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PREFACE

This report was prepared by Internationalade Bridge, Inc. (ITB) through the National
Aeronautics and Space Administration (NASA) Technology Evaluation for Environmental Risk
Mitigation Principal Center (TEERM)The structure, format, and depth of technical content of
the report were determindry NASA TEERM, Government contractors, and other Government
technical representatives in response to the specific needs of this project.

We wish to acknowledge the invaluable contributions provided by all the organizations involved
in the support of thiproject andthe creation of this documergspecially the following people
who provided technical support:

Ms. Joni Richards

Mr. Chuck Griffin

Mr. Jerry Curran

Mr. Teddy Back

Dr. Mark Kolody

Dr. Luz Marina Calle
Mr. Leonard Aragon
Mr. Rich Bliss

Mr. Jim Trammel

Ms. Diane Buhrmaster
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This document has been prepared solely to report the results of the testing performed during this
projectandis not intended to and does not connote endorsementygiroduct by NASA.
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EXECUTIVE SUMMARY

As people become more aware of the concerns associated with protective coatings, safety and
environmental regulations increase. In response, manufacturers have developed coatings with
lower volatile organic compound/Q©C) contentand ttat do not contaimmsocyanates and heavy
metals. These coating systems must be evaluated, however, to determine whether they can meet
the uniqgueequirement®f NASA launchfacilities and ground support equipment

The objective of this project is to det@ne the feasibility of environmentally friendly corrosion
resistant coatingkor carbon steel applicationsThe focus of the project is corrosion resistance
and survivability of coatings for outdoor ambient (Zone 4) applications (as defined by NASA
STD-5008B, Protective Coating of Carbon Steel, Stainless Steel, and Aluminum on Launch
Structures, Facilities, and Ground Support Equipmenthich can be found at
http://corrosion.ksc.nasa.gmubs/NASASTD-5008B.pdj with the goal to reduce the amount

of necessary maintenanaed associated costs.

A group of project stakeholders from NASA Centers #@melUnited StateqU.S) Air Force
identified those key performance requirements that tekéyvere necessary to qualify alternative
coating systems. The tests were divided into two pha3é® screening tests deemed most
important wereidentified at Phase 1 Tests and secondary vestsidentified as Phase 2 tests in
the Joint Test PlarfJTP titled Joint Test Protocol for Validation of Environmentally Preferable
Coatings for Launch Facilities at Kennedy Space Centated December 13, 2011, prepared by
ITB.

A survey of commercially available coatings was conducted to identify potenéiaiatives for
consideration. The group then reviewed each identified alternative and those showing the most
promise were selected to undergo the validation process. This information was compiled into a
Potential Alternatives Report (PAR) titled Potential Alternatives Report for Validation of
Environmentallypreferable Coatings for Launch Facilitiedated April 20, 2012, prepared by

ITB.

This Stage 1 Test Report covers the Phase 1 testengified in the JTPof the potential
alternatives identified ithe PAR. Those coatings that show acceptable performance in Stage 1
Testing will then be subjected to the Phase 2 tests as identified in the JTP under the title of Stage
2 Testing.

TEERM worked withthe NASA Corrosion Technology LaboratorCTL) to condwt Stage 1
Testingwhich includedthe following performance requirements:

Pot Life

Ease of Application

Surface Appearance
Atmospheric Exposure Testing
Heat Adhesion
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Based on the resultsf the Stage 1 Testingt is recommended that the following systems
continue to Stage 2 Testing:

1 System 2 (isocyanafieee)
0 Primer: Carboline Carbozinc 11 WB
0 Intermediate: Carboline Carbotherm 3300
0 Topcoat: Carboline Carbocyrlic 3359

1 System 4 (isocyanafieee)
o Primer: Polyset PiZinc WB 18
0 Topcoat: Polyset PisuardME

1 System 9 (isocyanafieee and zindree)
o Primer/Topcoat: EonCoat Alloyed Coating for Steel
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1. INTRODUCTION

National Aeronautics and Space Administration (NA$#adquartershartered the Technology
Evaluation for Environmental Risk Mitigation Principal Center (TEERM) to coordinate agency
activities affecting pollution prevention issues identified during system @mdponent
acquisition and sustainment processes. The primary objectives of NASA TEERM are to:

1T Be an integration activity for the Agency
environmental or energy technologies to reduce unacceptable missionnrigksiaore
proactive and cost effective manner, and to better position itself to respond to new global
regulatory and business paradigms.

1 Foster collaboration on projects to reduce duplication of effort and costs of technology
validation.

1 Ensure project re¢iis are applicable to current and future NASA programs.

The Ground Systems Development and Opera(iG&D0O Program alNASA John FKennedy

Space Center (KSClorida, has the primary objective of modernizing and transforming the

launch and range compla@t KSC to benefit current and future NASA programs along with other
emer ging users. Described as the fAl aunch sup
the NASA Authorization Act of 2010, the GSDRogramwill develop and implement shared
infrastructure and process improvements to provide more flexible, affordable, and responsive
capabilities to a mukiiser community.

In support ofNASA and theGSDO Program the objective of this project is to determine the
feasibility of environmentally friedly corrosionprotectingcoatings for launch facilities and
ground support equipmeniThe focus of the project is corrosion resistance and survivability
with the goal to reduce the amount of maintenance required to preserve the performance of
launch fadities while reducing mission riskThe project compares coating performance of the
selected alternatives to existingating systems or standards.

In keeping with the NASA TEERM missiorgubject Matter Experts (SMEs) were identified
from within and outisle of NASAto ensureroject results have applicability toultiple NASA
Centers and/or Programs. Project stakeholdensereded fromthe following entities:

NASA GSDOProgram

KSC

NASA John C. Stennis Space Cent®&C)
NASA Wallops Flight Facility

NASA White Sands Test Facility
U.S.Air ForceSpaceCommand
CapeCanaveral Air Force Station

Air Force Space and Missile

University of Dayton Research Institute
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A joint group led byITB and consisting oSMEs from NASA and other entitieseached
technicalconsensus on engineering, performance, and testing requirements for environmentally
preferable alternativecoatings. The joint group defined critical tests with procedures,
methodologies, and acceptance criteria to qualify alternatives against thesécatechn
requirementsin a Joint Test Protocol (JTP) titledoint Test Protocol for Validation of
Environmentally Preferable Coatings for Launch Facilities at Kennedy Space Ceated
December 13, 2011, prepared by ITB

A potential alternativeseport (PAR) titled Potential Alternatives Report for Validation of
Environmentallypreferable Coatings for Launch Facilitiedated April 20, 2012, prepared by
ITB, provides technical analysis of identified alternatives to the current coatings, criteria used to
select alternatives for further analysis, and a list of those alternatives recommen@&tdderl
Testing. An addendum to the PAR was prepared that ident#atitionalalternatives for testing
titted Addendum tdPotential Alternatives Report for Validatiaf Environmentallypreferable
Coatings for Launch FacilitieddatedMay 28 2013, prepared by ITB

Due to the amount of funding received, the project was divided into three (3) stages.

