oxsilan 9810/2 and the baseline with the CARC coating system achieved a pull-
off rating between 1200 psi and 1800 psi classifying it as meeting minimum acceptance criteria.  
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Figure 6-2: ASTM D 4541 Pull-off Adhesion on LCS 
 
6.1.4   Corrosion Resistance Test Results (Cyclic GM 9540P) 
 

Cyclic corrosion testing results for ZVOC and CARC coating systems on LCS are shown 
in Table 6-2. Comparison of the ZVOC coating systems to the CARC coating systems shows a 
performance increase with the use of ZVOC coatings. 

 The performance of the Oxsilan 9810/2 ZVOC coated was slightly better than the 
baseline ZVOC coated coupons. The performance of the Oxsilan 9810/2 CARC coated was 
slightly better than the baseline CARC coated coupons. 
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Table 6-2: GM9540P Cyclic Corrosion Resistance Average Results for LCS 

 

Creep from Scribe 
  

10 
cycles 

20 
cycles 

40 
cycles 

60 
cycles 

80 
cycles 

CARC 
Coating 
System 

Abrasive 
blast 
LCS 8 6.33 3.33 1.66 0 

CARC 
Coating 
System 

Oxsilan 
LCS 6 5.33 4.33 2.33 0.66 

ZVOC 
Coating 
System 

Abrasive 
blast 
LCS 8 7.33 5.33 4 2.33 

ZVOC 
Coating 
System 

Oxsilan 
LCS 8 6.66 5 4 3.33 

 
6.1.5  Chip Resistance/Gravelometer Results 
  
 The chip resistance test results are shown in Table 6-3. The baseline abrasive blast ZVOC 
coated LCS test coupons outperformed the Oxsilan 9810/2 ZVOC coated test coupons.  The 
baseline ZVOC coupons met the minimum performance requirements with a rating of 5B and the 
Oxsilan 9810/2 ZVOC coupons fell just short with a rating of 4B.  On the other hand, the 
Oxsilan 9810/2 CARC coated test coupons outperformed the baseline CARC test coupons. The 
Oxsilan 9810/2 CARC coupons met the minimum performance requirements with a rating of 5B 
and the baseline CARC coupons fell just short with a rating of 4B.  

Table 6-3: Chip Resistance of Pretreatments on LCS 

Pretreatment ZVOC Coating System CARC Coating 
System 

Abrasive Blast 5 B 4 B 

Chemetall Oxsilan 4 B 5 B 

 

Comparison of the CARC coating systems to the ZVOC coating systems shows a slight 
performance increase with the use of ZVOC coatings for abrasive blast coupons. For Oxsilan 
9810/2 coated coupons, the CARC coating system shows a slight performance increase when 
compared to the ZVOC coating system. Chip resistance is not as critical for basic ground support 
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equipment as it would be for tactical vehicles. Thus for GSE, the chip resistance for ZVOC or 
CARC is considered adequate with either method of pretreatment. 

6.1.6  Humidity Testing 
 
Table 6-4 shows LCS results for humidity testing for ZVOC and CARC coating systems. 

The ZVOC and CARC coating systems on abrasive blasted baseline test coupons exhibited 
blistering and failed the humidity test. The blistering that occurred was small and spread evenly 
throughout the coating system of the affected test coupons. These laboratory testing results were 
noted and if performance issues arise in the future on GSE, an additional investigation will be 
performed. The only coating combination to successfully pass the minimum of 30 days required 
in the humidity test chamber, with no blistering exhibited, was the Oxsilan 9810/2 with the 
CARC system. Comparison of the CARC coating systems to the ZVOC coating systems shows a 
performance increase with the use of CARC coatings for Oxsilan 9810/2 coated coupons in 
humidity testing.  
 

Table 6-4: ASTM D2247 Rating for LCS after in the Humidity Chamber Set at 100% RH 
and 120°F 

Process Parameter Humidity Test 
(120°F and 100% 

RH – After 30 
days) 

Type of 
Steel 

Pretreatment Coating System  

Low Carbon Abrasive Blast ZVOC Fail 

Low Carbon Chemetall Oxsilan ZVOC Fail 

Low Carbon Abrasive Blast CARC  Fail 

Low Carbon Chemetall Oxsilan CARC  Pass 

 

 
 
6.1.7  Outdoor Exposure Test Results (After 2 Years) 
 

Table 6-5 shows outdoor exposure ratings per ASTM D 1654 after 2 years of exposure. A 
full assessment cannot be made until after the full three years of exposure. Ratings and 
assessment to date are provided in the section.  The baseline abrasive blast CARC test coupons 
are outperforming the Oxsilan 9810/2 CARC coated test coupons with average ratings of 5.3 to 
3.7 respectively. The Oxsilan 9810/2 ZVOC coated test coupons are slightly outperforming the 
baseline ZVOC test coupons with average ratings of 5 to 4.3 respectively. The current 
comparison of the CARC coating systems to the ZVOC coating systems shows a slight 
performance increase with the use of ZVOC coatings for Oxsilan 9810/2 pretreated coupons. For 
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baseline abrasive blast coupons, the CARC coating system shows a slight performance increase 
when compared to the ZVOC coating system. 

Table 6-5: ASTM D1654 Ratings for LCS in Outdoor Exposure after 2 years 

 

Creep from Scribe 
  

6 
months 1 year 

1.5 
years 2 years 

CARC 
Coating 
System 

Abrasive 
blast LCS 9 5.66 5.66 5.33 

CARC 
Coating 
System 

Oxsilan 
LCS 7.66 5.66 5 3.66 

ZVOC 
Coating 
System 

Abrasive 
blast LCS 6.66 6.66 4.66 4.33 

ZVOC 
Coating 
System 

Oxsilan 
LCS 8 6.66 5.66 5 

 

Figures 6-5 through 6-8 show ZVOC and CARC coated outdoor exposure test coupons 
after 2 years at Cape Canaveral. 

 

Figure 6-5: LCS Abrasive Blast Baseline Coupons with CARC coating system  
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Figure 6-6: LCS Oxsilan 9810/2 Coupons with CARC coating system  
 

 

Figure 6-7: LCS Abrasive Blast Baseline Coupons with ZVOC coating system  
 

 
Figure 6-8: LCS Oxsilan 9810/2 Coupons with ZVOC coating system  
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6.2     FRC-E Demonstration 
 
 After two years of environmental exposure at FRC-E, two F402 stands and a 
transportation cart were inspected for signs of degradation (rust) using rating criteria from SSPC-
VIS 2.  It should be noted that the stands alternated between indoor and outdoor locations. The 
B-210 GT cart was stationed outdoors.  The SSPC-VIS 2 classifies rust into three categories on a 
scale from 10 (best, < 0.01% rust) to 0 (worst, > 50% rust): 
 
- Spot rusting, involving rust which is congregated in distinct areas over the part surface. 
- General rusting, involving rust which is distributed non-uniformly. 
- Pinpoint rusting, involving a distribution of small rust dots over the surface. 

 
Table 6-6 lists performance criteria for the demonstration and states if criteria was met. 
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Table 6-6: Validation Methods and Expected Performance Metrics for Demonstrating ZVOC 
Coating System on F402 Stands and a B-210 GT Cart 

 

Performance 
Criteria 

Expected Performance Metric 
(Pre-Demonstration) 

Performance 
Evaluation Method 

Actual 
Performance 

(Post-
Demonstration) 

Primary Performance Criteria F402 
Stands 

B210 
Cart 

Product Testing The performance of the 
alternative technology will meet 
or exceed the current process 
employed on GSE during 
manufacturing or rework as 
defined in the JTP in Appendix 
B. 

Field testing 

Met  Met 

Hazardous 
Materials 

Maintains a chromate-free 
platform and reduce or eliminate 
VOC from process 

Assessment of 
product constituents 
and previous studies 

Met  Met  

Hazardous Waste Meets or exceeds current 
process used in GSE rework 

Operating 
experience and 
assessments 

Met Met 

Factors Affecting 
Technology 
Performance 

Comparison of alternatives in 
identical operating conditions 

Operating 
Experience Met Met 

Secondary Performance Criteria  
Ease of Use Man hours and training shall be 

equivalent to current process 
used in GSE rework 

Operating 
experience Not 

Met* 
Not 

Met* 

Maintenance Requirements for record keeping 
for storage, and clean up shall be 
equivalent to current process  

Compare records 
Met Met 

Scale up 
capability 

No additional equipment will be 
necessary to scale up process for 
full GSE treatment. 

Operating 
experience and 
investigation 

Met Met 

* The ZVOC topcoat is more difficult to apply. The application method of this topcoat 
discouraged FRC-East from pursuing implementation.  The ZVOC has low deposit efficiency 
which requires more spray passes to achieve the same amount of coverage as the currently used 
topcoat, MIL-PRF-85285 Type I or II.  Although the performance has been comparable thus far, 
there is no desire for FRC-E to switch to ZVOC until environmental regulations require them to 
do so. 
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6.2.1  Witness Test Coupon Results 
 

Figure 6-9 shows witness coupons coated with Oxsilan 9810/2 that were fastened to the 
B-210 GT cart for 1 and 2 years, respectively. Discoloration was easily removed by cleaning and 
no signs of coating degradation were noted. 
 

     
 
 
 

Figure 6-9: Witness Oxsilan 9810/2 Test Coupons on B-210 GT Cart 
 
6.2.2 Demonstration on GSE - F402 Stands 
 

The following summarizes the condition of test articles which were available for 
inspection during July 2013, after 2 years of field exposure. 
 
  The majority of corrosion took the form of pinpoint rust, with isolated rust spots. It 
should be noted that the stands were exposed to outdoor and indoor conditions.  The relative 
indoor/outdoor exposure times between stands 1 and 2 may be different.  Both stands, however, 
have been observed outside at various times. Stand 1 was rated as 9-S and 9-P (0.03% rusted) per 
SSPC-VIS 2. Stand 2 was rated as 7-P (0.3% rusted) or 6-P (1% rusted) per SSPC-VIS 2. Using 
the SSPC-VIS 2 rating system, the stand with Gardobond AP 9809 pretreatment (stand 1) is 
outperforming the stand with the abrasive blast and Deft 02GN084 primer (stand 2). The 
condition of the stand with the currently used baseline coating system (stand 3) looked 
comparable to the stand with Gardobond AP 9809 (stand 1), although some abrasion in spots 
caused the coating system to be completely removed on stand 3. This performance outcome 
validates the importance of adding a pretreatment to the GSE coating process in order to increase 
the life cycle of the coating system. Figures 6-10 through 6-12 provide images of the condition 
of stands 1, 2, and 3, respectively. 
 
 

Oxsilan 9810/2 with 
53022/85285 Type I 

Oxsilan 9810/2 with ZVOC coating system 
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Figure 6-10: Stand 1 after 2 Years of Field Exposure 
 
 

 
 

Figure 6-11: Stand 2 after 2 Years of Field Exposure 
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Figure 6-12: Stand 3 after 2 Years of Field Exposure 
 
  The ZVOC topcoat weathered and resisted corrosion comparably to traditionally 
topcoated (MIL-PRF-85285 Ty I/II) surfaces of the F402 stands. No adhesion or coating 
degradation (flexibility issues, chalking, fading) issues were shown. Coating systems containing 
Deft 02GN084 primer showed no significant difference in condition when compared to current, 
MIL-DTL-53022 primed systems. Results of the inspections supported the continued use of 
ZVOC polyurethane topcoat and Deft 02GN084 epoxy primer as specified in the technical 
publication NA 17-1-125 manual.  The NA 17-1-125 manual includes the materials and 
procedures authorized for use in the cleaning, preservation, and corrosion control of 
Navy/Marine Corps support equipment [8]. 
 
  The F402 stand pretreated with the silane product, Gardobond AP 9809 showed a robust 
coating system with minimal corrosion compared to the test baseline stand. Although it is 
unknown whether the test baseline stand experienced a significant difference during processing 
(lag time between abrasive blasting and priming, fingerprint contamination, etc.), the condition 
of the pretreated stand supports its further use. The implementation of the silane pretreatment as 
best-practice is being requested by FRC-E for inclusion in the NA 17-1-125 manual.  
 
