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EXECUTIVE SUMMARY

Workshop sponsors: The workshop was sponsored by SERDP/ESTCP and
the DoD Office of Emerging Contaminants.

Workshop purpose: This technical workshop was designed to bring together
DoD and industry engineers to identify specific DoD needs, commercial
solutions, and engineering data for replacing chromate processes used for
overhaul and new weapons systems in vehicles, aircraft and vessels:

U DoD needs for chromates and their alternatives
Commercial and military experience with alternatives
Specific COTS treatments to meet DoD requirements
Data and specifications for making engineering decisions

Data gaps are and how they can best be filled

o000 D

Options where no potential COTS products are available.

The workshop included briefings from DoD and commercial organizations
(including summaries of available COTS technologies), panel discussions and
breakout sessions.

DoD usage of chromates: Chromates are used both for corrosion protection
and for adhesion. The major usages are:

U Corrosion resistant chromate conversion coatings on Al and Mg alloys,
including aircraft skins, gearboxes and structural components

O Chromated primers and chromated metallic-ceramic paints (paints and
primers were not covered in this workshop to permit a sharp focus
compatible with a two-day meeting)

O Chromic acid anodizing
O Chromate washes for steels.

DoD usage of chromate alternatives: There are several ways in which non-Cr®*
alternatives differ from chromates:

U We are now using 4" generation Cr* treatments, which often (but not
always) contain Co inhibitors and nanophase SiO, to fill scratches. For
many materials trivalent processes are now as good as (and in some
cases better than) hexavalent processes.

O Non-Cr* treatments are significantly more process sensitive than
chromates. Even rinse water quality must be carefully controlled. This
has often made them less reliable in production.

O Non-Cr® treatments are still not adequate for 2024 and 7075 Al.

There have been a number of adoptions of chromate alternatives by DoD and
prime contractors:

U NAVAIR Tri-Chrome Pretreat (TCP) is now available commercially from
several vendors, and has proved to work well for most Al alloys, for Cd-
alternatives (Al and ZnNi coatings), for sealing anodize layers, and for
Mg alloys.

0 TCP has been approved by NAVAIR for some Al alloys.
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0 The various commercial TCP materials are expected to appear
on the QPL for Mil-DTL-5541F, Type IlI, Class 1A and 3 shortly.

o AMRDEC Materials has authorized TCP for implementation on
Army helicopters

NADEP Cherry Point Implemented Alodine T5900 Jan. 2006.
The Air Force has authorized PreKote under Tech Order 1-1-8.

The US Army Tank Automotive Command (TACOM) has issued an
Authorization Letter for Alodine 5700.

The Marine Corps DRPM AAA has authorized Alodine T5900 as well as
Alodine 5700 wipes.

Boegel adhesion promoter is now available commercially as AC 130,
Alodine 6000 SG.

The Stryker program has adopted Alodine 5200/5700 for Al roadwheels
as well as eliminating wash primers for some high-hard steels.

The Air Force has successfully demonstrated PreKote in place of
chromate conversion for C130 aircraft skins.

The F-35 has adopted Deft non-Cr®* primer in combination with a
chromate pretreat for all internal painted spaces.

COTS products: There are a large number of COTS products for Zn and Zn
alloys, which are widely used commercially, especially in the automotive industry
(see table below). In addition there are various products for Al and Mg:

a
a
a
a

a

TCP products — Alodine T5900, Aluminescent, ChromitAl TCP, TCP-HF
NCP products — Iridite NCP
Numerous products for Zn alloys (see table below).

Anodize alternatives — Thin Film Sulfuric, Boric Sulfuric, Keronite,
Tagnite.

Non-Cr primers from Deft, Akzo-Nobel, PPG.

Outstanding issues:

a

Q
Q
Q

Chromate seals on Cd and Zn plated fasteners. Needs coverage
identification method (a color indicator to show degree of protection,
which current Cr®* rinses provide as yellow, olive, black, etc.).

Still need replacement for cr® wash primer for steel and aluminum.
There are still few treatments that work well for 7075 and 2024 Al.

There is still a need for chromate alternative treatments for Al electrical
boxes that are not painted.