1 Stage 1 Testing: Phase 1 testing as identified in the JTP on itfirabrcoating
alternatives selected in the PAR.

1 Stage 2 Testing: Phase 2 testing as identified in the JTP on the original coating
alternatives selected in the PAR that showed acceptable performance during Stage 1
Testing.

1 Stage 3 Testing: Phase 1 anca&h2 Testing as identified in the JTP on the additional
coating alternatives identified in the addendum to the PAR.

Stage 1 Testing only includes Phase 1 Testing (as described in the JTP) of the potential
alternatives identified in the original PARThis reportdocuments the results of the laboratory
testing as well as any test modifications made during the execution $fate 1 €stingonly.

The technical stakeholders agreed upmry test procedure modifications documented in this
document. Thiseportis made available as a reference for future pollution prevention endeavors
by GSDO Programgther NASA Centers, the Department of Defen&0D) and commercial

users to minimize duplication of effort.
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2. BACKGROUND

NASA is responsible for a number of facilities/structures with metallic structural and non
structural components in a highly corrosive environment. Metals require periodic maintenance
activity to guard against the insidious effects of corrosion and tieige that structures meet or
exceed design or performance lif&he standard practice for protecting metallic substrates in
atmospheric environments is the applicationcofrosion protectivecoating system. These
coating systems work via a variety oethods (barrier, galvanic and/or inhibitor) and adhere to
the substrate through a combination of chemical and physical bonds.

Maintenance aKSC is governed byNASA-STD-5008B Protective Coating of Carbon Steel,
Stainless Steel, and Aluminum on Launcli@trres, Facilities, and Ground Support Equipment
which can be found athttp://corrosion.ksc.nasa.gov/pubs/NASAD-5008B.pdj, which
establishes practices for the protective coatingufch facilities used by or for NASA programs
and projects.

The Standard is also recommended guidance for all NASA Centers and is for the design of non
flight hardware used to support the operations of receiving, transportation, handling, assembly,
inspection, test, checkout, service, and launch of space vehicles and payloads at NASA launch,
landing, or retrieval sites. The criteria and practices contained within the Standard may be
applied toitems used at the manufacturing, development, and testupisg®am of the launch,
landing, or retrieval sites.

NASA-STD5008B i ncludes an AApproved Product s
previously been tested and qualified. The APL, however, includes coatings that have very high
volatile organic compoundVOC) levels which are no longer coftigmt with cument
environmental regulationsSome contairother hazardous constituents that are also subject to
regulation. The limited number of approved coatings in NASAD-5008B presents a risk to
NASA if the maerial should become unavailable

The anticipated benefits to the Gawerent fom this project include:

1 Project builds off of previously successful NASA aAdr Force Space Command
(AFSPC)testing.

1 Reduced risk for materials obsolescence from environmesafdty, and health concerns
for coatings with VOCs and heavy metals

1 Reduced environmental impacts from VOCs, hazardous air pollutants (HAPs), and other
materials contrdéd under various Federal and State regulations.

1 Improved worker safety.

If a qualfied technology is implemented,rntay.
1 Help NASA neet environmental and safety regulatory requirements.
91 Decrease risk of environmental, workand public exposure.
1 Reduce maintenance ceand government liability.

NASA TEERM
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This projectconsidered the findingd coatings project work completed or in progress by NASA
TEERM, industry, and othdunited States (U.S.Federal Agencieand builds uponprevious
NASA TEERM work to qualify coatings for use on launch facilities and ground support
equipment including:

Eastern Range Coatings Support Project

Coatings DeranstratioriValidationat Vandenberg Air Force Base Project
Launch Coatings Phase 3 Project

Low VOC Coatings and Depainting Field Testing Phase 2 Project
Isocyanatdree Coatings for Structural Stdeloject

= =4 =4 -8 -

The primary objective of this effort is to demonstrate and validate environmesgedfgrable
alternatives in accordance with NAS3¥TD-5008B which can then be added to &feL used as
a specification ircontractsby NASA. Many other entitiessuch as ABPC, also reference the
Standard in their corrosion control plartisusproviding additional government benefits
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3. JOINT TEST PROTOCOL

A joint groupconsisting ofSMEsfrom NASA and other entitieseached teatical consensus on
engineering, performance, and testing requirements for environmenmtalgrable alternative
coatings. The joint group defined critical tests with procedures, methodologies, and acceptance
criteria to qualify alternatives against thésehnical requirementa the JTP

During the initial development of this project, there was uncertainty regarding the amount of
funding that would be availabk® conduct testing In order to provide the most valuable data
regardless of thamount offunding receivedthe testing requirementsere dividedinto two (2)
phases. Tests deemed those that would provide the most valuable data topprogpans

were identified as lase 1 performance requirements a@edondary tests were identified as
Phase2 in the JTP titled Joint Test Protocol for Validation of Environmentally Preferable
Coatings for Launch Facilities at Kennedy Space Centated December 13, 2011, prepared by
ITB.

Stage 1 Testing only included the Phase 1 test requiremé&atde 1 summarize the Phase 1

test requirements for validating alternative coataygtemsagainst existing approved coating
systems. The table incluslacceptance criteria and the reference specifications, if any, used to
conduct the tests. The tesihd evalation are based on the aggregate knowledge and experience
of the assigned technical project personnel and prior testing where "None" appearfastder
Methodlogy ReferencesThe most recent revisionasused unless otherwise noted.

Copies of the spefications cited may be found at the NASA Standards and Technical
Assistance Resource ToaVebsite (https://standards.nasa.gipviThe Society for Protective
Coatings (SSPC) website fhttp://www.sspc.org/ The American Society for Testing and
Materials (ASTM) website [ttp://www.astm.org/ and NACE International website
(http://www.nace.org/standds)).
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Table 1 Phase 1Performance Requirements

Test ‘]TP Te_st Acceptance Criteria s MEinee e
Section | Specimen References
Mixed Equal to or better tharoatrol
Pot Life 3.1.1. Coating | coating based upon None
System | Applicator Evaluation
Based on Applicator
Evaluation: Smooth coat,
with acceptable appearance,
Ease of no runs, bubbles or sags;
Applicati 3.1.2. Coupon | Ability to cover the properly | SSPCPA-2
pplication .
prepared/primed substrate
with a singé coat (onecoat
hiding ability); Measure Dry
Film Thickness
Based on Applicator
Evaluation: No streaks,
blistering, voids, air bubbles,
Surface 313 Coupon cratering, lifting, blushing, or| ASTM D 523;
Appearance B other surface ASTM D 2244
defects/irregularities; No
micro-cracks observable at
10X magnification
ASTM D 2244,
Gloss/color change and pané ASTM D 523
Atmospheric 314 o condition of candidate coatin| ASTM D 610;
Exposure T rated equal to or better than | ASTM D 714;
control coatings ASTM D 523;
NASA-STD-5008B
No loss of adhesion after
Heat . ASTM D 4541;
Adhesion 3.1.5. Coupon | heatingat 750 degrees NASA-STD-50088

Fahrenheit (F) for 24 hours
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4. POTENTIAL ALTERNATIVES ANALYSIS

The primary objective of this effort is to demonstrate and validate environmentetrable
alternatives to currently used coating systems for Zone 4a applications as defined by NASA
STD-5008B:

Zone 4a. Surfaces not located in the launch enviremnbut located in a neutral pH
corrosive marine industrial environment or other chloritEntaining environments.