6.2.3 Demonstration on GSE – B-210 GT Cart 

 
  The B-210 GT cart did not exhibit pinpoint rusting.  Isolated rust spots were observed, 
but only near crevice areas where coating coverage may have been low as depicted in the bottom 
right picture of Figure 6-13.  Isolated rust area on the channel corner coated with Deft 02GN084 
primer and ZVOC topcoat was rated with a rust grade of 7-G/6-G (~0.3%) in accordance with 
the SSPC-VIS 2.  Overall, the coating systems were in excellent condition, with no rusting 
evident on the general body of the structure. For general rust, both the Gardobond AP 9809 
sections and the abrasive blast only sections were rated with a rust grade of 10 in accordance 
with the SSPC-VIS 2. The performance of Gardobond AP 9809 on the B-210 GT cart was 
comparable to that of the standard coating process. 
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Figure 6-13: B-210 GT Cart Aft End 

 
  The transportation cart surfaces coated with the ZVOC topcoat have weathered and 
resisted corrosion comparably to traditionally topcoated (MIL-PRF-85285 Ty I/II) surfaces. No 
adhesion or coating degradation (flexibility issues, chalking, fading) issues were shown. The 
coating systems showed no significant difference in condition when compared to the currently 
used MIL-DTL-53022 primed systems. Results of the inspections supported the continued use of 
ZVOC topcoat and Deft 02GN084 primer as specified in the technical publication NA 17-1-125.  
 
  The transportation cart pretreated with Gardobond AP 9809 showed a robust coating 
system with minimal corrosion compared to the abrasive blast only sections of the cart. As stated 
in the previous section, the implementation of the silane pretreatment as best-practice is 
recommended for inclusion in the NA 17-1-125 manual.  
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7.0 COST ASSESSMENT 
 
7.1  Cost Model 
 

A life-cycle cost analysis was performed during the project by comparison of current 
coatings system costs versus new coatings system costs.  To achieve this, costs for procurement 
of topcoat, primer and pretreatment in addition to labor costs for coating GSE were tracked.  

 
It was anticipated that personnel protective equipment (PPE) costs, hazardous waste 

treatment costs, and energy costs would remain the same. The disposal cost of the pretreatment, 
classified as #9102 by the Hazardous Waste Group at FRC-East, is $0.31 per pound.  If the 
concentrate was mixed with water to the exact amount needed for coating, then the cost would be 
associated with filter disposal in the paint booth and include overspray from all coating materials 
on other components, so using the #9102 cost as a basis should be appropriate. Cost estimates for 
waste fees were provided by FRC-E. 

 
Table 7-1 lists items that were tracked for the cost analysis and their relative estimated 

costs and is followed by a detailed description of the assessment. Overall, the implementation of 
the new coatings system at FRC-E would result in a savings of approximately $6400 for the B-
210 GT model carts when compared to the currently used coatings system. Over a period of 20 
years, implementation of the new coatings system could result in a cost savings of upwards of  
$1.48M. 

 
Table 7-1: Demonstration Items Tracked for Life Cycle Cost Analysis 

 
Item Tracked Cost for Current Coatings 

System (Estimated) 
Cost for New Coatings 

System (Estimated) 
Pretreatment Cost N/A $0.51/quart sprayed solution 
Primer Cost $54.83/gallon $193.60/gallon 
Topcoat Cost $305.00/gallon $132.00/gallon 
Labor for Coating GSE Cart $110/hr $110/hr* 
Cost for Cart Rework $1212 $1180 
Total Cost for FRC-E Carts 
(Qty: 200) 

$242,400 $236,000 

Number of Reworks per 20 
years for Total Carts 

10 – 20 4 

Total Cost for FRC-E Carts 
over 20 years for Total Carts 

$2,424,000 - $4,848,000 $944,000 

 
* To apply the Gardobond AP 9809, there is an additional cost of $55.00 added to the total labor cost to account for 
the extra 15-30 minutes needed for application. 

 
The following cost estimates for primer and topcoat were provided by Deft Coatings and 

FRC-E and the estimate for pretreatment was provided by Chemetall and FRC-E. According to 
FRC-E, the work time required preparing and painting GSE is approximately 4 – 12 man hours 
depending on the specific GSE.  This includes cleaning, abrasive blasting, solvent wiping, and 
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painting.  When totaled, the work-hours add up to an approximate cost of $440.00 - $1320.00 per 
GSE.  The total paint used is estimated to be 1 - 2 gallons of MIL-DTL-0053022 primer at cost 
of $54.83/gallon and 1 - 2 gallons of MIL-PRF-85285, Type II topcoat at a cost of 
$305.00/gallon resulting in a total cost of paint of $359.83 - $719.66 per GSE.  The total cost for 
repainting a GSE is calculated at $799.83 – $2039.66 depending upon the specific GSE surface 
area.  
 

Because the GSE were coated with the new materials during demonstration and these 
new materials were applied with the present equipment, the startup costs were negligible.  The 
ZVOC topcoat is less expensive at $132.00 per gallon than the currently used MIL-PRF-85285, 
Type II topcoat at $305.00 per gallon. The Deft 02GN084 non-chrome primer costs 
$193.60/gallon.  The total cost for repaint a GSE using the Deft 02GN084 and ZVOC coating 
system is $1091.20 - $1971.20. Although this cost is higher than the currently used primer cost 
of $54.83, by saving on labor costs per GSE component due to reduced paint touch-up and/or 
corrosion remediation, an overall positive return on investment is realized.  

 
The preparation steps and associated costs, such as labor, remained as stated above to 

implement the Gardobond AP 9809. The Gardobond AP 9809 pretreatment costs $379.12 per 5-
gallon pail of concentrate.  The solution is diluted at 2% by volume, and makes 1000 quarts of 
sprayable solution. At a 75% efficiency, 750 quarts as sprayed would result in a cost of 
approximately $0.51/quart. At a usage of 4-10 gallons of 2% solution per GSE, this equates to 
being able to pretreat 18 – 46 GSE per 5-gallon container of concentrate solution. The total cost 
for pretreatment used on a GSE is calculated to be $8.24 - $21.10. The total cost for pretreatment 
of the GSE, including the $55 for labor is $63.24 - $76.10. FRC-E considered this rate cost 
effective.  
 

The current coating system has shown obvious deficiencies. GSE are scheduled for 
repaint every 5 years; however, FRC-E indicates they are repainted every 1 – 2 years due to 
coating failures because of current adhesion issues that occur from the use of a direct-to-metal 
paint process. Based on field testing results, it is anticipated that the new coating system would 
enable the GSE to surpass the current 1-2 year timeline. A more accurate estimate with regards 
to coating life cycle extension will not be available until the field tested carts are deemed 
necessary for repaint thus establishing the new repaint cycle. It appears that the non-chromate 
preatreatment included in the new coating system is the improving factor. At this time, the 
benefit from the use of a ZVOC topcoat appears to be from an environmental standpoint and not 
from a performance position. 
 
7.2  Cost Analysis and Comparison 
 
 In performing a life cycle cost estimate, a time period of 20-years was selected for use as 
a generic life cycle timeframe. As stated in previous sections of this report, facility capital costs 
are not applicable. Start-up and operations and maintenance costs remain unchanged with an 
implementation of the ZVOC coating system. The cost for equipment replacement will not be 
impacted by the incorporation of the ZVOC coating system. The replacement of the current 
coating system with the demonstrated ZVOC coating system yields a cost savings for re-
processing/re-application. The following paragraph provides a breakdown of this cost savings. 
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Cost of currently used coating system is calculated at $799.83 - $2,039.66 per GSE. As 

previously stated, FRC-E estimates GSE are currently reworked at least once per year. This 
calculates to a rework cost of $15,996.60 - $40,793.20 per GSE over a 20-year time period. The 
cost of the demonstrated ZVOC coating system is calculated at $1,154.44 - $2,047.30 per GSE. 
Based upon the transportation cart and F402 stands demonstration results, FRC-E anticipates that 
GSE utilizing the demonstrated ZVOC coating system will be re-worked at the most once every 
2 years. This calculates to a rework cost of $11,544.40 - $20,473.00 per GSE over a 20-year time 
period. By implementing the demonstrated ZVOC coating system, FRC-E would save $4,452.20 
- $20,320.20 per GSE over a 20-year time period. 
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8.0 IMPLEMENTATION ISSUES 
 
The ZVOC topcoat and non-chromate primer have been incorporated into the NA 17-1-

125 manual. As stated in Section 6 of this report, the NA 17-1-125 manual includes the materials 
and procedures authorized for use in the cleaning, preservation, and corrosion control of 
Navy/Marine Corps support equipment. The presence of the callout of the ZVOC topcoat and 
non-chromate primer in the NA 17-1-125 manual allows users to implement both products 
should restrictions be placed on other products such as higher VOC topcoats.  
 

Although, the ZVOC topcoat and non-chrome primer performed comparably in the field 
and are viable options for GSE coatings, FRC-E has decided to not implement. The learning 
curve associated with successful application of the ZVOC topcoat discouraged FRC-E to pursue 
implementation. As mentioned before, the standard operating procedure in the GSE paint shop is 
one heavy cross-coat application to achieve sufficient coverage over parts. The ZVOC topcoat 
requires more passes to achieve the same amount of coverage as the currently used topcoat. 
Although the extra passes required for the ZVOC topcoat do not increase the labor time and cost, 
it is an inconvenience for the artisans. Therefore, at this time, there is no desire to switch to 
ZVOC until environmental regulations require FRC-E to do so.  
 

FRC-E has accepted the technologies that were demonstrated and has proposed 
implementation of Gardobond AP 9809 pretreatment for use on GSE.  The implementation of 
Gardobond AP 9809 will change the GSE standard process at FRC-E.  The current coating 
process includes abrasive blast with a primer and topcoat.  This will be the first time that a 
pretreatment will be added to the standard process.  Adding Gardobond AP 9809 will change the 
overall cost of the process by a minimal amount; however, the increase in corrosion protection 
offered by the pretreatment outweighs the cost of the product implementation. The increase in 
GSE life cycle and decrease in down-time due to repair work far outweigh the costs associated 
with adding a pretreatment step to the process.  
 

The NAVAIR implementation process for inclusion of the pretreatment into the NA 17-
1-125 is as follows:  
- Delivery of the data package to the decision authority (NAWCAD Lakehurst (LKE)) 
- Receipt of an approval letter from NAWCAD LKE  
- Revision of the local directives and the NA 17-1-125 manual   

 
Communication with the decision authority yielded full endorsement of the proposed 

implementation of the Gardobond AP 9809 at FRC-E for GSE. NAWCAD PAX and FRC-E are 
currently working on delivering the required data package and acquiring an approval letter.  
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PREFACE 
 
This Joint Test Protocol (JTP) was prepared by the NAVAIR Coatings Team. The objective of 
this JTP is to select and implement the most appropriate approaches for the improvement of the 
control of material degradation on Navy materiel and assets, thereby reducing life cycle 
operational costs and maximizing equipment sustainability for the war fighter. 
 
Format and context of this report were developed using Joint Test Protocol J-01-GV-002-P2 
Validation of Corrosion Protection for Ground Vehicle Frame Structures (Draft), July 20, 2007. 
The depth of technical content of this JTP was determined by technical associates, pertinent 
United States (U.S.) Navy and Army personnel, government contractors, and other government 
and commercial technical representatives (hereafter referred to as “stakeholders”) who are 
participants in the Integrated Product Team (IPT) of the ESTCP funded project for Non-
Chromate Zero-VOC Coatings for Army and Navy Ground Vehicles. 
 

  



 

 Draft Joint Test Protocol – Validation of Pretreatment and Zero-VOC 
Topcoat for Navy Ground Support Equipment   

v 

JTP REVISIONS HISTORY 
 

This section will serve as a means to document revisions and discussions regarding this JTP only.  It is intended to 
help the reader identify updated versions of the JTP, and to organize periodic updates of the JTP as new materials 
and techniques become available.  If the latest entry on the JTP Revisions History is more than two (2) years old, the 
entry “No revisions have been made for the year 20xy” will be entered where appropriate. 
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1.0 INTRODUCTION 
 

This JTP contains the critical requirements and tests necessary to evaluate Zero-VOC 
(ZVOC) topcoat technologies for use on U.S. military steel.  The JTP provides a standard 
set of tests and test conditions that the manufacturers, the U.S. military, and third-party 
testing organizations may use to fairly gauge how the technology compares to existing 
technologies.  With the test results presented in a Joint Test Report (JTR), the 
manufacturer and military can make an informed decision with regard to subjecting the 
technology to qualification testing for inclusion on the Qualified Products List (QPL). 
This document is a protocol for testing and assessing the performance of any potential 
corrosion prevention pretreatment, or any repair process or maintenance process 
involving steel. The potential technologies for consideration will hereafter be referred to 
simply as “candidates.”   
 