Workshop product: In addition to this report, users agreed to supply their
requirements for various applications, and vendors to identify COTS products
that meet those requirements, match against commercial specs, and provide
supporting data if it can be made available. This information will be incorporated
into a database of information on chromate alternatives.
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Application

Al zincate pre-plate

Al zincate pre-plate

Al zincate pre-plate

Al zincate pre-plate
Passivation - Al pretreat
Passivation - Al pretreat
Passivation - Al pretreat
Passivation - Al pretreat
Passivation - Al pretreat
Passivation - Al pretreat
Passivation - Al pretreat
Passivation - Al, Ti, Mg
Passivation - Al, Ti, Mg
Passivation - Al, Ti, Mg
Passivation - Al, Ti
Passivation - Al
Passivation - Al

Passivation - Al, Mg

Passivation - Al
Passivation - Al
Passivation - Zn, Zn alloy
Passivation - ZnNi
Passivation - Zn, Zn alloy
Passivation - Zn
Passivation - Zn, Zn alloy
Passivation - Zn, Zn alloy
Passivation - Zn, Zn alloy
Passivation - Zn (alk)
Passivation - Zn, Zn alloy
Passivation - Zn, Zn alloy
Passivation - Zn, Zn alloy
Passivation - Zn, Zn alloy
Passivation - Zn, Zn alloy
Mg zincate pre-plate
Sn-Zn electroplate

Sn-Zn electroplate

Zn (12-16)Ni electroplate
Zn (12-16)Ni electroplate
Zn (12-16)Ni electroplate
Zn-Ni

Zn (12-15)Ni electroplate
Zn (8-12)Ni electroplate
Zn-Ni

Zn-Ni

Inorganic seal

Inorganic seal

Inorganic seal

Inorganic seal

Organic seal

Organic seal

Organic seal

Organic seal

Organic seal
Organic/Inorganic seal
Electroless Ni

Electroless Ni

Electroless Ni

Electroless Ni

Electroless Ni

Electroless Ni/PTFE
Torque-tension modifier

Vendor
Atotech
Atotech
MacDermid
MacDermid
Atotech
Atotech
Atotech
Atotech
MacDermid
MacDermid
Pantheon
Henkel
Henkel
Henkel
Henkel

AC Tech
Henkel

Luster-On

SurTec
Metalast
Atotech
Atotech
Atotech
MacDermid
Enthone
Enthone
Taskem
Taskem
Taskem
Taskem
Taskem
Luster-On
SurTec
MacDermid
Atotech
MacDermid
Atotech
Atotech
Atotech
MacDermid
MacDermid
MacDermid
Enthone
Enthone
Atotech
MacDermid
MacDermid
MacDermid
Atotech
MacDermid
MacDermid
MacDermid
MacDermid
Enthone
Atotech
MacDermid
MacDermid
Enthone
Enthone
MacDermid
Taskem

Product cri*
TriBond® Il

AlumSeal® 650

Bondal CF

Metex 6811

Interlox® 338 (ZrCr) 4
UniPrep® PP (borate ester)

Interlox® 5704(ZrMn)

Interlox 5705(ZrMg)

Iridite TCP v
Iridite NCP

PreKote

Alodine T5900, T5900 RTU v
Alodine 871 Touch-N-Prep v
Alodine 5200, 5700

Alodine 6000 SG

AC 130

Alodine EC?

Aluminescent

ChromitAl TCP
TCP-HF

Ecotri®

Tridur®

Rodip® ZnX

Tripass, Tripass ELV
Zinchrolyte

Perma Pass

Trimate

Lanthane

Finidip

TR 175, 173

TC-HP, TC-SA
Tri-blue, Tri-descent, Tri-black TZT
Chromiting

Bondal Mg
Reflectalloy® SnZn
Enviralloy SN
Reflectalloy® ZnA
Reflectalloy® HD
Reflectalloy® TF
IsoBrite 570
Enviralloy NI 12-15
Nyzin 1200
Enthobrite CLZ 933, 941, 953
Enthobite NCZ
Rogard®

JS 500, 600, 1000, 2000
Ultraseal

Hydroklad SI
Corrosil®

NENEN NN AN AN NN AN AN AN ENENE VRN

Torque n’ Tension
HydroKlad
Hydrolac

Aqualac

Enseal

Nichem® 11
NiKlad ELV
Niklad ELV LMO
Enplate EN333LF
Enplate EN-806
Niklad ICE with ELV 811
Finigard
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Notes. Approvals
Non-cyanide