Identifying and selecting alternative materials and technologies that have the potential to reduce
the identified hazardous materials, whiteorporating sound corrosion prevention and control
technologies, is a complicated task due to the fast pace at which new technologies emerge and
rules change. Alternatives were identified through literature searches, electronic database and
Internet sarches, surveys, and/or personal and professional contacts.

4.1  Alternative Coating System Identification

A survey of commercially available technologies was performed to identify talérnative
coating system In addition to research using the World Wide Web, existing Potential
Alternative Reports and Test Reports were reviewed along with other surveys to leverage
available test and performance data for this projdtanufactuers and distributors of identified
alternatives were contacted, and technical, environmental, safety, and occupational health
information about the alternatives was gathered and compared with the baseline process.

Information about potential alternativésr Stage 1 Testings documented in th@otential
Alternatives Report for Validation of Environmentgtiseferable Coatings for Launch Facilities
dated April 20, 2012, prepared by ITBhe following sections summarize the data gathered.

4.1.1 Commercial Availability
The first requirement foall alternatives is that theyea commercially available in the U.S.; if

not, they were not included as a potential alternativéormation about internationglroducts
wasdocumentedhoweverjn orderto continue to monitor their availability for future efforts.

4.1.2 Environmental, Safety, and Occupational Health Review
Each altenative was evaluated to determine the extent of its regulation under the major federal

environmental laws.There may be additional state, local, or site specific regulations that were
not considered in this project.

Based on the product Material Sgf€ata Sheet (MSDS), each alternative was evaluated for the
following:
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1 Air Emissions per the Clean Air Act (CAA) andational Emissions Standards for
Hazardous Air Pollutants (NESHAPS)

1 Solid/Hazardous Waste Generation per the Resource Conservation amderiResct
(RCRA)

1 Reporting requirements per Section 313 of the Emergency Planning and Community
Rightto-Know Act (EPCRA)

1 Hazardous Substances gegomprehensive Environmental Response, Compensation and
Liability Act (CERCLA)

4121. Volatile Organic Compounds (VOC9g

The general definition of VOCs is any organic chemical compound whose composition makes it
possible for them to evaporate under normal indoor atmospheric conditions of tempamdture
pressure. VOCs include a variety of chemicals, some of which may have afmbriongterm
adverse health effects; and can be an indoor or outdoor hazard.

The main concern indoors is the potential for VOCs to adversely impact the health of people tha
are exposed. While VOCs can also be a health concern outdoors, the U.S. Environmental
Protection Agency (USEPA) regulates VOCs outdoors mainly because of their ability to create
photochemical smog under certain conditions. VOCs are regulated by the USBtERA the

Clean Air Act (CAA) [42 U.S.C. 87401 et seq. (1970)].

412.2 Hazardous Air Pollutants (HAPS)

HAPs, also known as toxic air pollutants or air toxics, are those pollutants tis# camay
cause cancer or other serious health effects, such as reproduction effects or birth defects, or
adverse environmental and ecologic effects.

National Ambient Air Quality Standards (NAAQS) were established by the USEPA under
authority of the CAAthat apply for outdoor air throughout the country. Primary standards are
designed to protect human health, with an adequate margin of safety, including sensitive
populations such as children, the elderly, and individuals suffering from respiratory diseases
Secondary standards are designed to protect public welfare from any kmoanticipated
effects of a pollutant.

The National Emissions Standards for Hazardous Air Pollutants (NESHAPS) are emission
standards set by the USEPA for an air pollutant noe@/by NAAQS. The USEPA is required

to control 187 HAPs currently listed under the NESHAPs [Section 112 of the CAA published in
40 Code of Federal Regulations (CFR) Parts 61 and 63].
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4123 Isocyanates

Isocyanates are compounds containing the isocyanate gid@®). They react with compounds
containing alcohol (hydroxyl) groups to produce polyurethane polymers, which are components
of polyurethane foams, thermoplastic elastomers, spandex fibers, and halgarpaints.

The Occupational Health & Safety Administration (OSHA) states that the effects of isocyanate
exposure include irritation of skin and mucous membranes, chest tightness, and difficult
breathing. Isocyanates are classified as potential husr@magens and are known to cause
cancer in animals. The main effects of overexposureoecapational asthmand other lung
problems, as well as irritation of the eyes, nose, throat, and skin.

OSHA requires employers to provide a work environment thainmzes or eliminates exposure

to isocyanateontaining products. A major concern is that despite working safely around the
same materials for years, exposure to isocyanates have been known to suddenly produce
sensitivities that can be deadly.

Although a isocyanatdree system is desired, there are not m#&ocyanatdree systems
available that are applicable to the stated applicatiofifie use of isocyanatecontaining
materialsis banned aiSSC, but not other NASA Centers; therefgmme alternativeystems
selected for testing includsocyanates

41.2.4 Heavy Metals

Heavy metals are chemical elements that have a specific gravity at least five (5) times that of
water. The heavy metals most often associatgd coating applications are lead, chromium,
cadmium, and zinc.

Lead

Lead is a naturallpccurring element that can be harmful to humans when ingested or inhaled.
Lead poisoning can cause a number of adverse human health effects and is particularly
dargerous because there may be no unique signs or symptoms. Failure to treat lead poisoning in
the early stages can cause lkdagn or permanent health damage.

Lead patrticles in the environment can attach to dust and be carried long distances in tlh air. Su
leadcontaining dust can be removed from the air by rain and deposited on surface soil, where it
may remain for many years. In addition, heavy rains may cause lead in surface soil to migrate
into ground water and eventually into water systems.

Lleadwasc ommonly used in paints unti/l 1977 when
Safety Commission (CPSC) banned lead paint under 16 CFR 1303. For manufacturers, the CPSC
instituted the Consumer Product Safety Improvement Act of 2008 which changed tlagiaagul

on lead content of paint from 0.06% to 0.009%.
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The USEPA has established standards designed to limit the amount of lead in air. The National
Institute for Occupational Safety and Health (NIOSH) also recommends that workers not be
exposed to lead dnlimits the amount of exposure to less than 100 micrograms per cubic meter
(hg/m’) in a ten hour period.

Chromium

Chromium is a metallic element in the periodic table that is odorless and tasteless. Chromium is
found naturally in rocks, plants, soil amdlcanic dust, humans and animals. Chromium occurs

in the environment primarily in two valence states, trivalent chromium (Cr Ill) and hexavalent
chromium (Cr VI).Hexavalent chromium (Cr VI) is commonly used in industrial applications
such aschromate giments in dyes, paints, inks, and plastics; chromates added as anticorrosive
agents to paints, primers, and other surface coatings; and chromic acid electroplated onto metal
parts to provide a decorative or protective coating.