1.1 Scope 
 

This JTP establishes the corrosion-resistance performance requirements that must be met 
for a candidate to be considered for use on steel ground support equipment (GSE). Other 
potential candidates will also be considered (see Feasibility Study discussion in the next 
section).  However, evaluations of these properties are specific to the application, and will 
be considered acceptable based only upon equal or improved performance when 
compared to the corrosion protection of topcoats currently being used on steel substrates 
of GSE. 
 
It must be emphasized that this JTP document is not a process, material, or product 
specification, nor is it intended to address ongoing quality issues.  The testing outlined 
in this document confirms the technical capabilities of the candidate for the particular 
application with respect to corrosion resistance, and qualifies the candidate for 
consideration for military use by the relevant armed services’ Corrosion Office invoking 
the JTP (e.g., 4.3.4 decision authority) or the relevant Program Manager (hereafter 
referred to as the “invoking authority”).  It should also be emphasized that successful 
completion of the procedures outlined in this JTP does not obligate the U.S. Navy or 
any other DoD organization to procure or use the candidate. 
 

1.2 Execution 
 

This document is organized in such a manner to aid the user during the corrosion study 
planning stage, through the testing activity, and during the data reporting and 
interpretation phases.  This section describes the use of this document by outlining the 
steps that will guide the user through the process of extracting and utilizing the corrosion 
data.  Section 2.0 describes a logical flow to the process of evaluating the results of the 
corrosion tests and comparing the properties of the candidate with the established criteria 
necessary to qualify the candidate for potential military use.  Section 2.0 also provides a 
test flow diagram and examples of situations in which the JTP could be used.  Section 3.0 
discusses application scenarios, the test method matrix, and methodology.  Section 4.0 
describes test requirements (acceptance criteria) and procedures.  Section 5.0 discusses 
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failure analysis.  Finally, Section 6.0 provides a list of reference documents that were 
utilized in the preparation of this JTP. 
 
The corrosion-resistance performance of candidates evaluated using this JTP will be 
determined through a series of tests.  These tests have been derived from engineering, 
performance, and operational impact (supportability) standards defined by a consensus of 
government and industry participants.  The tests in this document are based upon 
recognized commercial and military test standards that are currently in use by established 
test facilities.  In instances where the JTP test method conflicts with the reference 
standard on which it is based, the JTP test method will take precedence.  This JTP also 
provides guidelines for the screening of candidates (Screening Tests), in cases where 
initial viability must be assessed before conducting the Performance and Special Tests or 
for urgent short-run applications. 

 
Prior to conducting the required tests, a candidate must undergo a preliminary Feasibility 
Study, in which the following considerations shall be addressed: 

 
• The candidate must be evaluated using those tests that define the performance 

levels of MIL-PRF-85285D: “Coating: Polyurethane Aircraft and Support 
Equipment”. The candidate must demonstrate compatibility with the existing 
paint system, with no adverse effects on the paint properties. Relevant test 
methods and military standards are defined in TT-C-490. 

• The candidate must conform to current military environmental regulations and 
concerns, such as atmospheric and groundwater impact, volatile organic 
compound (VOC) content, waste disposal, etc.   

• Procurement of the candidate must be compatible with standard military business 
procedures.  Considerations include, but are not limited to: distribution status 
(domestic/offshore), product cost analysis, and vendor capability, reputation, and 
reliability. 

 
The Feasibility Study shall be conducted prior to the execution of the test program 
contained in this JTP.  The business issues assessment shall be conducted again at the 
completion of the JTP testing if business issues have changed as a result of product 
and/or financial changes.  The actual implementation of the Feasibility Study shall be 
conducted under the authority of the invoking authority, and is outside the scope of this 
JTP. 
 
The tests outlined in this JTP are organized into three general areas, Screening, 
Performance, and Special Testing.  Screening Testing involves those tests the vendor may 
decide to perform if limited data exists to determine the candidate’s ability to pass the 
Performance Tests, or tests that the invoking authority may require for urgent short-run 
applications.  Performance Testing involves those tests required for evaluating any 
topcoat candidate for use on a primed steel surface.  Special Testing includes those tests 
identified by some (but not all) stakeholders for evaluating any pretreatment candidate for 
use on steel substrates in special applications, such as exposure to particularly unusual 
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environments.  The candidate must meet both Performance and applicable Special 
Testing requirements to be considered for special applications. 

 
A JTR will document the testing conducted on each candidate in accordance with this 
JTP.  The JTR will provide a record of test specifics, such as candidate test specimen and 
substrate preparation, application process, test equipment model and calibration, 
laboratory environmental conditions, and test results.  If planned execution of the tests 
varies from that described in this JTP, test procedure modifications must be approved by 
the stakeholders and the invoking authority in advance and documented in the JTR.  The 
JTR will be used as a reference for future corrosion-prevention endeavors by other DoD 
and commercial users to minimize duplication of effort. 
 

1.3 Document Maintenance 
 

Annual updates and general maintenance of this document will be the responsibility of a 
committee chaired by the NAVAIR Coatings Team or designee.  The document will be 
reviewed and updated on an annual basis with changes being noted on the “JTP Revisions 
History” page.  If no changes have been made, the entry “no revision has been made for 
the year 20xy” will be entered where appropriate.  This document is considered to be 
obsolete if the latest entry on the JTP Revisions History is more than two years old.  In 
this case, contact the NAVAIR Coatings Team or designee for the most recent revisions 
before conducting testing in accordance with this JTP.  
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2.0 JTP DOCUMENT GUIDE 
 

This section of the JTP facilitates the use of this document by providing a logical 
implementation flow process as well as examples of JTP evaluations for several 
candidates.  Use of this document for military consideration of a candidate utilizing the 
Performance and Special Testing sections, and the preliminary screening of untried 
candidates using the Screening Tests, is described and demonstrated. 

 
Figure 1 illustrates the process flow for conducting Screening, Performance, and Special 
Tests, as well as the retesting of candidates that have failed one of the aforementioned 
tests.  The evaluation process begins with the Feasibility Study.  If the candidate 
conforms to current military environmental regulations, and procurement of the candidate 
is compatible with standard military business procedures, the testing required is 
determined via the Test Method Matrix (presented later in Table 1). 

 
The Screening Tests have been established so that preliminary screening of newer, 
unproven candidates can be conducted.  The decision of whether or not to utilize 
Screening Tests before conducting Performance and Special Tests lies solely with the 
invoking authority.  Successful completion of the Screening Tests qualifies a candidate 
for continued testing under the Performance Tests or evaluates the performance for 
qualitative purposes only.  Screening Tests can also be used in instances where a small 
production run is required, and/or where expedited use is required for a limited 
application.  However, consideration of a candidate for generalized military use, as 
defined in this JTP, can be accomplished only by successful completion of the 
Performance Tests, and Special Tests for special applications. 

 
Any candidate that is to be considered technically acceptable must meet at least the 
Minimum Performance (MP) criteria for each Performance or Special Test, as established 
in Section 4.0, Testing Requirements, Descriptions and Procedures.   
 
A failure analysis can be performed on any test specimen that fails Screening, 
Performance, or Special Tests to determine the cause of failure (see Section 5.0).  Failure 
in any test does not necessarily disqualify a candidate for use in all possible applications; 
however, use of a candidate that has failed Screening, Performance, or Special Tests is at 
the discretion of the invoking authority, and is outside the scope of this document.  
Following completion of testing and/or failure analysis, the JTR is forwarded to the 
vendor for transmittal to the invoking authority for review. 
 
Note that, in Figure 1, there are potential “infinite loops” that might occur due to 
continual testing failures.  To resolve this, the following procedure is to be followed.  If 
failure is still occurring after the third cycle for any of the Screening Tests, the testing 
process is to end, the failures are to be documented in the JTR, and the JTR is to be 
forwarded to the vendor for transmittal to the invoking authority for review and response.  
This procedure is likewise applicable for the Performance and Special Tests.  
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Figure 1.  Test Flow Diagram 
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The following example is provided to demonstrate how this JTP can be used for 
Screening, Performance, and Special Testing situations. 

 
Example # 1 

 
SITUATION: A vendor proposes a ZVOC coating for use on steel GSE. 

 
EVALUATION: 

 
1. The JTP directs the users to the JTP Test Flow Diagram.  The Feasibility Study is 

conducted, and initial assessments are made regarding topcoat and primer 
compatibility, environmental concerns, and overall business risk. 

2. The vendor decides that, since the candidate is new, the candidate will be 
subjected to Screening Tests prior to the initiation of the Performance Tests.  The 
JTP Test Flow Diagram leads the users to the Test Methods Matrix to determine 
the testing required for effective screening.   

3. The relevant test lab personnel begin the screening evaluation of the ZVOC 
coating. 

4. A JTR is written documenting the results of the Screening Tests and is forwarded 
to the vendor. 

5. Screening Test results indicate that the new ZVOC coating shows promise, as the 
corrosion performance level and adhesion was similar or better than the current 
corrosion protection system. 

6. The relevant test lab personnel conduct Performance Tests per the Test Method 
Matrix. 

7. A JTR is written documenting the results of the Performance Tests and is 
forwarded to the vendor for transmittal to the invoking authority for review. 

 
RESULT: The JTP establishes the requirements for consideration, as well as guidelines 
for preliminary testing (Screening Tests), and provides the methodology for documenting 
the relative performance of the candidate compared to current corrosion protection 
systems. 
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3.0 APPLICATION SCENARIOS 
 
3.1 Guidelines 
 

This section establishes the guidelines for testing a potential candidate for corrosion 
protection of steel, given various application scenarios. 

 
A generic model of a candidate and the various layers of materials that may be applied to 
the substrate to establish a corrosion protection system are shown in Figure 2. 

 
 

Figure 2.  Generic Substrate and Corrosion Protection System Model (not to scale) 
 

The above model represents a generic coating system with numerous layers of constituent 
materials that may be included as part of a candidate corrosion protection system.  Using 
this approach, guidelines for Screening, Performance, and Special Test procedures can be 
derived, even if the candidate consists of only some of the constituent layers shown in 
Figure 2. 
 
Table 1 lists the tests to be applied for Screening, Performance, and Special Tests, as well 
as the location of the test procedure within the JTP document. 

TOP COAT
PRIMER
CONVERSION COATING

SUBSTRATE



 

 Draft Joint Test Protocol – Validation of Pretreatment and Zero-VOC 
Topcoat for Navy Ground Support Equipment   

8 

Table 1.  Test Method Matrix 
 

SCREENING TESTS 
(conducted on coupons, about 1 month in duration) JTP Section 

Adhesion (Pull-off) 4.4.3 

Corrosion Resistance (cyclic) 4.4.4 
PERFORMANCE TESTS 

(conducted on actual or simulated parts, about 6 months in 
duration) 

JTP Section 

Adhesion (Dry) 4.4.1 

Adhesion (Wet) 4.4.2 

Adhesion (Pull-off) 4.4.3 

Corrosion Resistance (Cyclic) 4.4.4 

Chip Resistance 4.4.5 

Humidity Resistance Test 4.4.8 
SPECIAL TESTS 

(conducted on actual or simulated parts, up to 5 years in 
duration) 

JTP Section 

Field Exposure, Static 4.4.6 

Field Exposure, On-Vehicle 4.4.7 

 
The guidelines for testing candidates under this JTP are as follows: 

 
1. Select the test specimens or manufactured parts that accurately simulate current 

production material for testing of the candidate. 
2. Obtain approval for test procedure modification if applicable. 
3. Perform appropriate testing and obtain test results. 
4. Submit JTR to the vendor for transmittal to the invoking authority for review. 

 
3.2 Methodology 

 
Screening Tests shall be conducted on test panels made from the same material or alloy 
as the actual steel substrate.  The actual processes to be used in the preparation of the test 
panels shall be outlined in the JTR. 

 
Performance and Special Tests shall be conducted on sections of actual steel substrate or 
manufactured parts that accurately simulate current production material and 
manufacturing processes.  Mechanical conditions such as bends, welds, fasteners, 
crevices, etc., shall be incorporated when applicable.  The actual processes used in the 
test specimen preparation shall be outlined in the JTR.   
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4.0 TESTING REQUIREMENTS, DESCRIPTIONS AND PROCEDURES 
 

The stakeholders have established the requirements necessary to evaluate corrosion-
resistant candidates for use on U.S. military steel substrates.  These requirements have 
been used to identify test methods, derive test procedures, and establish acceptance 
criteria. 

 
Screening Test methods are identified along with acceptance criteria in Section 4.1.  
Performance Test methods are identified along with acceptance criteria in Section 4.2.   
 