Pretreat for powder coat

NAVAIR TCP licensee
NAVAIR NCP licensee
Paint adhesion promoter

Touch-up

Non-phosphate

Sol-gel (Boegel); adhesion promoter
Sol-gel (Boegel); adhesion promoter
Electrodepos TiO,

NAVAIR TCP licensee; QPL listed for Mil-DTL-5541F,
Type Il, Class 1A and 3

NAVAIR TCP licensee
NAVAIR TCP licensee; also used as anodize seal

Co-free
Clear, blue, iridescent, yellow, black

Nanoparticle, clear, blue, iridescent, yellow, black

Includes nanoparticles
Blue

Non-cyanide
Non-cyanide

Bright

Ductile

For subsequent organic coating

Acid process

Alkaline, for rack and barrel plating

Alkaline

Acid, bright

Alkaline non-cyanide; ductile and bright versions

Various

Pb and Cd-free

Pb and Cd-free; low, medium, high phos
Pb and Cd-free; organic stabilizers

High phos, Pb-free

Mid phos, Cd and Pb-free

High phos

Zn and Zn alloys
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Technology - Materials Technology Lab PBDE Polybrominated Dipheny! Ether
CARC Chemical Agent Resistant Coating PDM Periodic Depot Maintenance
CCC Chromate conversion coating PEL Permissible Exposure Limit
COTS Commercial off-the-Shelf PFOA Perfluorooctanoic Acid
Cr”, CVI, hex Synonyms for hexavalent chromium PFOS Perfluorooctyl Sulfonate
chrome PM Project manager
DLA Defense Logistics Agency PPE Phenylene Ether Co-polymer
DoD Department of Defense PRF Performance
DSP Defense Standardization Program QPL Qualified Products List
DSTO Defence Science & Technology RDE Responsible Design Engineer
Orga.nlsatlon (Australia) RDX Cyclotrimethylenetrinitramine
DTL Detail — — - Registration, Evaluation, Authorization and
EFV Expeditionary Fighting Vehicle REACH Restriction of Chemicals
ELV E”d_ of Life Vehicles : ROHS Restriction of Hazardous Substances.
ESOH |Iir;\i/illrt'cr)‘nment, Safety and Occupational SAA Sulfuric Acid Anodize
- - SAE Society of Automotive Engineers
ESTCP EnV|_r(_)nm_entaI Security Technology Strategic Environmental Research and
Certification Program SERDP Development Program
FRC Fleet Readme_ss Centgr - - TACOM Tank Automotive Command
GSA General Services Administration TCE Trichloroethylene
GTE G_as turbm_e engine TCP Tri-Chrome Pretreat (developed by NAVAIR)
HVOF High velocity oxygen fuel TES(AA) Thin Film Sulfuric (Acid Anodizing)
VD I(?n Vapor Dep03|t_|on TSAA Thin Film Sulfuric Acid Anodize
LCS Littoral combat ship USAF US Air Force
MERIT #/I:;:xals of Evolving Regulatory Interest USAMP United Stgtes Automotive Materials
- - Partnership
MRO Maintenance repair and overhaul USCG United States Coast Guard
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NAVAIR Naval Air Systems Command WEEE Waste Electrical and Electronic Equipment
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Wednesday May 16, 2007 Click blue text to go to item in document. Paper clips open files.

Subject
Welcome and logistics

‘ Name
Bruce Sartwell

Organization
ESTCP, SERDP

Workshop introduction and aim

Keith Legg

Rowan Technology

OSD and Emerging Contaminants

Carole LeBlanc

MERIT team, DoD OEC

Global Chromate Requirements & Trends

Mike Wyrostek

MacDermid
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Pretreatments for Al on aircraft Bill Nickerson NAVAIR
Cr’" and COTS options for vehicles John Beatty ARL
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Managing the Transition to Hexavalent | Rob Berry, MacDermid

Chromium Free Anti-Corrosion Coatings

Mike Wyrostek
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Lindeman 8 Kelly

(Taskem)