All forms of hexavalent clumium are regarded as carcinogenic to workers according to
numerous regulatory and advisory bodies, including the USEPA, the National Toxicology
Program (NTP), the International Agency for Research on Cancer (IARC), and the American
Conference of Governmtali Industrial Hygienists (ACGIH). The risk of developing lung cancer
increases with the amount of hexavalent chromium inhaled and the length of time that the worker
is exposed.

Hexavalent chromium can also irritate the nose, throat, and lungs. Directoayact with

chromic acid or chromate dusts can cause permanent eye damage. Prolonged skin contact can
result in dermatitis and skin ulcers. Some workers develop an allergic sensitization to chromium
such that even small amounts can cause a seriousaskin

Cr VI is listed as a HAP under Title 1l of the CAA and emissions are regulated under the
NESHAPs. Other regulations include the Clean Water Act (CWA), Safe Drinking Water Act
(SDWA), Resource Conservation and Recovery Act (RCRA), the Compreh&msivenmental
Response, Compensation, and Liability Act (CERCLA), Superfund Amendments and
Reauthorization Act (SARA), and Emergency Planning and Community -RaKnow Act
(EPCRA). The Department of Transportation also enforces special requirementarkamgn
labeling, and transporting Cr VI.

In February 2006, OSHA lowered the Cr VI time weighted average permissible exposure limit
for gener al i nd(atircy ofgr ams 1 @@ r ¢ gumder@9 GRBt er )
1910.1026. OSHA included a spdcsaction of regulations for the aerospace industry and set a
hi gher ex posur € fot largei scale hdngaypes opesagiohan The regulation
specifically refers to painting of aircraft or large aircraft parts in the aerospace industry. An
ActonLev el was ¢ and atahis thshdd, thegusernf personal protective equipment
and/or the implementation of gimeering controls is required.

Another requirement that affects Cr VI usage is Executive Order 13@%hgthening Federal
Envirormental, Energy, and Transportation Managemé&deral organizations are encouraged
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to reduce the quantities of toxic and hazardous materials, such as Cr VI, that are acquired, used,
or handled. Some Department of Defense (DoD) contracts already prbleihisé of Cr VI in
finished products.

Cadmium

Cadmium is a metallic element in the periodic table that is an extremely toxic metal commonly
found in industrial workplaces. Cadmium is used extensively in electroplating and is also found
in some industriigpaints.

Acute exposure to cadmium fumes may causdikkl symptoms including chills, fever, and
muscle aches. Symptoms may resolve after a week if there is no respiratory damage. More
severe exposures can cause permanent respiratory tract damagag lnadmiumaden dust

leads to respiratory tract and kidney problems which can be fatal. Ingestion of any significant
amount of cadmium causes immediate poisoning and damage to the liver and kidneys. Cadmium
poisoning can also cause bones to become Isslt bone mineral density, and become weaker.
Compounds containing cadmium are considered carcinogenic.

Cadmium is classified as a toxin and as a known or probable carcinogen by numerous regulatory
and advisory bodies, including the USEPA, NTP, IARC &8, and NIOSH. Cadmium is also
listed as a HAP under Title 11l of the CAA and emissions are regulated under the NESHAPs.

OSHA has published a new standard for occupational exposure to cadmium, applicable to
general industry and agriculture and mariti(@®@ CFR 1926.63). A separate standard regulating
exposure to cadmium in the construction industry was also developed, because the differences in
job duration, exposure and worksite conditions warrant unique treatment.

The new standard establishes a srgght (8)hour time weighted\arage permissible exposure

[ i mi t o bf aibfor allgcadmium compounds, including dust and fumes. Employers are
required to comply with this limit primarily by means of engineering and work practice controls.
For a small number of industries, OSHAshalso established separate engineering control air
i mits of Zeoirt h5e0f astigs/lomeest feasible levels above the PEL that can be
achieved by engineering and work practice controls.

Another requirement that affects cadmium usage is Exec@rder 13423 Strengthening

Federal Environmental, Energy, and Transportation Manageméetleral organizations are
encouraged to reduce the quantities of toxic and hazardous materials, such as cadmium, that are
acquired, used, or handled.

Zinc

Zinc is one of the most common elements in the earth's crust. It is found in air, soil, and water,
and is present in all foodk.has a number of characteristics that make it-aaiiled for use as a
coating for protecting iron and steel products from corrosidie excellent field performance of
zinc coatings results from the dense adherent corrosion product film that they form and the fact
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that its rate of corrosion is considerably lower than that of ferrous materials. The zinc acts as a
sacrificial barrier btween the substrate and environment.

Although zinc is an essential element for humans, it can also be toxic at high exposure levels. It
can cause stomach cramps, anemia, and changes in cholesterolTlegetsimary effects of
zinc are the development metal fume fever and effects of zinc on copper status.

zZinc is listed by the USEPA as one of Priority Pollutants under the CWA (Appendix A to 40
CFR Part 423). Zinc is also included in the Priority List of Hazardous Substances under the
CERCLA as amendkby SARA [42 U.S.C. 89601 et seq. (1980)h protect workers, OSHA

and NIOSH have set standards for worker exposure to zinc chloride fumes and zinc oxide dusts
and fumes in the workplace.

Zinc can have a significant local environmental impact. In paEfrthe world where there are

large deposits, zinc can get into the water supply at levels which are toxic to fish and potentially
to humans. Zinc can accumulate in aquatic organisms but not in plants, and be toxic to such
species and those that feed t#itn.

At KSC, soil and sediment samples from the launch pads during a RCRA Facility Investigation
(RFI1) in 1998 showed increased levels of zinc. The Addendums for the investigation determined
that there were potential impacts to the ditch and lagoontmysurrounding the pads. The
Hazard Quotients for ecological receptors is very high for zinc and the USEPA and Florida
Department of Environmental Protection agreed that no further assessment would be conducted
during the Space Shuttle Program (SSP).c&ithe completion of the SSP, additional
assessments will be conducted to determine the actual risk and a decision made regarding
potential clearup.

Although a zinefree system is desired, there are not many-fge systems available that are
applicabé to the stated applications. Most zinee systems are powder coatings that require
oven curing which is not feasible on large structures. Zinc use is not banned at this time, so
some alternative systems selected for testing include zinc.

4.1.3 Technical Feasibility

Potential alternatives were also evaluated for their technical feasibility. It was decided by project
participans t h a t-in replaetherbwvps preferredA  fi dirmo pr e pl a c ethatethet 0 me 3
alternative should use similar equipment and have similar requirements as the baseline material.

The baseline process information was gathered by method of interview of participants. The
descriptions are based o applidgation procesaes,@andare bt thpee n e r
exact processes used by any of the participants of this projittough the typical system is

three coats, there are applications where only a one coat system (primer) is used. There are also
two coat systems appved (primer and topcoat) in which an imediate coat is not required.
Thereforepne, two-, and threecoat systems were consideffed this project
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Finally, the anticipated performance of the coating system was considered based on a
comparison of dvantages and disadvantagesl available test data

4.2  Selected Coating Alternativedor Stage 1 Testing

Sixteen (16) coating alternative manufacturers were identified as mpdiagtial replacements

for a total of 21 potential alternatives for consideratiéntotal of 11 alternative coatings were
selected for testing through a series of discussions and decision making that oowerred
several months, as outlined below.