Special Test methods are identified along with acceptance criteria in Section 4.3.  These 
are program-specific requirements identified by at least one of the stakeholders.  Special 
Tests are performed on sections of actual GSE vehicles or manufactured parts that 
accurately simulate current production material and manufacturing processes.   
 
It is recommended that different examples of substrates utilizing the candidate, if 
applicable, be tested concurrently to obtain maximum benefit from the testing effort.  
Questions regarding the different substrate materials shall be directed to the invoking 
authority. 
 
The candidate must pass the Performance and applicable Special Tests with at least 
Minimum Performance (MP) in order to be considered for military use.  Acceptance 
criteria for Improved Performance (IP) and Best Performance (BP) are provided as well, 
so that improved corrosion resistance with respect to the current corrosion protection 
system can be quantified.   
 
In instances where the JTP test method conflicts with the reference standard on 
which it is based, the JTP test method shall take precedence.   

 
All testing shall be performed at the vendor’s expense by a government or independent 
testing laboratory, which shall be agreed upon by the stakeholders.  The independent 
testing laboratory must either be accredited by a recognized governing body (such as the 
American Association for Laboratory Accreditation (A2LA) or the National Voluntary 
Laboratory Accreditation Program (NVLAP)), or be an ISO 9001 certified company 
having its own testing laboratory.  Testimonials shall be used for informational 
purposes only, and are not to be used in lieu of tests required under this JTP.  
Incorporation of previous studies performed on the candidate by an outside laboratory, at 
the request of the vendor, is at the discretion of the invoking authority.   
 
All tests shall be conducted in a manner that will eliminate duplication and maximize the 
use of each test specimen.  Where possible, more than one test shall be performed on each 
specimen.  The number and types of tests that can be run on any one specimen will be 
dependent upon the degree of alteration imparted to the sample from previous tests.  
Failure in any test does not necessarily disqualify a candidate for use in all possible 
applications; however, acceptance of a candidate that has failed Screening, Performance, 
or Special Tests is at the discretion of the invoking authority.  In this case, use of the 
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candidate will be justified by a special waiver which is outside the scope of this 
document. 

 
The tests described in this JTP may involve the use of hazardous materials, operations, 
and/or equipment.  This JTP does not address all safety issues associated with their use.  
It is the responsibility of each user of this JTP to establish appropriate safety and health 
practices, and to determine the applicability of regulatory limitations, prior to the use of 
such materials, operations, and/or equipment. 
 
The following conditions will apply to all Screening, Performance, and Special Testing, 
unless otherwise specified in an individual test description: 
 
• It is preferred that all test panels be produced from the same material lot. 
• It is suggested that at least three specimens be used for Screening Tests, and at 

least three specimens be used for Performance and Special Tests. 
• Unless otherwise specified, all test specimens shall be cleaned, pretreated, and 

primed prior to topcoating in accordance with the latest version of American 
Society for Testing and Materials (ASTM) G1, “Standard Practice for Preparing, 
Cleaning, and Evaluating Corrosion Test Specimens.”   

• Pretreatment, primer, and topcoat used on the test specimens will be dependent 
upon the candidate under scrutiny, and shall be specified in the JTR. 

 
It is recommended that users of this JTP obtain copies of previous JTRs, if available, 
from the invoking authority for additional test details or minor modifications that were 
necessary in the execution of previous testing. 

 
4.1 Screening Testing Requirements 
 

Table 2 lists all Screening Testing requirements identified by stakeholders for evaluating 
candidates on steel substrate.   
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Table 2.  Screening Testing Requirements 
 

JTP 
Section 

Test Acceptance Criteria Test Method 
References 

 
4.4.3 Adhesion (Pull-off) No interlayer pull off failure between 

topcoat and primer shall be below 1200 
psi 

ASTM-4541   Pull-off 
Adhesion 

4.4.5 Corrosion 
Resistance (Cyclic) 

After 40 cycles: 
steel substrate average rating > 4 scribed 

 

GM 9540P 
ASTM D714 
ASTM D1654 

 
Screening Tests are performed on test panels made from representative steel substrate 
material.  It is preferred that all test panels be produced from the same material lot, and it 
is desirable that the processing pedigree be well documented in the JTR.  The candidate 
must pass the acceptance criteria of each Screening Test.  Results of the Screening Tests 
are reported in the JTR and submitted to the vendor for transmittal to the invoking 
authority.   

 
The Screening Tests (identified in Table 2) are further defined in Section 4.4, with test 
descriptions, scope, and methodology.  Also included are any major or unique equipment 
and instrumentation requirements, reagents, procedures, and acceptance criteria.  The 
procedure identifies the test specimen preparation, test procedure, and method for 
collecting and reporting test results. 

 
4.2 Performance Testing Requirements 
 

Table 3 lists all Performance Testing requirements identified by stakeholders for 
evaluating candidates on commonly used steel substrates.  The tests (listed below) shall 
be conducted for non-traditional substrates and applications. 
 

Table 3.  Performance Testing Requirements 
 
JTP 

Section 
Test Acceptance 

Criteria, 
Minimum 

Performance 
(MP) 

Acceptance 
Criteria, 

Improved 
Performance 

(IP) 

Acceptance 
Criteria, 

Best Performance 
(BP) 

Test Method 
References 

 

4.4.1 
 

Adhesion (Dry) Adhesion rating 
(steel) > 4B; 

adhesion rating  
 

N/A Adhesion rating 
(steel) = 5B; 

adhesion rating  
 

ASTM D3359 

4.4.2 Adhesion 
(Wet) 

Scribed area rating 
(steel) > 3A after 

24 hours at 
ambient; 

 

Scribed area rating 
(steel) > 3A after 

96 hours at 120°F; 
 

Scribed area rating 
(steel) > 4A after 

168 hours at 150°F; 
 

Fed-Std 141, Method 
6301.3 

ASTM D3359 
 

4.4.3 Adhesion 
(Pull-off) 

 

Minimum average 
30 events rating of  

1200 PSI 

Minimum average 
30 events rating of 

1800 PSI 

Minimum average 
30 events rating of 

2500 PSI 

ASTM D 4541 
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4.4.4 Corrosion 
Resistance 
(Cyclic) 

After 60 cycles: 
steel substrate 

average rating > 5 
scribed 

 

After 60 cycles: 
steel substrate 

average rating > 7 
scribed 

 

After 60 cycles: 
steel substrate 

average rating > 9 
scribed 

 

GM 9540P 
ASTM D714 

ASTM D1654 

4.4.5 Chip Resistance After one cycle, 
chip rating NLT 

5B for steel, 7C for 
aluminum 

After one cycle, 
chip rating NLT 

7C for steel, 8B for 
aluminum 

After one cycle, 
chip rating NLT 

9C for steel, 9B for 
aluminum 

SAE J400 
 

4.4.8 Humidity 
Resistance Test 

There shall be no signs of blistering, softening, or exhibiting any 
loss of adhesion for no less than 30 days exposure in a humidity 

cabinet maintained at 49C +/- 2C (120F +/-3F) and 100% 
relative humidity (RH) 

ASTM D2247 
MIL-PRF-85285C 

NLT = not less than 
 
Performance Tests are performed on sections of actual steel substrate or manufactured 
parts that accurately simulate current production material and manufacturing processes.  
Results of the Performance Tests are reported in the JTR and submitted to the vendor for 
transmittal to the invoking authority. 
 
The Performance Tests (identified in Table 3) are further defined in Section 4.4, with test 
descriptions, scope, and methodology.  Also included are any major or unique equipment 
and instrumentation requirements, reagents, procedures, and acceptance criteria.  The 
procedure identifies the test specimen preparation, test procedure, and method for 
collecting and reporting test results. 
 

4.3 Special Testing Requirements 
 
Table 4 lists Special Testing requirements identified and required by some (but not all) 
stakeholders for evaluating candidates. 
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Table 4.  Special Testing Requirements 
 

JTP 
Section 

Test Acceptance 
Criteria, 

Minimum 
Performance 

(MP) 

Acceptance 
Criteria, 

Improved 
Performance 

(IP) 

Acceptance 
Criteria, 

Best 
Performance 

(BP) 

Test Method 
References 

 

Branch/ 
Stakeholders/ 

Service 
Requiring Test 

4.4.6 Field 
Exposure, 

Static 

Three years of 
exposure: 

specimen has 
a minimum of 

25% less 
creepage from 

scribe than 
current 

corrosion 
protection 

system 

Four years of 
exposure: 

specimen has a 
minimum of 

50% less 
creepage from 

scribe than 
current 

corrosion 
protection 

system 

Five years of 
exposure: 

specimen has a 
minimum of 

75% less 
creepage from 

scribe than 
current 

corrosion 
protection 

system 

Approved test 
site standard 

practice  
ASTM G50 
ASTM G7 

ASTM D1654 

As required by 
the invoking 

authority 

4.4.7 Field 
Exposure, 

On-Vehicle 

Three years 
exposure 

greater than or 
equal to the 
base vehicle 
(baseline) or 

control sample 
using Society 
for Protective 

Coatings 
SSPC-VIS-2 

“Standard 
Method for 

Evaluating the 
Degree of 
Rusting on 

Painted Steel 
Surfaces”  

Four years 
exposure 

greater than or 
equal to the 
base vehicle 
(baseline) or 

control sample 
using Society 
for Protective 

Coatings 
SSPC-VIS-2 

“Standard 
Method for 

Evaluating the 
Degree of 
Rusting on 

Painted Steel 
Surfaces”  

Five years 
exposure 

greater than or 
equal to the 
base vehicle 
(baseline) or 

control sample 
using Society 
for Protective 

Coatings 
SSPC-VIS-2 

“Standard 
Method for 

Evaluating the 
Degree of 
Rusting on 

Painted Steel 
Surfaces”  

ASTM D1654 
ASTM D714 

As required by 
the invoking 

authority 

NLT = not less than 
 

Unless otherwise noted, Special Testing shall be performed on sections of actual steel 
substrate or manufactured parts that accurately simulate current production material and 
manufacturing processes.  Results of the Special Tests are reported in the JTR and 
submitted to the vendor for transmittal to the invoking authority. 
 
The Special Tests (identified in Table 4) are further defined in Section 4.4, with test 
descriptions, scope, and methodology.  Also included are any major or unique equipment 
and instrumentation requirements, reagents, procedures, and acceptance criteria.  The 
procedure identifies the test specimen preparation, test procedure, and method for 
collecting and reporting test results. 
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4.4 Test Descriptions 
 
4.4.1 Adhesion (Dry - ASTM D3359) 
 
4.4.1.1 Scope 
 

This test method assesses the adhesion of coatings to substrates by applying and 
removing pressure-sensitive tape over cuts made in the coating. 

 
4.4.1.2 Equipment 
 

Cutting Tool.  A very sharp razor blade, scalpel, knife, or other cutting device having a 
cutting edge (tip) angle between 15 and 30 degrees. 
Cutting Guide.  Steel or other hard metal straightedge to ensure straight cuts. 
Rule.  A steel rule graduated in 0.5-millimeter (mm) (0.02") increments for measuring 
individual cuts. 
Tape.  3M (1" wide Scotch masking tape, Core Series 4-1900, manufactured by 3M, St. 
Paul, MN 55144).  NOTE: 3M tape has a one-year shelf life.  Utilizing the tape after this 
time may yield inaccurate results.   
Roller.  A 4.5-pound (lb) rubber-covered roller. 
Illumination.  A light source to determine whether the cuts have been made through the 
coating into the substrate. 
Dry Film Thickness Gage.  A device to measure the thickness of the applied coating. 

 
4.4.1.3 Reagents 
 

None. 
 
4.4.1.4 Procedure 

 
Test Specimens.  Prepare at least three test specimens for Screening Testing and at least 
five specimens for Performance Testing.  For Screening Testing, use 102 x 152 mm) (4" 
x 6" test panels, composed of the material that is utilized in the end application.  For 
Performance Testing, sections of actual or simulated steel parts shall be used (see Section 
3.2). 
Preparation.  Using test specimens incorporating the candidate, measure the dry film 
thickness in at least five areas.  Make cuts in the coating system per the latest version of 
ASTM D3359, “Standard Test Methods for Measuring Adhesion by Tape Test – Cross-
Cut Tape Test.”  Remove two laps of tape and discard.  Remove an additional length of 
tape and cut a piece approximately 76 mm (3") long.  Place the center of the tape over the 
grid and smooth into place by passing the roller over the area once. 
Test Procedure.  Within 90 + 30 seconds of tape application, remove the tape by holding 
the free end and rapidly pulling (not jerking) back upon itself at as close to an angle of 
180 degrees as possible. 
Test Results.  Inspect the grid area for removal of coating from the substrate or from a 
previous coating.  Rate the adhesion in accordance with the latest version of ASTM 
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D3359, Test Method B.  If ratings differ by more than one rating unit, the results are 
considered suspect and three additional test specimens for Screening Testing and five 
additional test specimens for Performance Testing shall be prepared and the tests 
repeated.  If applicable, use these latter ratings in the report. 
Report.  Report all information per the latest version of ASTM D3359 Test Method B.  In 
addition, report the average of the five dry film thickness measurements (as measured by 
thickness gauge). 