Joe Ciejka (Luster-On),
(Metalast), Richard Buchi (Pantheon Chemical),

Ray Lindeman Sur-Tec International, Mike Kelly

Joe Radzvilowicz

ﬁ Sol-gel Conversion coatings, and anodizing Joe Osborne Boeing

ﬂ Coatings for Fasteners Rick Delawder SWD

ﬂ Ce-based Conversion Coatings Matt O'Keefe Univ MO/Rolla
B Issues with use of Chromate Alternatives Steve Gaydos Boeing

Panel Discussion #1 - COTS cCr*

alternatives:

Chair: Steve Brown

Available products and experience with
commercial Cr® alternatives (for Al, steels,
coatings)

Steve Brown (NAVAIR, PAX), Craig Bishop
(Atotech), Jim Kloeckener (Enthone), Todd
Lavender (WR ALC), Bill Wittke (Henkel), Mike

practice?

Wyrostek  (MacDermid), Mary  Traficante
(Atotech)
8 Advanced Aluminum Anodizing Technology Ruben Prado FRC Southeast
ﬂ Modern Facilities Design for Surface Finishing | Peter Gallerani | Integrated Tech
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AFB), John Lindstedt (Artistic Plating)
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SERDP-ESTCP Metal Finishing Workshop -
Chromate Alternatives for Metal Finishing and
Sealing

Keith Legg, Rowan Technology Group
Metal Finishing Workshop, Layton, UT
May 16, 2007

Keith Legg 847-680-9420
i ‘www.hazmat-

Purpose of the workshop

0 Share information on 0 Chromates in
DoD needs and » Conversion coatings for
commercial products Al and Mg
~ Specific non-Cré* COTS > Wash primers for steels
treatments available » Sealers for corrosion
> What data and resistant coatings (Cd,
specifications suitable Al, ZnNi, etc.)
for making » Anodizing alternatives

engineering decisions > Not primers, except in
DoD needs, gaps in terms of need for full
data and how to fill finishing and painting
them system

What can we do where

there are no potential

COTS products

N

v

o klegg@rowantechnology.com

Workshop output

0 Better understanding, closer collaboration
between DoD and finishing industry
> What we need
> What we got
> Who to call
0 Report on avdilable solutions and what to
do where there are no good options
0 Build up Engineering Database for
finishing

Mazmar
klegg@rowantechnology.com

Next steps from Metal Finishing side meet nlgl heid -
in December 2006 at SERDP ESTCP Symposium

0 That meeting and May 32006 workshop improved
contact and collaboration between DoD and
finishing industry

0 Follow-on joint workshop between DoD, NASF to

di specific ¢ cial solutions to DoD
chromate problems
> This workshop
0 Database of engineering data
» Engineers need ready access to engineering data on
alternatives adequate for king engi ing
decisions

> Under way and should take place over coming year.
0 Expand and r HCAT to p metal
finishing in general (or materials in general)

Mazmar
klegg@rowantechnology.com

Surface Engineering Database

Item
Corrosion
[ Embrittiement |
Fatigue
Wear/Friction
impact
Adhesion
Integrity

Technical Reports %

TEST DATA }4,

Test Protocols }

Bieigs ) | .SERDP and ESTCP-generated

Specifications } data
*All other releasable DoD data
Approvals } we can get our hands on
) CAl cial data
7| companies are willing to give
Other Documents } us

sLinks to data held by others,
e.g. NASF, NMFRC, etc.

klegg@rowantechnology.com

T

Long term vision

Yechnulogy Analyae
(Fit to Needs and Requirements)

*Good DoD/industry
collaboration
*Good, solid data to Are there
make it easier for DoD Fitth
to adopt better
materials and
processes

Engineering
Database of Surface
Treatments
(properties,

sisAleuy Jjouog-1so:

performance,
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Workshop principles

0 This is a workshop, not a symposium!
o Everyone here is a participant
> We want to hear from everyone
» Briefings are for background to provide info for
discussion
0 Have a lot of briefings, panel discussions, breakouts
> Raise questions and comments during briefings

> Note down i i q for periods,
breakouts - blank pages in book for that if you want
them

Let's all get as much out of this as we can!
o All info available beforehand is in book, all briefings
and other docs will be available afterwards
> No need for furious scribbling!