By February 2012, the technical team had selected nine (9) alternatives deemed most promising
for testing, as documented in tRAR dated April 20, 2012. The numbef coatings selected

was based onrpject budgetandtechnical potential while also being @mnmentally friendly.

The PAR evaluated each potential alternative based on various aspects of environmental, health
and occupational safety concerns; required process equipment; and anticipated performance.
Group members reviezdand discussed this imfmation during team meetings.

In May 2012, after the PAR was published, a tenth alterrdati@nCoat 6 was added to the

list of alternatives to be tested at the suggestion of the NASA CTL. This decision resulted from
new information learned about the¢emhative. EonCodt had originally been evaluated during

the PAR processut wasrejected for technical reas@é requires theuse of dual component
spray equipment which is nogpically used by NASA Aside from that limitation, EonCddt
appeared mmising, having performed well in corrosion tests conducted by the NASA CTL
earlier. Based on those resulthe fact that the required equipment is not cost prohibitinel

that there was funding available to include it in the project buggeject paticipants decided

that they would like additional test data EonCodt".

NASA CTL has also been working with the GSDO Progoarfurtherd e vel opment of
coating. The bas i micrazdpsulesthat céintaimboth @ corrasiatieatoir n g |
(pH indicator) and corrosion inhibitor The <coat i ng decausedheycchandee d
material properties in response to an environmental stimulus. Their advantage is that they can
effectively send a signal to maintenance crews when tigerlying metal is corroding, thus
optimizing maintenance resources.

31(09)

-

The NASA CTL has been working with coating manufacturers to incorporate the microcapsules

into commercially available prodwct During the initial alternative identification, a prodwas

not yet available. HoweverniJuly 2012,a coating system by Carboline incorporating the

NASA CTL developed microcapsulégcame available for testindProject participants decided

to include this fAsmart o c ouwppoitsrthg GSDO Ptodgraarsd st udy
did not add any significant costs to the praject

Table 2 identifies those alternatives selected $tage 1 €stingalong with the baseline control
coating system
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Table 2 Coating Alternatives Selected foiStage 1Testing

Manufacturer Primer Intermediate Topcoat
Alocit 28.15 Standard Grad
A&E Group N/A N/A Epoxy Coating Primer/Finis
Alocit 28.14 Epoxy :
A&E Group CoatingZinc N/A Allgel: 28'15. Stanplard Qra}d
: Epoxy Coating Primer/Finis
Primer
Carboline Carbozinc 11 WB| Carbotherm 3300 Carbocyrlic 3359
Carboline Carbomastic 615| Carboguard 893 Carbothane 134 MC
Polyset Ply-Zinc WB 18 N/A Ply-Guard ME
Polyset N/A N/A Ply-Guard ME
Universal HP .
Pratt & Lambert Acrylic Primer N/A Acrylic Wzaé(;rdtalo e DTM
26631
Shield Products SKU40003 N/A SKU20059VvC
TESLAN Low VOC
Tesla Pri;IEe?I(_I'_A\ol:INZVNOC) N/A Urethane Topcoat (XUR
12041)
EonCoat N/A N/A EonCoat
Carboline Ca_rbomastlc 615 Carboguard 893 Carbothane 134MC
with uCapsule
A
Tnem” Dimetcote 9H Amerlock 400 Amercoat 450H
(BaselineSystem)
N/A = Not Applicable
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5.  TESTING ACTIVITIES

The testing activities for this projeatere performed by the NASATL located at KSC.The
NASA CTL has the facilities and expertise necessary to provide reliable data that allows project
participants to feetonfident in project results.

The following sectionpresent the resultsf Stage 1 €sting
5.1 Testing Preparation

The NASA CTL support contract was recently awarded to a new contractor and as a result, there
were some issues encountered due to changes in procedures. For example, the NASA CTL was
responsible for puréghsi ng testing material s. The new
different and takes longer than the old process which resulted in a delay in the start of actual
testirg of approximately two(2) months. This did not affect the overall project schedule
however.

The NASA CTL procured the required test coupons and alternative coating systems. The test
panels werdKTA-Tator 4inches x 6 incheg 3/16inchesflat and composite panels, fabricated

from ASTM A 36 (Standard Specification for Carbon Structutiee) hot rolled carbon steel.

The composite panels have a 1" channel welded on the front face. The composite test panels
incorporate common surface irregularities such as welds, crevices, and sharp ledges1

shows the type of panels preparedtfos project.

Flat Flat Scribed Composite

Figure 1 Typical Test PaneldJsed for this Project
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All panels were abrasive blasted to a white mp&l SSPCSR5 (White Blast Cleaningto
remove any mll scale and weld slag. The anchor profile created by the abrasive blasting was
measured ranging from 2.5 to 3.0 n{dsmil = 0.001 inchesas measured by the Testreplica

tape method prior to coatingAll surfaces of the test panels were coated \hth prescribed
coating system.

The coating of test coupons wakcumented using the Application Record Sheet in NASA
STD-5008B or an equivalent form.For each test requiring coupons, a minimum of five (5)
coupons were prepared; those with the bestrgpats determined by the technician were used in
accordance with the number of coupons required as specified ireshéviethodology Unless
otherwige noted, test coupons ak@ches wide by éhches long.

Test coupons were allowesd minimum of24 hoursof unaided drying time prior to dry film
thickness measurements. Test coupons \atseallowed to cure for an additional 14 days
before undegoingany destructive testing to ensure fudilymerization of the coating.

Each coating system ag prepared andapplied according to instructions provided by the
manufacturer. Coating systemere applied by spraying to the dry film thickness recommended
by the coating manufactureif a topcoatwas applied over the primer, the topceas applied
within 24 hoursof primer application.

Figures2 and3 show test panels being prepared by NASA @higineers

NASA TEERM
Validationof Environmentallypreferable Coatings for Launch Faciliti®sage 1 Test Report

23|Page



Figure 2 Application of Alternative Coating to Test Panel
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Figure 3 Quality Control Check during Application of Alternative Coating to Test Panel

NASA TEERM
Validationof Environmentallypreferable Coatings for Launch Faciliti&sage 1 Test Report

25|Page



5.2  Pot Life Testing

Test Descriptin
This testis based on the Applicator Evaluatiaino makes note of any issues experienced by the

applicatorin regards to pot lifeluring the application process his evaluatiornwasconducted
while preparing testaupons.

Rationale

This test provideslata to characterize the pot life envelope. Pot life is a concenordgect
participantsbecause it can affect the time available to maintenance personnel to apply the
coating and if too short, carmusean unacceptable coating resulting in poor peréoroe

Data Analysis and Reporting

1 This test was conducted while the test panels required for this pn@geetprepared and

is based on Applicator Evaluation.
1T Coatings were mixed according to the manuf
1 Results Summary

1. A&E Group had two (2) coating systems seleci{€he Coat System: Alocit
28.15 Epoxy Topcoat as a stamldne andTwo Coat System:Alocit 28.14 Zinc
EpoxyPrimerand 28.15 Epoxyopcoaj for testing

A The coating heated upvery quickly; however,and catalyzation bgan
before application could commence.