 
4.4.1.5 Acceptance Criteria 
 

Substrate Acceptance Criteria, 
Minimum 

Performance (MP) 

Acceptance Criteria, 
Improved Performance 

(IP) 

Acceptance Criteria, 
Best Performance 

(BP) 
Steel Adhesion rating > 4B N/A Adhesion rating = 5B 

 
 
4.4.2 Adhesion (Wet – FED-STD-141, Method 6301.3 and ASTM D3359) 
 
4.4.2.1 Scope 
 

This test method describes the procedure and conditions for assessing the wet adhesion of 
coatings to metallic substrates by applying and removing pressure-sensitive tape over cuts 
made in the coating. 

 
4.4.2.2 Equipment 
 

Tank and Tank Cover.  A tank made from corrosion-resistant materials and large enough 
to hold the required number of test specimens.  The tank cover is required to help 
maintain water temperature and prevent evaporation. 
Heaters.  Heaters capable of maintaining the required water temperature (see Section 
4.4.2.4, Procedure). 
Circulation System.  A pump or stirrer required for circulating the water in the water tank, 
capable of low to moderate agitation speeds.  
Test Specimen Supports.  Supports constructed of nonconductive and corrosion-resistant 
materials to hold the coated test specimens 30 mm (1.2") apart and at least 30 mm (1.2") 
from the bottom and sidewalls of the tank. 
Cutting Tool.  A very sharp razor blade, scalpel, knife, or other cutting device having a 
cutting edge (tip) angle between 15 and 30 degrees. 
Cutting Guide.  Steel or other hard metal straightedge to ensure straight cuts. 
Rule.  A steel rule graduated in 0.5-mm (0.02") increments for measuring individual cuts. 
Tape.  3M (1" wide Scotch masking tape, Core Series 4-1900, manufactured by 3M, St. 
Paul, MN 55144).  NOTE: 3M tape has a one-year 
shelf life.  Utilizing the tape after this time may yield inaccurate results.   
Roller.  A 4.5-lb rubber-covered roller. 
Illumination.  A light source to determine whether the cuts have been made through the 
coating to the substrate. 
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Dry Film Thickness Gage.  A device to measure the thickness of the applied coating. 
 
4.4.2.3 Reagents 
 

Distilled Water.  Conforming to Type IV water as described in the latest version of 
ASTM D1193. 

 
4.4.2.4 Procedure 

 
Test Specimens.  At least three test specimens shall be used for Screening Testing and at 
least five specimens for Performance Testing.  For Screening Testing, use 102 x 152 mm 
(4" x 6") test panels, composed of the material that is utilized in the end application.  For 
Performance Testing, use sections of actual or simulated steel substrate (see Section 3.2). 
Preparation.  Using test specimens incorporating the candidate, measure the dry film 
thickness in at least five areas. 
Test Procedure.  For the Screening and Minimum Performance Tests, immerse the test 
specimens in ambient (room temperature) distilled water for 24 hours.  For Improved 
Performance, immerse the test specimens in distilled water maintained at 49 + 2°C (120 + 
4°F) for 96 hours.  For Best Performance, immerse the test specimens in distilled water 
maintained at 66 + 2°C (150 + 4°F) for 168 hours.  Remove the test specimens from the 
water and wipe dry with a soft cloth.  Within 90 + 30 seconds after removal from the 
water, make cuts in the coating system with two parallel lines, 19 mm (0.75") apart, and 
place an “X” scribe within the parallel lines.  Make the “X” lines about 38 mm (1.5") 
long and intersecting at 30–45 degrees in the center of the parallel lines.  Remove two 
laps of tape and discard.  Remove an additional length of tape and cut a piece 
approximately 75 mm (3") long.  Place the center of the 25 mm (1") wide tape over the 
center of the “X” and smooth into place by passing the roller over the area once.  Remove 
the tape by holding the free end and rapidly pulling (not jerking) back upon itself at as 
close to an angle of 180 degrees as possible. 
Test Results.  Rate the adhesion in accordance with the latest version of ASTM D3359, 
Method A “Measuring Adhesion by Tape Test – X-Cut Tape Test.” 
Report.  Report all information per the latest version of ASTM D3359, Method A.  In 
addition, report the average of the five dry film thickness measurements. 

 
4.4.2.5 Acceptance Criteria 
 

Parameter Acceptance Criteria, 
Minimum Performance 

(MP) 

Acceptance Criteria, 
Improved Performance 

(IP) 

Acceptance Criteria, 
Best Performance 

(BP) 

Scribed Area Rating > 4A > 4A > 4A 
Immersion Period 24 hours 96 hours 168 hours 

Water Temperature ambient 49°C (120°F) 66°C (150°F) 
 
 
4.4.3 Adhesion (Pull off - ASTM D-4541) 
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4.4.3.1 Scope 
 

This test method covers a procedure for evaluating the pull-off strength (commonly 
referred to as adhesion) of a coating by determining either the greatest perpendicular 
force (in tension) that a surface area can bear before a plug of material is detached, or 
whether the surface remains intact at a prescribed force (pass/fail).  Failure will occur 
along the weakest plane within the system comprised of the test fixture, adhesive, coating 
system, and substrate, and will be exposed by the fracture surface.  This test method 
maximizes tensile stress as compared to shear stress applied by other methods, such as 
scratch or knife adhesion, and results may not be comparable.  Further, pull-off strength 
measurements depend upon both material and instrumental parameters.  Results obtained 
using different devices or results for the same coatings on substrates having different 
stiffness may not be comparable. 

 
4.4.3.2 Equipment 
 

Adhesion Tester.  Commercially available or comparable apparatus as described in 
Annex A1-Annex A4 of ASTM D 4541. 
Loading  Fixtures.  Devise having a flat surface on one end that can be adhered to the 
coating and a means of attachment to the tester on the other end. 
Detaching Assembly.  (adhesion tester) A central grip for engaging the fixture. 
Base.  Part of the detaching assembly, or an annular bearing ring if needed for uniformly 
pressing against the coating surface around the fixture either directly, or by way of an 
intermediate bearing ring. A means of aligning the base is needed so that so that the 
resultant force is normal to the surface and a means of moving the grip away from the 
base in as smooth and continuous manner as possible so that a torsion-free, co-axial 
(opposing pull of the grip and push of the base along the same axis) force results between 
them. 
Timer. Means of limiting the rate of stress to less than 150 psi/s (1PPa/s) so that the 
maximum stress is obtained in less than about 100s.  A timer is the minimum equipment 
when used by the operator along with the force indicator. 
 

 
4.4.3.4 Procedure 
 

Test Specimens.  At least 10 test pulls shall be used for the Screening Testing and at least 
30 test pulls shall be used for the Performance Testing. 
Preparation.  There are a few physical restrictions imposed by the general methods and 
apparatus.  The following requirements apply: 
The selected test area must be a flat surface large enough to support the test fixture. 
The selected area must have enough perpendicular and radial clearance and be rigid 
enough to support the counter force. 
Test Procedure.  Clean the loading fixture and the coating surface to be bonded.  Use care 
to select only those solvents which will not attack the coating and/or leave residues on the 
fixture.  Prepare the adhesive in accordance with the adhesive manufacturer’s 
recommendations.  Apply the adhesive to the fixture or the surface to be bonded using a 
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procedure recommended by the adhesive manufacturer being certain the entire bonding 
surface is covered.  Based on the manufacturer’s recommendations, allow enough time 
for the adhesive to cure.  Carefully connect the central grip of the detaching assembly to 
the loading fixture without bumping, bending, or otherwise prestressing the sample and 
connect the detaching assembly to its control mechanism, if necessary.  After setting the 
force indicator to zero, increase the load to the fixture in as smooth and continuous 
manner as possible, at a rate of less than 150 psi/s (1 MPa/s) so that failure occurs or the 
maximum stress is reached in about 100 s or less. 
Test Results.  Rate the average results of each set of events. 
 
 

4.4.3.5 Acceptance Criteria (See Table 3) 
Substrate Screening 

Test 
Acceptance Criteria, 

Minimum 
Performance (MP) 

Acceptance Criteria, 
Improved 

Performance 
(IP) 

Acceptance 
Criteria, 

Best Performance 
(BP) 

Steel 
 

Minimum 
average 10 

events rating 
of  

1200 PSI 

Minimum average 30 
events rating of  

1200 PSI 

Minimum average 
30 events rating of 

1800 PSI 

Minimum average 30 
events rating of 2500 

PSI 

 
4.4.4 Corrosion Resistance (Cyclic - GM9540P) 
 
4.4.4.1 Scope 
 

This test method describes a field-correlated, laboratory corrosion test method for 
determining cosmetic corrosion performance that provides a combination of cyclic 
conditions (salt solution immersion, temperature, and humidity) to accelerate the 
corrosion process. 

 
4.4.4.2 Equipment 
 

Test Cabinet.  Test cabinet with the ability to obtain and maintain the required 
environmental conditions as specified in GM9540P. 
Scribe Tool.  An ANSI B 94.50, style E scriber. 
Imaging System.  A means of visually recording corrosion effects on all test specimens, 
such as a camera or scanner/software system. 
Air Source.  A source of clean, dry compressed air capable of delivering at least 10 cfm 
at 80 psi. 
Scale.  A ruler with 1-mm (0.04") divisions. 
Balance.  A digital electronic balance capable of weighing up to 10,000 mg with an 
accuracy of + 1%. 
Straightedge.  Any straightedge of sufficient length to guide the scribing tool in a straight 
line. 
pH Meter.  A meter to measure the pH of the salt solution prior to the start of the test and 
on a weekly basis thereafter. 
Putty Knife.  Blunt-edged, 38 mm (1.5") wide. 
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4.4.4.3 Reagents 
 

Distilled Water.  Conforming to Type IV water as described in the latest version of 
ASTM D1193. 
Cleaning Solution.  Methanol. 
Sodium Chloride. Substantially free of nickel and copper and containing not more than 
0.1% sodium iodide and not more than 0.3% total impurities by weight. 
Calcium Chloride. 
Sodium Bicarbonate. 

 
4.4.4.4 Procedure 
 

Test Specimens.  Actual or simulated steel  shall be used for test specimens (see Section 
3.2).  The number of test specimens depends on the number of cycles selected for the test 
exposure duration.  Use reference coupons consisting of uncoated 25 x 51 x 3 mm (1" x 
2" x 1/8") pieces of any alloy American Iron and Steel Institute (AISI) 1006 through 
1010 steel to monitor the average general bare steel corrosion produced by the test 
environment.  The coupon weight in milligrams shall be recorded and retained for future 
reference.  The number of coupons also depends on the number of cycles selected for the 
test exposure duration.  Each test specimen and reference coupon shall be permanently 
identified by stamping numbers onto the surface. 
Preparation.  Using test specimens incorporating the candidate, scribe an X scribe 
through the coating, making sure that the scribed line is all the way through the coating to 
the substrate.  Place the scribed test specimens and reference coupons in the chamber, 
leaning at an angle of at most 15 degrees from the vertical with the scribed surface facing 
upwards.  Prepare the salt solution per GM9540P and measure the pH prior to the start of 
the test and on a weekly basis thereafter.  Do not attempt to adjust the pH.  Clean the 
reference coupons (bare steel bars) thoroughly with the cleaning solution prior to placing 
them in the exposure chamber.   
Test Procedure.  For the MP level, use test duration of 80 cycles; for the IP and BP levels, 
use a test duration of 120 cycles.  After initially weighing each reference coupon and test 
specimen, install both the reference coupons and test specimens in the exposure chamber.  
After every 20 cycles, remove two coupons and two test specimens.  Weigh each 
reference coupon (after removal of the rust layers) and determine the average weight loss 
for that specific number of cycles.  For the test specimens, record the scribe creepback 
values with respect to average, ASTM-D1654.  For the interim creepback measurements, 
conduct them in a rinsed-only condition.  At the final number of cycles, two sets of 
creepback values will be recorded – one set in a rinsed-only condition and one set after 
the scrape-and-tape process. 
Test Results.  At the conclusion of the exposure period (or interim period), remove the 
test specimens and rinse.  Scrape test specimens side-to-side with the putty knife at a 30-
degree contact angle.  Evaluate the creepage of the test specimens per the latest version of 
ASTM D1654 for scribed areas and D714 for unscribed.  Rate the corrosion or loss of 
coating extending from the scribe mark (using the worst case for the rinsed or scraped 
methods) and evaluate the unscribed areas for corrosion spots, blisters, and any other 
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types of failure that may occur.  Photographically document each of the test specimens 
and the reference coupons using the imaging system.  Clean the reference coupons using 
a mild sand (or glass bead) blast to remove all corrosion by-products.  Once they are 
clean, wipe the coupons with methanol and weigh to determine weight loss.  Corrosion 
losses may also be expressed in terms of average corrosion rates from the weight loss, 
coupon area, test duration, and metal density by use of the calculation described in 
ASTM G1. 
Report.  Report all information required in ASTM D714, and ASTM D1654, including 
the photographs from the imaging system, and weight loss and/or corrosion rate of the 
reference coupons. 
 