v

—_—
o klegg@rowantechnology.com
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DoD Metal Finishing Workshop
Davis Conference Center, Layton, Utah

oceaRTMENT 07 BEFENsE
g« prosiourres
Argubatory wterest Team

Davis Conference Center
Layton, Utah
May 16-17, 2007

Emerging Contaminants Direclorate

Emerging Contaminants Directorate
Update to the DoD Metal Finishing
Workshop

Carole LeBlanc, Ph.D.
Special Expert, Emerging Contaminants
Office of the Deputy Under Secretary of Defense
(Installations & Environment)

Emerging Contaminants Directorate

What Is an Emerging Contaminant?

Chemicals & materials
< With
¢ Perceived or real threat to human health or environment
+ Evolving regulatory interest
+ Either no peer reviewed health standard or an evolving
standard
<+ May have
¢+ Insufficient human health or environmental data/science

+ New detection limits -
New exposure pathways )
¢ p p Y g
[ = ]
.._ .’—I

The Vision

Imagine if the largest industrial complex in the nation could...

+ Predict which chemicals it uses, or might use, pose
human health and environmental risks and have an
evolving regulatory status

%+ Develop a consensus evaluation of types &
maghnitudes of the risks in using/releasing such
chemicals

%+ Develop risk management options and invest in high-
payback actions

+ Achieve and measure risk reduction

Carole.LeBlanc@osd.mil
704.604.1934

May 16-17, 2007

Emerging Contaminants Directorate

Presentation Overview

+ Emerging Contaminants (ECs)

+ Identifying ‘Watch’ and ‘Action’ Chemicals

+ Risk Assessment and Risk Management (RM) Opportunities
<+ EC Directorate

¢ The MERIT Team and Subject Matter Experts (SMEs)

+ Partnerships and Other Stakeholders
+ Hexavalent Chromium

¢ Current Status

+ Next Steps

**Your Role***

Why the Need for Action?

Proactive vs Reactive

Readiness Impacts

Cleanup Costs
— + Compliance Costs

Health Claims

Early Emerging
Contaminant Actions

T~
-+ Platform/Facilities
Life Cycle Costs

5% $$$

Small investment here Large impact here

Emerging Contaminants Directorate

Strategic Priorities to Achieve the Vision

National Level
Issues

Strategic
Process
Improvements

Engage Internal
& External
Stakeholders

Identify, Assess
& Manage DoD
Risks

DoD, Federal, State, Internal DoD &
NGOs, & Industry Industry Partners

Update of the Emerging Contaminants Directorate
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Emerging Contaminants Directorate Emerging Contaminants Directorate

How Are Emerging Contaminants ldentified? Phase | EC Impact Assessment

: 1 Probability of Regulation/Re-regulation
. Over-the-horizon Review literature, obability of Regulation/Re-regulatio
"" periodicals, regulatory 2. Impact on DoD Functional Categories
l ! communications, etc.
Pasaltle Dol lmpact Monitor events; conduct Environment | Readiness & Acquisition O&M of DoD Cleanup
h Phase | qualitative Safety & Training Assets
I-‘ Assessment impact analysis Health
Probable high DoD impacts

management actions
© | ©

E » Decision — Move to Action List?

. Resul — - ) :
3 esults « Initial Risk Management Options

Conduct Phase Il
‘ "l ! quantitative impact . . . . .
' EEBARIEN analysis; launch risk . . . . .
l @ @ @
risk
My

Emerging Contaminants Directorate Emerging Contaminants Directorate

Chemical and Material Differences Chemicals and Materials Identified Thus Far

Watch List Action List

4+ May impact DoD < Likely to impact DoD als

4 Limited analysis of impact — « Detailed analysis of impact — W
more qualita)t/ive P more quantitZtive P

4+ Monitor external actions 4+ Take RM actions

<+ Updated regularly <+ Executive info sheets

+ Short info sheets developed developed

+ Minimal resources expended # Significant resources may be
ium VI !!“U
P e Naphth —

expended
<+ “Material champion” assigned

Emerging Contaminants Directorate Emerging Contaminants Directorate

Example: TCE and the Relative Risks to
EH&S and Cleanup

How Are Phase | Assessment Results Displayed?