A Due to these difficulties, test panels for only one A&E Group coating
system were prepared for testinpMo Coat System: Alocit 28.14 Zinc
Epoxy Primer and 28.15 Epoxy Topcoat).

A The One Coat System (Alocit 28.15 KydTopcoat as a staralone) was
removed from the test matrix.

2. The ASmart o Carboline system (Car boma:
Carboguard 893 Intermediate and Carbothane 134MC Topcaaglso veryfast
reacting and required a static mixing tip thaked the coatingonstituentsvhile
being sprayedin order to avoid Pot Life issuedhe coating was applied
successfully using a Pld&ak, RatiePak® Industrial Spray Dispenser plural
component system

3. The other alternative coating systems hadssuesvith Pot Life.

1 Table3 shows the coating systems thmad test panelgrepared for this proje@nd the
system designations that will be referred to throughout the remainder of this report
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Table 3 Coating Systems Tested under Stage 1

System Manufacturer Primer Intermediate Topcoat
Baseline Ameron Dimetcote 9H | Amerlock 400 Amercoat 450H
System
Alocit 28.14 Alocit 28.15 Standard
1 A&E Group Epoxy Coating N/A Grade Epoxy Coatm
Zinc Primer Primer/Finish
: Carbozinc 11 Carbotherm .
2 Carboline WB 3300 Carbocyrlic 3359
3 Carboline Carbomastic 619 Carboguard 893 Carbothane 134 MC
Polyset Ply-Zinc WB 18 N/A Ply-Guard ME
Polyset N/A N/A Ply-Guard ME
Universal HP .
6 Pratt & Lambert| Acrylic Primer N/A Acrylic Waterborne
DTM 26841
26631
7 Shield Products| SKU40003 N/A SKU20059VvC
TESLAN ZN TESLAN Low VOC
8 Tesla Primer N/A Urethane Topcoat
(Low VOC) (XUR-12041)
9 EonCoat N/A N/A EonCoat
1 O
10 Carboline qubomastlc 614 Carboguard@93 Carbothane 134MC
with uCapsules
5.3  Ease of Application

Test Description

As test couponsvere prepared, the applicator ndtappropriate coating application processes

and equipment. This evaluatiovas conducted whilgreparing test@uponsand madenote of
any issues experienced by the applicatobry Film Thickness (DFT) measurents in

accordance with SSRPRA-2 (Measurement of Dry Coating Thickness with Magnetic Gages

were also recorded

Rationale

This procedurés used to determine how easily a coating system may be apftliscconducted

to identify and eliminate those candidate coating systems that are difficult to properly apply

under normal maintenance operatigonditions. Difficult to apply coatings carcause an
unacceptable coating resulting in poor performance.
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Data Analysis and Reporting
1 This test was conducted while the test panels required for this pn@eetprepared and
is based on Applicator Evaluation
1 DFT measurements were collected for eaeghting layer (primernntermediate topcoa)
in accordance with SSPRA-2. Measurements were made during the application
process using a Delfesko Positector 6000, type Il coating thickness gauge (accuracy of
+/-0.05 mils +1%).
1 Results Summary:
1. The zinc primers were applied using a pressurized agitated vpith a
conventional spray gun.
2. Other nonzinc primers,ntermediatesand topcoats were applied usistgndard
application techniques ara high velocity, low pressure spray gercept for
Systems 1 ah10.

A System ltestpanels were prepared by mixing small amounts of coating
and using a brush for applicatidne to the Pot Life issue§his is a slow
and tedious process if used for large areas.

A System 10 required a specialized static mixing tip attéi¢h a spray gun
due to Pot Life issugedut was easily applied utiing the recommended
equipment.

1 Table4 shows the applied and recommended DFT for each coating system.

Table4Appl i ed and Recommended DFT
System . Primer I.ntermediate . Topcoat
Applied* Range | Applied* Range | Applied* Range
Baseline 3 2-4 5 4-8 3 2-3
1 9 4-8 n/a n/a 8 8-16
2 3 3-4 30 15-25** 3 2-3
3 9 5-10 7 4-10 4 2-3
4 3 2-4 n/a n/a 7 4-6
5 6 4-6 n/a n/a n/a n/a
6 2 2-4 n/a n/a 3 2.54
7 n/a n/a n/a n/a 3 1-2**
8 5 2-6 n/a n/a 4 2-4
9 56 Up to 60 n/a n/a n/a n/a
10 9 5-10 6 4-10 3 2-3

* Total DFT average of 12 panels in set
** per coat/multiple coats allowed
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54  Surface Appearance

Test Description

The surface of each coated test coup@s examinedor coating defects witlthe unaided eye

and with 10X magnification Defects include mero-cracks extending no more thanifgh from

the panel edger anorange peel appearance. The surface appearance of the topcoat is evaluated
only after the entireoatingsystemwasapplied. This evaluatiorwasconducted while preparing

test @upons andnakes note of any issues experienced by the applicator

Rationaé
This test is conducted to provide critical detailed evaluation dfngpappearance and integrity.
Surface appearance can equate to an unacceptable coating resulting in poor performance.

Data Analysis and Reporting
1 A minimum of 19 panels per alternati system were prepared.
1. Atmospheric Exposure Testing:
A Four (4) Primeonly composite panels
A Four (4) Full System composite panels
A Four (4) Full System flat panels with32 centimeter (1/8 inch) scribe
A Four (4) Full System extra panels
2. Heat Adhesion Testg: Three (3) Primeonly flat panels
1 Results Summary: No mici@racks or defects were noted on any of the coatings
1 Figure4 shows the coupon matrix prepared éach alternative coating system

Primer Full System
Normal Exposure Normal Exposure
L] L] L1 [ L] L] L] L]
Full System Full System
Scribed Extra Panels

XIKIXIAS (e le] o]

Adhesion testing
(primer only)

Figure 4 Coating System Coupon Matrix
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5.5  Atmospheric Exposure Test

Test Description

After all coating systems were applied and allowed to cure; the panels were mounted on the test
racks and transpodeto the KSC Beachside Corrosion Laboratoffhe distance of the test
stands from the mean high tide line is approximately 150 feet from the Atlantic.OCkarsite

is located approximately 1.5 miles south of Launch Complex 39A (Fijure

Atlanti c Ocean

ey
-

Test Racks

Figure 5 NASA CTL Beachside Corrosion Laboratory Location

All KSC procedures for fasteners, exposure angle, and inspection intemeafollowed The

coated test panels were instalaustainless steel racks that use porcelain insulators as standoffs.
The racks were installed on galvanized pipe test stands which oriented the samples at a 30° angle
facing the oceafFigure6).
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Figure 6 KSC Beachside Atmospheric Test Facilityrest Racks

Rationale

This test evaluates thalternative coating systens over 18 months of outdoor exposure

Exposure of the coatingacludesultraviolet radiation, as well as differentatgs ofnatural salt

Spray exposur e. This test is meant to evalua

The test panels are examined for color retention, gloss retention, degree of rusting, scribe
creepage, and degree of blisterifdASA requires this & for validation of alternative coating
systemaunder NASASTD-5008B

NASA TEERM
Validationof Environmentallypreferable Coatings for Launch Faciliti&sage 1 Test Report

3l|Page



Data Analysis and Reporting
1 Stage 1 test panels were placed at the KSC Baseitmospheric Test Faciliip mid-
August 2012.Table5 shows the evaluation schedule.