4.4.4.5 Acceptance Criteria 
 

Parameter Screening Test 
Acceptance Criteria 

Acceptance Criteria, 
Minimum Performance 

(MP) 

Acceptance Criteria, 
Improved Performance 

(IP) 

Acceptance Criteria, 
Best Performance  

(BP) 
Cycles 40 60 60 60 

Scribed Area Rating > 4 > 5 > 7 > 9 
Unscribed Area 

Rating > 5F > 6F > 6F > 8F 

 
 
4.4.5 Chip Resistance (SAE J400) 
 
4.4.5.1 Scope 
 

The Chip Resistance test is designed to reproduce the effect of gravel or other media 
striking exposed painted and/or coated surfaces of a vehicle and has been correlated to 
actual field results.  The purpose of this test is to evaluate the chip resistance of flat test 
specimens incorporating the candidate. 

 
4.4.5.2 Equipment 

 
Gravelometer.  As specified in SAE J400 with the test panel at a 45-degree angle. 
Test Cabinet.  Temperature conditioning (usually run at ambient or lower temperature) 
with the ability to obtain and maintain the required environmental conditions as specified 
in SAE J400. 
Transparent Grid.  Approximately 3.2 x 127 x 127 mm (1/8" x 5" x 5") on which a 101.6 
x 101.6 mm (4" x 4") grid of 25.4 mm (1") squares has been etched or scribed.   
Paint Removal Tape.  100 mm (3.94") wide or 50 mm (1.97") wide, 3M product # 898 
filament strapping tape or equivalent.  NOTE: Note that the tape has a one-year 
shelf life.  Utilizing the tape after this time may yield inaccurate results.   
Gravel.  Water-worn road gravel, not crushed limestone or rock.  The gravel will pass 
through 15.86 mm (5/8") space screen when graded, but be retained on 9.53 mm (3/8") 
space screen.  Gravel must be changed in accordance with SAE J400 Section 4.2. 
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4.4.5.3 Reagents 
 

None. 
 
4.4.5.4 Procedure 

 
Test Specimen.  Screening and Performance test specimens shall be panels, composed of 
the material that is utilized in the end application.  The chipped area to be evaluated on 
the tested panel shall be flat and 101.6 x 101.6 mm (4" x 4") square and must be located 
about the center of the chipped pattern.  SAE recommends that three replicates of each 
test panel be exposed in the Gravelometer.  The composition, surface preparation, and 
size of panels; the type and thickness of the coating and the number and method of 
application; and the aging conditions for the coatings shall be agreed upon between the 
vendor and invoking authority. 
Test Setup/Preparation.  Condition the test panels incorporating the candidate at the 
temperature specified in SAE J400 for a minimum of 15 minutes prior to testing.  Fill a 
0.473-liter (1-pt) container to the top with grated/screened gravel.  Gravel must be 
changed every 3 runs.  Adjust air pressure on the Gravelometer to 483 kilopascals (kPa) 
(70 psi) +/- 21 kPa (0.30 psi) with the air valve open.  Set feed rate so that the hopper 
empties in 7–10 seconds per pint (s/pt).  Other air pressures can be used as agreed upon 
by the vendor and invoking authority. 
Test Procedure for Modular Gravelometer with Electronic Feed Mechanism.  Insert the 
test panel into the specimen holder assembly.  Clamp panel and close the specimen 
holder.  Pour gravel from the one-pint container into hopper, then set the test timer. 
a. Time Test 
Set the test timer to the desired test time (typically < 10 s). 
Turn the main power switch to ON. 
Flip the control switch to TIME START. 
b. Manual Test 
See SAE J400 Section 4.2.3.2. 
Chipping Rating System.  The basic structure of the chipping rating system consists of 
one or more number-letter combinations in which rating values/numbers 10–0 indicate 
the number of chips of each size with rating letters A–D designating the sizes of the 
corresponding chips.  Tables 5 and 6 provide guidelines for Rating Criteria as stated in 
SAE J400.  A point of failure notation can also be used if desired (see Table 7).  

 
Table 5.  Rating for Number of Chips Within 4" x 4" Grid Lines 

 
Rating Number # of Chips Rating Number # of Chips 

10 0 4 50–74 
9 1 3 75–99 
8 2–4 2 100–149 
7 5–9 1 150–250 
6 10–24 0 > 250 
5 25–49   
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Table 6.  Rating for Size of Chips 
 

Rating Letter Size of Chips 
A < 1 mm (approximately 0.03") 
B 1–3 mm (approximately 0.03–0.12") 
C 3–6 mm (approximately 0.12–0.25") 
D > 6 mm (> approximately 0.25") 

 
      

Table 7.  Point of Failure 
 

Notation Level of Failure Failure Type 
(S/P) Substrate to Primer Adhesional 
(S/T) Substrate to Top Coat Adhesional 
(P) Primer Cohesional 

(P/T) Primer to Top Coat Adhesional 
(T) Top Coat Cohesional 

 
 

Method 1 – Exact Counting Procedure.  This very precise method shall be used where 
definitive accuracy is required or as the referee method in case differences arise between 
laboratories. 
a) Use the transparent overlay onto which has been etched a 101.6 x 101.6 mm (4" x 

4") grid of 25.4 mm (1") squares as a location reference to aid the counting/rating 
process.   

b) Examine all chips that are within each 25.4 mm (1") square, and estimate the size 
of each chip as encountered; examine all 16 squares and record the summed 
results. 

c) Convert the actual number of chips counted for each size into the number-letter 
combinations utilizing Tables 5 and 6.  Then arrange the number-letter ratings in 
ascending order (by number then letter).  Summarize the number-letter ratings to 
give a condensed single number rating based on the total number of chips of all 
sizes followed by all applicable letter ratings to indicate the relative number of 
chips of each size. 

Method 2 – Visual Comparison Procedure.  This faster method shall be used for many 
routine laboratory evaluations where accuracy is not required. 
a) Visually compare the area to be rated with the standards (SAE J400, Figure 3). 
b) As with Method 1, list the ratings in ascending order.  Summarize the number-

letter ratings to give a condensed single number rating based on the total number 
of chips of all sizes followed by all applicable letter ratings to indicate the relative 
number of chips of each size. 

Test Results.  Visually evaluate the resistance of the coating surface to chipping by gravel 
impact using the transparent grid and the rating scheme (Tables 5, 6 and 7, and Method 1 
and Method 2). 
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Reports.  Report the summarized number-letter rating and all applicable test conditions.  
In addition, report the substrate material type and thickness; any preliminary surface 
treatment of test panels; the type of surface coatings; baking/aging or pertinent processing 
schedules; and the film thickness of the coating system being evaluated. 

 
4.4.5.5 Acceptance Criteria 
 

Substrate Acceptance Criteria, 
Minimum Performance 

(MP) 

Acceptance Criteria, 
Improved Performance 

(IP) 

Acceptance Criteria, 
Best Performance 

(BP) 

Steel After one cycle, chip 
rating not less than 5B 

After one cycle, chip 
rating not less than 7C 

After one cycle, chip 
rating not less than 9C 

 
 
4.4.6 Field Exposure, Static (ASTM G50) 
 
4.4.6.1 Scope 
 

This test method describes a basic procedure for conducting outdoor testing of specimens 
incorporating of candidates for GVFSs. 

 
4.4.6.2 Equipment 
 

Standard Racks.  See Section 5 of ASTM G50. 
Scribe Tool.  An ANSI B 94.50, style E scriber. 
Straight-edge.  Any straight-edge of sufficient length to guide the scribing tool in a 
straight line. 
Balance.  A digital electronic balance capable of weighing up to 10,000 mg with an 
accuracy of +/- 1%. 

 
4.4.6.3 Reagents 
 

Cleaning Solution - Methanol. 
 
4.4.6.4 Procedure 

 
Test Specimens.  Prepare at least 10 specimens consisting of sections of actual GVFSs or 
manufactured parts that accurately simulate current production material and 
manufacturing processes, incorporating the candidate, and 10 specimens incorporating the 
current corrosion protection system.  Each test specimen and reference coupon shall 
contain a clear identification mark.  Use reference coupons consisting of uncoated 25 x 51 
x 3 mm (1" x 2" x 1/8") pieces of any alloy AISI 1006 through 1010 steel to monitor the 
average general bare steel corrosion produced by the test track environment.  The 
reference coupons shall be thoroughly cleaned using the cleaning solution.  The coupon 
weight in milligrams shall be recorded and retained for future reference. 
Test Sites.  Test sites shall be chosen at a number of locations representative of the 
atmospheric environments where the military vehicle is likely to be used.  
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Preparation.  Using test specimens incorporating the candidate and the current corrosion 
protection system, scribe a single diagonal line making sure that the scribed line is all the 
way through the coating into the substrate.   
Test Procedure.  Attach the test specimens and reference coupons to the racks at the 
approved test site and test in accordance with the test site standard practice, ASTM G50, 
“Standard Practice for Conducting Atmospheric Corrosion Tests on Metals”. ASTM G50 
recommends a multi-year exposure period to minimize the variability of environmental 
(industrial and natural) factors influencing the atmospheric corrosivity of a test site.  
Monitor environmental factors in accordance with ASTM G50.  Evaluate the 
performance of the candidate and current corrosion protection system test specimens, and 
reference coupons at six-month intervals and at the completion of the exposure period.  
At the end of the exposure period, clean the reference coupons using a mild sand (or glass 
bead) blast to remove all corrosion by-products.   
Test Results.  Inspect the test specimens and reference coupons for any signs of 
degradation.  Measure scribe creep in accordance with ASTM D1654.  Once clean, wipe 
coupons with methanol and weigh to determine weight loss.  Corrosion losses may also 
be expressed in terms of average corrosion rates from the weight loss, coupon area, test 
duration, and metal density by use of the calculation described in ASTM G1. 
Report.  Report observations in accordance with the test site standard practice, ASTM 
G50, including environmental factors monitoring, and weight loss and/or corrosion rate 
of the reference coupons.  
 

4.4.6.5 Acceptance Criteria 
 

Test Acceptance Criteria, 
Minimum Performance 

(MP) 

Acceptance Criteria, 
Improved Performance 

(IP) 

Acceptance Criteria, 
Best Performance 

(BP) 
Field Exposure, 

Static 
Three years of exposure: 
specimen has a minimum 

of 25% less creepage 
from scribe than current 

corrosion protection 
system 

Four years of exposure: 
specimen has a minimum 
of 50% less creepage from 

scribe than current 
corrosion protection 

system 

Five years of exposure: 
specimen has a minimum 

of 75% less creepage 
from scribe than current 

corrosion protection 
system 

 
4.4.7 Humidity Resistance Test (MIL-PRF-85285 and ASTM D2247) 
 
4.4.7.1 Scope 
 

This practice covers the basic operating procedures for testing water resistance of 
coatings by exposing coated specimens in an atmosphere maintained at 100% relative 
humidity so that condensation forms on the test specimens.  

 
4.4.7.2 Equipment 
 
 Humidity Cabinet 
 
4.4.7.3 Reagents 
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 Reagent water conforming to the requirements of Type IV for Specification D 1193. 
 
4.4.7.4 Procedure 
 

Test Specimens. Define the type and number of test specimens to be used in the 
specification, describing the material and product being tested. The test specimens should 
be supported 15o from vertical. 
 
Test Procedure. Fill the tank with reagent water. The water level in the chamber should be 
approximately 6” (15cm), above the bottom of the chamber. The level of water in the 
heating jacket should be approximately 12” (30cm), above the bottom of the chamber. 
The specimens should be placed at a level above the water in the heating jacket to insure 
proper condensation.  Adjust the temperature of the saturated air and water vapor mixture 
to 49 + 2oC (120o + 3oF).  Arrange specimens so that the condensate from one specimen 
cannot drip on other specimens. Close lid of cabinet. Turn cabinet on, insuring pressure at 
the humidifying tower is at 100kPa (15psi) and that the water is bubbling. According to 
MIL-PRF-85285, the specimens should withstand exposure for no less than 30 days in a 
humidity cabinet.  
 
Test Results.  Wipe the test specimens dry and inspect for any signs of color change, 
blistering, loss of adhesion, softening, or embrittlement in accordance with ASTM D 
2247 and MIL-PRF-85285.   
 
Report.  Report observations in accordance with ASTM D 2247 and MIL-PRF-85285.  
 
Test Acceptance 

Criteria, 
Minimum 

Performance 
(MP) 

Acceptance 
Criteria, 

Improved 
Performance 

(IP) 

Acceptance 
Criteria, 

Best Performance 
(BP) 

Test Method 
References 

 

Humidity 
Resistance Test 

There shall be no signs of blistering, softening, or exhibiting any 
loss of adhesion for no less than 30 days exposure in a humidity 

cabinet maintained at 49C +/- 2C (120F +/-3F) and 100% 
relative humidity (RH) 

ASTM D2247 
MIL-PRF-85285C 
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5.0 FAILURE ANALYSIS 
 

To be considered for use as a replacement for the current corrosion protection system, a 
candidate must pass all tests.  The failure of any Screening, Performance, or Special Test 
shall be documented in the JTR.  At the candidate vendor's request and expense, a failure 
analysis procedure can be undertaken to determine the failure mechanisms.  Such failure 
analysis can be a useful vendor option to identify and correct failure mechanisms prior to 
retesting.  However, after failing any of the Screening, Performance, or Special Tests for 
the third time, further iterations of that test are not permitted.  Instead, the JTP process 
shall be ended and the results noted in the JTR.  The JTR shall then be forwarded to the 
vendor for transmittal to the invoking authority for review.   
 
In the event of any testing-related dispute between vendor and tester, such as causes of 
premature failure, a third-party testing lab will be mutually agreed upon as a credible 
testing source by the invoking authority. This Product Failure Laboratory (PFL) must 
have no pre-existing connections to either the vendor of the candidate or the original 
laboratory that conducted the testing.  The process flow is illustrated in Figure 1, which 
appears in Section 2.0, JTP Document Guide. 

 
Marginal test results must be either overcome by retesting or documented before 
rejecting/failing the candidate.  Failure in any test does not necessarily disqualify a 
candidate for use in all possible applications. 
 
The initial JTR and all related JTRs (specifically those documenting failure analyses) 
shall be submitted to the vendor for transmittal to the invoking authority for review. 
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6.0 REFERENCE DOCUMENTS 
 
The documents listed in Table 8 were referenced in the development of this JTP.  

 
Table 8.  Reference Documents 

 
Reference Document Title Applicable 

Section(s) of 
Reference 
Document 

JTP Test JTP Section 
Cross-

Reference 

Document 
Source 

ASTM B117 Standard Test Method of SS 
(Fog) Testing 

All Corrosion Resistance (NSF)   4.4.3 ASTM 

ASTM D714 Test Method for Evaluating 
Degree of Blistering of Paints 

All Corrosion Resistance (NSF)  
Corrosion Resistance (Cyclic)  

Field Exposure, on-Vehicle  

4.4.3 
4.4.4 

4.4.12 

ASTM 

ASTM D1193 Specification for Reagent Water All All All ASTM 
ASTM D1654 Standard Test Method for 

Evaluation of Painted or Coated 
Specimens Subjected to 
Corrosive Environments 

All Corrosion Resistance (NSF)  
Corrosion Resistance (Cyclic)  

Seawater Immersion  
Field Exposure, Static  

Field Exposure, On-Vehicle  
 

4.4.3 
4.4.4 
4.4.5 

4.4.11 
4.4.12 

 

ASTM 

ASTM D2247 Standard Practice for Testing 
Water Resistance of Coatings in 

100% Relative Humidity 

All Humidity Resistance Test 4.4.10 ASTM 

ASTM D3359 Standard Test Methods for 
Measuring Adhesion by Tape 

Test 

All Adhesion (Dry) 
Adhesion (Wet) 

4.4.1 
4.4.2 

ASTM 

FED-STD-141, 
Method 6301.3 

Paint, Varnish, Lacquer and 
Related Materials: Methods of 

Inspection, Sampling and 
Testing, Adhesion (Wet) Tape 

Test 

All Adhesion (Wet) 4.4.2 DoD 

Federal Specification 
TT-C-490D 

Cleaning Methods for Ferrous 
Surfaces and Pretreatments for 

Organic Coatings 

3.5.9 
3.5.10 

Hydrogen Embrittlement  4.2 
 
 

DoD 
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Reference Document Title Applicable 
Section(s) of 
Reference 
Document 

JTP Test JTP Section 
Cross-

Reference 

Document 
Source 

ASTM B117 Standard Test Method of SS 
(Fog) Testing 

All Corrosion Resistance (NSF)   4.4.3 ASTM 

ASTM D714 Test Method for Evaluating 
Degree of Blistering of Paints 

All Corrosion Resistance (NSF)  
Corrosion Resistance (Cyclic)  

Field Exposure, on-Vehicle  

4.4.3 
4.4.4 

4.4.12 

ASTM 

ASTM D1193 Specification for Reagent Water All All All ASTM 
ASTM D1654 Standard Test Method for 

Evaluation of Painted or Coated 
Specimens Subjected to 
Corrosive Environments 

All Corrosion Resistance (NSF)  
Corrosion Resistance (Cyclic)  

Seawater Immersion  
Field Exposure, Static  

Field Exposure, On-Vehicle  
 

4.4.3 
4.4.4 
4.4.5 

4.4.11 
4.4.12 

 

ASTM 

MIL-PRF-85285 Performance Specification. 
Coating: Polyurethane, Aircraft 

and Support Equipment 

All Humidity Resistance Test 4.4.10 DoD 

SAE J400 Test for Chip Resistance of 
Surface Coatings 

All Chip Resistance at –29° Celsius 4.4.6 
4.4.14 

SAE 
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Appendix C:  Technical Data Sheets 



Re 
  Rev. 2 
                                                                                
 

Rev. 1 05/2008 

PRODUCT INFORMATION DATA SHEET
17451 Von Karman Avenue, Irvine, CA 92614 
Tel (949) 474-0400    (800) 544-3338 
Fax (949) 474-7269 
www.deftfinishes.com 

55W002 (55-W-2) 
MIL-PRF-85285D, TYPE III, CLASS W 
DEFTHANE ZERO VOC Polyurethane 
Topcoat, Fed Std Color # 17925 

5/2008 

Specification: MIL-PRF-85285D TYPE III CLASS W 
 

Description: Chemically cured, two-component, 
polyurethane topcoat intended for use on 
exterior application on aircraft and aerospace 
equipment. 

Features: 

Color: Fed Std 595B # 17925 Gloss White 
Reducer/Thinner: 20-30% by volume with Deionized or distilled 

water. 
Mix Ratio 2:1 by parts by volume 

2 parts 55W002 base component to  
1 part 55W002CAT catalyst component 

Kit size 55W002 base 55W002CAT 
GK 1 can filled @ 64 oz / 1.9L 1 can filled @ 32 oz / 0.95L 
QK 1 can filled @ 16 oz / 473 mL 1 can filled @ 8 oz / 237 mL 

Pot Life: 4 hours at 70° ± 10°F, 50 ± 10% R.H. 

Viscosity: initial:   30 seconds max # 4 Ford Cup 
4 hours:  60 seconds max # 4 Ford Cup 

Induction Time: none required 
Application  1.7 – 2.3 mils dry film thickness 
Thickness: 
Storage stability: 1 year when stored indoors between 35 – 

115°F in original unopened containers. 

Characteristics Base Catalyst Admixed

Weight per gallon (lbs) 12.1 9.6 11.2 

% Solids by weight 68.7 100 77.6 

% Solids by volume 54.6 100 69.7 

Coatings VOC (g/L) 12.6 0 7.8

Coatings VOC (lbs/gal) 0.10 0 0.07

Material VOC (g/L) 12.6 0 7.8 

Material VOC (lbs/gal) 0.10 0 0.07 

Dry film density**:  1.50 g/cc 
Theoretical Coverage** per gallon as applied: 1118 sq. ft. 
Theoretical Dry Film Weight per gallon kit as applied: 

3.54 g/sq. ft (0.0078-lbs/sq. ft) 
* Characteristics are calculated based on product formulas and ingredient 

characteristics as reported to Deft, Incorporated by raw material suppliers. Values 
reported are not specification values. They are presented for general information only. 

**  Dry film density, theoretical coverage and dry film weight is based on proper 
application of coating at 1 mil dry film thickness and 100% transfer efficiency.

Set to Touch: 6 hours, max          Dry Hard:  12 hours, max 
Dry to Tape:  12 hours, min          Full Cure:  14 days 

Note: Dry times above were established at room (ambient) 
temperatures, 70 +/- 10F and 50% Relative Humidity. 

• When used over properly applied
Commercial or Military primers, it
provides excellent protection against
weathering, humidity and salt spray.

• Resistant to immersion in hydraulic fluids,
lubricating oils, JP-5 fuel and water

Product Information 

For set to touch conditions only. Allow a minimum of 30 minutes flash off 
time at ambient temperatures* prior to exposing painted parts to high 
temperatures. Complete testing should be done prior to use. Below are 
suggested starting points.  Other variables may affect these cure 
schedules.  

Temperature Time 

120°F 90 minutes

140°F 50 minutes

160°F 50 minutes

180°F 25 minutes

*Ambient temperatures are defined as 70° ± 10°F and 50% ± 10% Relative Humidity. 

Forced Dry Schedule 

 

Check Component A for settling.  Stir or shake BRIEFLY (five minutes 
maximum) before using.   Add one volume of catalyst component (Part B) 
to the two parts of base component (Part A).  Do not use the catalyst 
component (Part B) from another color. Mix thoroughly for 5 minutes by 
hand stirring or mechanical mixer.  USE CLEAN EQUIPMENT - DO NOT 
USE A PAINT SHAKER. Components A & B must be thoroughly mixed 
BEFORE ANY WATER IS ADDED.  For spray application transfer 
admixed paint to a separate container, such as a pressure pot or siphon 
cup.  Then reduce with distilled or de-ionized water, 20% to 35% by 
volume.  Application viscosity should be less than 30 seconds with a Ford 
#4 Cup.  However, the proper application viscosity is very dependent on 
the application equipment.  The user should determine the proper 
viscosity required for their application. 

This product is designed for use over primed metals such as deoxidized 
aluminum, chromic acid anodized aluminum, sulfuric acid anodized 
aluminum, titanium, magnesium, steel, and alloys treated with Alodine 
1000, 1200, and 1500 equivalent pre-treatments. 

The primer should be applied to a dry film thickness of 0.6 to 0.9 mils and 
air-dried: 

a) for the Mil-PRF-23377J a minimum of 5 hours before topcoating as
per specification.

b) for the Mil-PRF-85582D a minimum of 1 hour before topcoating
as per specification.

For TT-P-2760 the primer should be applied to a dry film thickness of 
1.5 to 2.0 mils for a minimum of 2 hours before topcoating as per 
specification.  Both Mil-PRF-23377J and the Mil-PRF-85582D may 
dry for a maximum of 24 hours before any scuff sanding should be 
necessary before applying the topcoat.  

First flush equipment with water.  Follow this with flushing with MIL-T-
81772B Type I Polyurethane Reducer. 

Refer to the product label or Material Safety Data Sheet (MSDS) for each
component for Personal Protective Equipment and Proper Handling. 

Equipment Cleanup 

Mixing and Thinning 

Application & Equipment 
Characteristics* 

Safety 
Dry Times 



PRODUCT INFORMATION DATA SHEET 02GN084 (02-GN-84) 
Non-Chrome Epoxy 
Polyamide Primer 
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Gardobond AP® 9809 
Liquid, phosphorous-free pretreatment for multi-metal applications. 