Table 5 Test Panel Evaluation Schedule
Inspection Date Frequency Inspection Type
1 08/13/2012 0 months Initial Gloss, Initial Color, and Corrosion
2 02/13/2013 6 months Gloss and Color
3 08/16/2013 12 months Gloss and Color
4 02/16/2014 18 months Gloss Color, and Corrosion
5 08/16/2017 60 months Corrosion

1 Results Summary
1. Color Retention

A Color retention was measuramh the full system panelevery six (6)
months per ASTM D 2244Test Method for Calculato of Color
Differences from Instrumentally Measured Color Coordinates

A A Dr. Lange SpectroColor handheld portable color meter using the CIE
L*a*b* format, D-65 illuminant, and a 10° obserweas used

A A colords fAlightnesso (tadark (black=0)s f r orm
A more reddish color will give a positive a* value, and conversely, a more
greenish color will give a negative a* value. A more bluish color will give
a positive b* value, andonversely a more yellowish color will give a
negative b*value.

A Asinglenumbe i ndicator of overall col or
calculating the square root of the sum of the squares of the lightness (L*)
and color differences (a* and b*) according to the following equation (Eq.
1).

QPE = 1A 2¢ @i a)+ (b1 by)? Eq. 1

Where:

Li = Initial Lightness Value
Lt = Final Lightness Value
a = Initial Red/Green Value
& = Final Red/Green Value
bi = Initial Blue/Yellow Value
br = Final Blue/Yellow Value
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A The color change ( pBjonthirdesvalcfa hiotall at e d
of 18 months and is reported in Table

Table 6 Color Differences of Full Coating Systemger ASTM D 2244
System 6 Month 12 Mont 18Mont h
Control 0.7 0.1 1.1

1 10.1 12.6 9.4
2 1.0 0.7 1.6
3 2.2 1.4 4.8
4 2.0 2.1 1.4
5 3.4 2.6 17.3
6 2.9 0.3 0.8
7 2.9 0.8 4.7
8 3.1 1.4 6.9
9 13.7 13.2 16.7
10 1.8 1.2 6.2
NASA TEERM
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human eye in a side by side comparison. However, in less than ideal

i ghting, a @E of two (2) or three
color.r The col or change (®@E) was <cal cul
a total of 18 months and is repatte Figure?.

® 6 Month AE #12 Month AE ™18 Month AE

18 -

16

14

12

10

=3

e

bt

" -] L3 - - ", % L] 2

Figure 7 Color Differences of Full Coating Systems

A Only Systems 2, 4, and 6 showed acceptable color retention. Color
retention, however, does not necessarilyaat# that the coating will not
provide the necessary protection and will not prohibit a system from being
approved and added to the APL.
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2. Gloss Retention

A Full system test panels weevaluated for gloss retentievery six (6)
monthsper ASTM D 523 $tandird Test Method for Specular Glgss

~using a BYK Gardner TiGloss portable gloss meter at a 60° angle.

A Gloss meters record the amount of reflective illuminated light at specified
angles of 20°, 60°, or 85°, and give a value in gloss units (GUs). The 60°
geometry is used for most specimens, and is the initial angle used to
determine whether the 20° or 85° angles may be more applicable. The 20°
angle is used when the 60° angle gloss values are higher than 70 GUs,
while the 85° angle is used when the 6@gla gloss values are less than
10 Gus. The 60° angle was used for the systems in this report since most

~ of the values were between-I0 GUs.

A Gloss measurements were performed on the unexposed surfaces.
Measurements were taken in three (3) spots onptmel face and

~averaged.

A The initialandinterval GU data are presented in Tafle

Table 7 Gloss Data for Full Coating Systems per ASTM D 523
Svstem Initial 6 Month 12 Month 18 Month Percentage
y Gloss Gloss Gloss Gloss Retention

Control 69.2 60.7 69.7 68.6 99%
1 14.1 0.6 0.2 0.8 6%
2 21.4 32.3 35.7 38.5 180%
3 37.6 68.1 71.1 65.5 174%
4 20.6 2.3 2.3 1.5 %
5 21.5 2.1 2.0 5.5 26%
6 34.5 35.9 34.5 34.3 99%
7 26.1 32 29.9 35.2 135%
8 48.7 33.6 32.4 35.6 73%
9 5.3 2.2 1.7 2.1 40%
10 63.0 51.9 36.2 37.6 60%
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A It is important to note that the initial value is not of importance except to
act as a comparison to the final reading in order to determine the éoating
gloss retetion.

A The final gloss retention percentages are shown in F&jure

m % Gloss Retained

180

160

140

120

100 =
80 -
60 -
40 -
20 -

| | Control
T - T T T - I T I T T T I T
v ™ ™ ) o A % S

> N

Figure 8 Gloss Retention of Full Coating Systems per ASTM D 523

A It is surmised that a coatigy st emés gl oss val ue

over time due to the cleaning performed prior to the readings being taken.
The cleaning may remove the dullgortions on the tomf the coating
resulting in an increase in gloss retention.

A Only Systems 2, 3, 6,na 7 showed performance equal to or better than

the control coating system. Gloss retention, however, does not necessarily
indicate that the coating will not provide the necessary protection and will
not prohibit a system from being approved and add#ueté\PL
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3. Degree of Rusting
A After 18 months of exposurehd condition of theprimeronly and full

systemcomposite panels ewe ratedper ASTM D 610 Htandard Test
Method for Evaluating Degree of Rusting on Painted Steel Su)faces
using the numerical grasl scale in ASTM D 610, Table Bcale and
Description of Rust Gradesvhere 0 indicates 100% surface rusting and

10 indicating lss than 0.01% surface rusting.

The composite panels used for this testing has approximately 32 square
inches of exposed areaThis calculates to 0.0096 square inches for a
rating of #A90, 0.032 square inches
for a rating of A70, and so on.
Table8 showsthe Rust Grade Ratings Scale per Table 1 of ASTM D 610.

Table 8 ASTM D 610 Rust Grade Ratings Scale

Rating

Description

=
o

No rusting or Ies than 0.01% of surface rusted

Minute rusting, les than 0.03% of surface rusted

Few isolated rust spotgds than 0.1% of surfacested

Less than 0.3% of surface rusted

Extensive rust spots, but less than 1% of serfaisted

Rusting to theextent of 3% of surface rusted

Rusting to the extent of 10% of surface rusted

Approximately 1/6 of the surface rusted

Approximately 1/3 of the surface rusted

Approximately 1/2 of surface rusted

O/RPIN W Al OTHO | N||©

Approximately100% of surface rusted

Typically, all rating values were determined from an average of four (4)
ratings. Where the panel ratings differed from panel to panel, glesim
arithmetic mean is reported. In cases where the panel rating for a single
panel showed extraneous degradation in comparison to the other three (3),
the rating was not included in the average due to the possibility of
application or preparation defects

The primeronly composite panels must achieveA8iTM D 610rating of

nine (9) or better, and the full system panels must achiev&Sdam D

610 rating of eight (8) or better, after 18 months of exposure to be
considered for addition to the NASBTD-5008B APL. These systems
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must then continue to provide acceptable protection and performance for a
period of five (5) years in order to remain on the APL.