PRIMARY APPLICATION 

Gardobond AP® 9809 is a liquid, phosphorous-free, dry-in-place pretreatment that enhances the 
performance of subsequently-applied organic liquid and powder coatings. Multi-metal Gardobond AP 
9809 reacts with steel, aluminum and zinc substrates to enhance paint adhesion and corrosion resistance 
properties. Silane-based Gardobond AP 9809 is free of any regulated heavy metals. Substrates must be 
cleaned and thoroughly rinsed prior to processing in Gardobond AP 9809. Gardobond AP 9809 is used at 
energy-saving ambient temperature by spray or immersion. Gardobond AP 9809 can be used with most 
tap water and is compatible with mild steel tanks and spray washers. 

CHEMICAL CHARACTERISTICS 

chemical composition .. ......................... silane and proprietary ingredients 
physical form ......................................... liquid 
odor .......................................................mild 
color....................................................... light yellow 
specific gravity at 68°F (20 °C)..............1.008 
bulk density at 68°F (20 °C) ..................8.4 lbs/gal 
behavior in hard water...........................shortens bath life 
foam tendency....................................... low 
flash point ..............................................141°F (61°C) 
phosphorous-free ..................................yes 
NPE surfactant-free...............................yes 
biodegradable........................................yes 

APPLICATION PROCEDURE 

Prior to charging a solution of Gardobond AP 9809, the tanks or spray washer must be thoroughly 
cleaned and rinsed. Please refer to the Chemetall Spray Washer Preventative Maintenance Guide. 

Prior to application of Gardobond AP 9809, all surfaces must be thoroughly cleaned and rinsed with clean 
overflowing water. For best performance and long bath life the rinse should be followed by a fresh water 
riser, with the overflow directed toward the preceding rinse stage. Gardobond AP 9809 is then used as a 
dry-in-place pretreatment under the following conditions: 

concentration....................... 0.5 - 2.0 % by volume 
titration points...................... 1.7 - 6.9 ml  
temperature......................... 70 - 110°F (21 - 43°C) 
time...................................... 15 seconds minimum 
pressure .............................. 15 psi (0.7 - 1.0 bar) approximately 
TDS (conductivity)............... 600 ppm TDS (900 μS/cm) maximum 

For best performance, do not use a final water rinse after Gardobond AP 9809. Oven drying is 
recommended. Clean pressurized air is recommended to remove excess solution from pockets or 
cavities. 



SOLUTION CONTROL 

(Gardotest Procedure 170) 

1. Pipet a 100 ml sample of the bath into an Erlenmeyer flask.
2. Add 5 to 7 drops of Gardotest Indicator 197 (Neutral Red). The color should be yellow.
3. Titrate with Gardotest Solution 45 (0.1N acid) from yellow through orange, to red.
4. The number of milliliters of Gardotest Solution 45 used is the titration points.
5. The solution may be controlled by titration points or converted to percent by volume by multiplying

by 0.29.

For each 1.0 ml titration point, add 0.3 gallons of Gardobond AP 9809 per 100 gallons (3 liters per 1000 
liters). 

NOTES ON USE 

A fresh Gardobond AP 9809 solution should be charged when the TDS exceeds 600 ppm or the conductivity 
exceeds 900 μS/cm. 

For best performance, water for bath make-up should not exceed the following limits: 

TDS ......................................375 ppm (550 μS/cm) 
Chloride plus Sulfate..............70 ppm 

A Gardobond AP 9809 solution will normally have a pH of about 8 - 10. The pH will normally decrease 
somewhat as the solution ages. It is not necessary to monitor or adjust the solution pH. 

AUTOMATION 

The Chemetall Chemical Metering Pump can be used to automatically replenish this product. The 
Chemetall Electrodeless Conductivity System can be used to monitor the bath life of this product using 
conductivity. Please contact the Chemetall Process Equipment and Engineering Department for specific 
recommendations.  

EQUIPMENT 

Mild steel tanks, spray washers and heating surfaces may be used. 

SAFETY AND HANDLING 

Prior to handling and use of any of the materials referenced in this document, the Material Safety Data 
Sheets should be read and understood by all personnel in contact with these materials. 

KEEP OUT OF REACH OF CHILDREN 
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purpose. Since buyer’s conditions of use of products are beyond Chemetall’s control, Chemetall does not warrant any recommendations and information for the use of such products.  CHEMETALL 
DISCLAIMS ALL OTHER WARRANTIES INCLUDING THE IMPLIED WARRANTY OF MERCHANTABILITY AND FITNESS FOR ANY PARTICULAR PURPOSE IN CONNECTION WITH THE USE OF ITS 
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STORAGE 

Dry indoor storage at temperatures between 40°F and 100°F is recommended, away from any 
incompatible materials referenced in the Material Safety Data Sheets. All containers should be tightly 
closed when not in use. 

DISPOSAL 

Any disposal of the materials referenced in this document should be in accordance with all applicable 
federal, state, providential and local regulations. The process solution can contain components other than 
those present in the materials as supplied. Analysis of process solutions may be required prior to 
disposal. 


	TABLE OF FIGURES
	TABLE OF TABLES
	LIST OF ACRONYMS
	ACKNOWLEDGEMENTS
	1.0 INTRODUCTION
	1.1 Military Coatings Background
	1.1.1   The Need to Reduce VOC Content in Primers and Topcoats

	1.1.2  Uses of Hexavalent Chromium
	1.1.3  Potential Alternatives and Approach to Reducing Hexavalent Chromium

	1.2 Objective of the FRC-East, Cherry Point ZVOC Demonstration
	1.3 Regulatory Drivers

	2.0 DEMONSTRATION TECHNOLOGY
	2.1 Technology Description
	2.1.1 Technology Description: ZVOC Topcoat (MIL-PRF-85285, Type III)
	2.1.2 Technology Description: Deft 02GN084 (MIL-PRF-23377, Type I, Class N) Primer
	2.1.3    Technology Description: Pretreatments (Chemetall Oxsilan 9810/2 and Chemetall Gardobond AP 9809)

	2.2       Technology Development
	2.2.1 Technology Development: Deft 55W002 (MIL-PRF-85285, Type III) ZVOC Topcoat
	2.2.2 Technology Development: Deft 02GN084 (MIL-PRF-23377, Type I, Class N) Primer
	2.2.3   Chemetall Oxsilan 9810/2 and Gardobond AP 9809

	2.3 Advantages and Limitations of the Technology
	2.3.1 ZVOC Topcoat (MIL-PRF-85285, Type III)
	2.3.2 Deft 02GN084 (MIL-PRF-23377, Type I, Class N) Primer
	2.3.3  Chemetall Oxsilan 9810/2 Pretreatment
	2.3.4  Chemetall Gardobond AP 9809 Pretreatment


	3.0 PERFORMANCE OBJECTIVES
	3.1     Adhesion Test
	3.2       Chip Resistance
	3.3       Accelerated Corrosion – Cyclic Corrosion GM9540P
	3.4       Humidity Testing
	3.5       Outdoor Exposure
	3.6       Field Testing

	4.0 SITE/PLATFORM DESCRIPTION
	4.1 Test Platforms/Facilities
	4.2 Present Operations
	4.3 Site-Related Permits and Regulations

	5.0 TEST DESIGN
	5.1      Conceptual Experimental Design
	5.1.1    Laboratory Experimental Procedure
	5.1.1.1    Sample Preparation
	5.1.2.1  Adhesion (Dry - ASTM D3359)
	5.1.2.1.1 Scope
	5.1.2.1.2 Equipment
	5.1.2.1.3  Procedure
	5.1.2.1.4  Acceptance Criteria
	5.1.2.2  Adhesion (Wet – Modified ASTM D3359/FED-STD-141, Method 6301.3)
	5.1.2.2.1  Scope
	5.1.2.2.2   Equipment
	5.1.2.2.3 Procedure
	5.1.2.2.4  Acceptance Criteria
	5.1.2.3 Adhesion (Pull off - ASTM D-4541)
	5.1.2.3.1 Scope
	5.1.2.3.2 Equipment
	5.1.2.3.3 Procedure
	5.1.2.3.4  Acceptance Criteria
	5.1.2.4 Corrosion Resistance- Cyclic GM9540P
	5.1.2.4.1 Scope
	5.1.2.4.2 Equipment
	5.1.2.4.3 Reagents
	5.1.2.4.4 Procedure
	Table 5-6: Cycle Details for the GM 9540P Cyclic Corrosion Test

	5.1.2.4.5          Acceptance Criteria
	5.1.2.5 Chip Resistance (SAE J400)
	5.1.2.5.1 Scope
	5.1.2.5.2  Procedure
	5.1.2.5.3 Acceptance Criteria
	5.1.2.6 Humidity Resistance Test (MIL-PRF-85285 and ASTM D2247)
	5.1.2.6.1 Scope
	5.1.2.6.2 Reagents
	5.1.2.6.3 Procedure
	Report - Report observations in accordance with ASTM D 2247 and MIL-PRF-85285.

	5.1.2.6.4 Acceptance Criteria

	5.1.2.7    Outdoor Exposure
	5.1.2.7.1 Scope
	5.1.2.7.2 Procedure
	Report - Report observations in accordance with ASTM D 1654 and ASTM G 50.


	5.2 Field Test Requirements
	5.2.1  Field Test Descriptions
	5.2.2 Design and Layout of Technology Components
	5.2.3 Field Test Quality Control
	5.2.4 Performance Validation for Field Testing of Support Equipment Parts
	5.2.4.1 Scope
	5.2.4.2  Equipment
	5.2.4.3  Reagents
	5.2.4.4 Procedure

	6.1  Laboratory Testing Results
	6.1.1   Dry Tape Adhesion Test Results
	6.1.2  Wet Tape Adhesion Test Results
	6.1.3  Pull-off Adhesion Test Results
	6.1.4   Corrosion Resistance Test Results (Cyclic GM 9540P)
	6.1.5  Chip Resistance/Gravelometer Results
	6.1.6  Humidity Testing
	6.1.7  Outdoor Exposure Test Results (After 2 Years)

	6.2     FRC-E Demonstration
	6.2.2 Demonstration on GSE - F402 Stands
	6.2.3 Demonstration on GSE – B-210 GT Cart


	7.0 COST ASSESSMENT
	7.1  Cost Model
	7.2  Cost Analysis and Comparison

	8.0 IMPLEMENTATION ISSUES
	9.0 REFERENCES
	APPENDICES
	Appendix A: Points of Contact
	Appendix B:  Joint Test Protocol
	Appendix C:  Technical Data Sheets
	ZVOC JTP AF1.pdf
	1.0 INTRODUCTION
	1.1 Scope
	1.2 Execution
	1.3 Document Maintenance

	2.0 JTP DOCUMENT GUIDE
	3.0 APPLICATION SCENARIOS
	3.1 Guidelines
	3.2 Methodology

	4.0 TESTING REQUIREMENTS, DESCRIPTIONS AND procedures
	4.1 Screening Testing Requirements
	4.2 Performance Testing Requirements
	4.3 Special Testing Requirements
	4.4 Test Descriptions
	4.4.1 Adhesion (Dry - ASTM D3359)
	4.4.1.1 Scope
	4.4.1.2 Equipment
	4.4.1.3 Reagents
	4.4.1.4 Procedure
	4.4.1.5 Acceptance Criteria

	4.4.2 Adhesion (Wet – FED-STD-141, Method 6301.3 and ASTM D3359)
	4.4.2.1 Scope
	4.4.2.2 Equipment
	4.4.2.3 Reagents
	4.4.2.4 Procedure
	4.4.2.5 Acceptance Criteria

	4.4.3 Adhesion (Pull off - ASTM D-4541)
	4.4.3.1 Scope
	4.4.3.2 Equipment
	4.4.3.4 Procedure

	4.4.4 Corrosion Resistance (Cyclic - GM9540P)
	4.4.4.1 Scope
	4.4.4.2 Equipment
	4.4.4.3 Reagents
	4.4.4.4 Procedure
	4.4.4.5 Acceptance Criteria

	4.4.5 Chip Resistance (SAE J400)
	4.4.5.1 Scope
	4.4.5.2 Equipment
	4.4.5.3 Reagents
	4.4.5.4 Procedure
	4.4.5.5 Acceptance Criteria

	4.4.6 Field Exposure, Static (ASTM G50)
	4.4.6.1 Scope
	4.4.6.2 Equipment
	4.4.6.3 Reagents
	4.4.6.4 Procedure
	4.4.6.5 Acceptance Criteria

	4.4.7 Humidity Resistance Test (MIL-PRF-85285 and ASTM D2247)
	4.4.7.1 Scope
	4.4.7.2 Equipment
	4.4.7.3 Reagents
	4.4.7.4 Procedure
	Report.  Report observations in accordance with ASTM D 2247 and MIL-PRF-85285.



	5.0 FAILURE ANALYSIS
	6.0 REFERENCE DOCUMENTS