A Table 9 shows the Rust Grade Ratings for the Pronir and Full
Coating System

Table 9 Degree of Rusng per ASTM D 610
System SSPGVI S 2 fAGo Ratings
Panel 1 Panel 2 Panel 3 Panel 4 Average
Control- Primer 9 9 10 9 9.3
Control- Full 8 9 9 8.5
1- Primer 2 2 2 2.0
1 - Full 2 2 2 2.0
2 - Primer 9 9 10 9 9.3
2 - Full 8 8 9 8.3
3 - Primer 3 3 3 3.0
3- Full 7 7 7 7.0
4 - Primer 10 10 10 9 9.8
4 - Full 10 8 9 8 8.8
5- Primer 3 3 3 3 3.0
5- Full 3 3 3 3 3.0
6 - Primer 4 4 4 4 4.0
6 - Full 4 4 4 4 4.0
7 - Primer 2 2 2 2 2.0
7 - Full 2 2 2 2 2.0
8 - Primer 2 2 2 2 2.0
8- Full 3 4 3 3 3.3
9 - Primer 10 9 9 10 9.5
9- Full 10 10 10 10 10.0
10- Primer 4 4 4 4 4.0
10- Full 5 5 5 5 5.0

A Only Systems2, 4, and 9Bold Textin Table aboveshowed acceptable
performarce
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4. Scribe Creepage
A The full system flat scribed panels were rated at the end of theohsh
exposure using ASTM D 165%fandard Test Method for Evaluation of
Painted or Coated Specimens Subjecteddoosive Environmenjs
A This test shows how well a ating system protects against corrosion when
damaged.
A Table10shows the rating scale per ASTM D 1654.

Table 10 ASTM D 1654 Rating Scale Representative
Mean Creepage from Scribe

Millimeters Approximate Inches| Rating Number
0 0 10
Over 0.0- 0.5 0-1/64 9
Over 0.5 1.0 1/64-1/32 8
Over 1.0- 2.0 1/32- 1/16 7
Over 2.0- 3.0 1/16-1/8 6
Over 3.0- 5.0 1/8- 3/16 5
Over 5.0- 7.0 3/16-1/4 4
Over 7.0- 10.0 1/4-3/8 3
Over 10.0- 13.0 3/8-1/2 2
Over 13.0- 16.0 1/2-5/8 1
Over 16.0 5/8 - more 0
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A Table11shows theesults of the coating systemer ASTM D 1654.

Table 11 Scribe Failure Ratings per ASTM D 1654
System Panel 1 Panel 2 Panel 3 Average
Control 10 10 10 10.0
1 0 0 0 0.0
2 8 10 10 9.3
3 0 0 0 0.0
4 10 10 10 10.0
5 0 0 0 0.0
6 0 0 0 0.0
7 0 0 0 0.0
8 0 0 0 0.0
9 10 10 10 10.0
10 0 0 0 0.0

A Only Systems 24, and 9 (Bold Text in Table above) showed acceptable
performance

5. Degree of Blistering

A A phenomenon peculiar to painted surfaces is the formation of blisters
relative to some system weakness. This test provides a standard procedure
of describing theige and density of the blisters so that comparisons of
severity can be made.

A After 18 months, e condition of the full systertest panels wasalso
evaluated forblistering perASTM D 714 Gtandard Test Method for
Evaluating Degree of Blistering of Paits

A Figure9 shows he referencstandards imSTM D 714,section 3.
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Figure 9 Condition Ratings per ASTM D 714
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A Table12 shows theesults of the full coating systemsrASTM D 714.

Table 12 Degree of Blistering per ASTM D 714
System Panel 1 Panel 2 Panel 3 Panel 4 Average
Control- Primer 10 10 10 10 10.0
Control- Full 10 10 10 10 10.0
1 - Primer 2F 2F 2F 2F 2.0
1- Full 2F 2F 2F 2F 2.0
2 - Primer 10 10 10 10 10.0
2 - Full 10 8F 8F 8F 9.5
3 - Primer 2F 2F 2F 2F 2.0
3- Full 8F 8F 8F 8F 8.0
4 - Primer 10 10 10 10 10.0
4 - Full 10 10 10 10 10.0
5 - Primer 2M 2M 2M 2M 2.0
5- Full 2M 2M 2M 2M 2.0
6 - Primer 4M 4M 4M 4M 4.0
6 - Full 4M 4M 4M 4M 4.0
7 - Primer 2M 2M 2M 2M 2.0
7 - Full 2M 2M 2M 2M 2.0
8 - Primer 6D 6D 6D 6D 6.0
8- Full 4F 6F 6M 6M 55
9 - Primer 10 10 10 10 10.0
9- Full 10 10 10 10 10.0
10- Primer 4F 4F 4F 4F 4.0
10- Full 6F 6F 4F 6F 5.5

A Only Systems 2, 4, and 9 (Bold Text in Table above) showed acceptable
performance
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Atmospheric Exposure Testing Documentation

The panels were installed at the KSC Beachaiaheospheric Test Site on 08/13/2012. The test
racks are designed accordito ASTM G 50 $tandard Practice for Conducting Atmospheric
Corrosion Tests on Metgls They form a matrix of five (5) rows, numbergéeé and five (5)
columns lettered A=. The following figures show the arrangement of the panels as they were
installedon the racks and identify the coating system for each unique number as shown in Figure
10 below.

Panel #

System #

Figure 10 Key for Test Panels for Atmospheric Exposure Testing

The figures showing performance over the 18 month exposure period at the KSC Beachside
Atmospheric Testbed are:

Systems 45 Primeronly: Figures 1415
Systems 6L0 Primeronly: Figures 1&0
Full Systems 5. Figures 2425

Full Systems 6L0: Figues 2630

Full Systems 110 Scribed: Figures 335

= =4 -8 -4 -9

For the Primepnly panels, System 2 was used as the control coating since it is already approved
and included in the NAS/ATD-5008B APL.
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Figure 12 Systems 5 Primer-only Test Panelsi Initial (08/13/2012)
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Figure 13 Systems 15 Primer-only Test Panels 6 Months (02/13/20138
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Figure 14 Systems 15 Primer-only Test Panels 12 Months (08/162013
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Figure 15 Systems 15 Primer-only Test Panels 18 Months (02/162014)
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Figure 16 Key for Systems 610 Primer-only Test Panels
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Figure 17 Systems @0 Primer-only Test Panels Initial (08/13/2012
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Figure 18 Systems-10 Primer-only Test Panelsd 6 Months (02/13/2013
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Figure 19 Systems @0 Primer-only Test Paneld 12 Months ((8/16/2013
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