« By individual risk ‘cubes’ that DoD can use to make
informed investment decisions to manage risks

(oo

Extensive Engagement

I

* Risk Assessment

o
" * Fill science gaps E‘ Legend
o * Exposure assessment 8 + ES&H
§ « Benchmark with Industry g = Readiness & Tralning
5] « Risk Management < 4 Acquisiticn/ROTEE
] * Material substitution E » O&M of Assats
5 « Process changes H t Cleanup
z « RDT&E £
ks n N « Acquisition changes 2
& Differential Level . + Benchmark with industry B
of Engagement « Stockpile material
: ":g;eﬁﬁ‘gomp"ance L Severity of Impact H
+ Additional training TCE Phase 1 Impact Assessment
* Risk communication Completed October 2006
Carole.LeBlanc@osd.mil Update of the Emerging Contaminants Directorate
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Example: Beryllium and the Relative Risks to .
P Y Who Is Involved in the EC Process?

EH&S and Readiness & Training

MERIT- A Virtual Team

Legend ‘
+ ESEH OSH staff
Acquisition staff
RPMs

w Readiness & Tralning
4 Acquisiion/RDTE Toxicologists

» OEM of Assets
1 Cleanup Researchers Service Steering
Group

Scientists Base environmental

Material Champions) staff
Severity of Impact H
Beryllium Phase 1 Impact Assessment

Completed March 2007

u

Legal staff

Likelihood of Adverse Impact

-

How Does the Directorate Achieve What Is the Status of Hexavalent Chromium
Its Goals? as an Emerging Contaminant?
# By enlisting various SMEs to participate 4 The first EC for which a Phase Il Assessment
in the assessments will be performed
#+ By partnering with other programs or < Your potential role in helping the EC Directorate
agencies such as SERDP to determine
<+ By leveraging professional expertise + Key DoD uses and applications
within other groups, for example, the + Impacts to DoD
metal finishing industry + Risk management options for DoD

Emerging Contaminants Directorate Emerging Contaminants Directorate

Hexavalent Chromium Question 1 Hexavalent Chromium Question 2
<+What are the uses of hexavalent +What are the roadblocks, both
chromium for which DoD cannot technical and otherwise, affecting
live without? the selection of alternatives to

hexavalent chromium?

Carole.LeBlanc@osd.mil Update of the Emerging Contaminants Directorate
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Emerging Contaminants Directorate

Hexavalent Chromium Question 3

+What are the risk management (RM)
options currently being examined
by your organization?

Emerging Contaminants Directorate

Otherwise...

Wi
& v -

The real reason dinosaurs became extinct.

Contact Information
< Dr. Carole LeBlanc
Office of the Deputy Under Secretary of Defense
(Installations & Environment)
1225 S Clark Street, Suite 1500
Arlington, VA 22202
Tel.: 703.604.1934
Fax: 703.607.0151
Carole.LeBlanc@osd.mil

THANK YOU FOR YOUR ATTENTION!

Carole.LeBlanc@osd.mil
704.604.1934

May 16-17, 2007

Emerging Contaminants Directorate

The Take Home Message

< Tell me your story
¢ What opportunities have we missed?
¢ What other sources of information do we need?

<+ What about all the questions | did not have
time to ask...

<+ Stakeholders meeting in July at EC’s Office to
(1) re-evaluate the risk cube with SMEs
(2) discuss the RM options for hexavalent
chromium’s Phase Il Assessment
+ Give me your business card
¢ Tell me who should be at this meeting

Emerging Contaminants Directorate

DoD EC Web Sites

DRI Mrovolt Intereet Ephorer provebed by Conmast N=E

e e o QD A Deeh Gireotn Pt P B IT HOO L O
““"‘“mhllps:/fwww‘den\x.osd,mil/denileu
[

blic/Library/MERIT/merit.html =] e
~jod @ D | Bhrobioded | 4o _

Quic timks DoD Site: http://intranet.dodmeritinfo.net
+ Pocy & Gutdance
 Gesmery
DoD is committed & What is Em g What's New
oD i committed to ats an Emerging ar's He |

rotecting the public, our  Contas
o arer Anmouncemants

ok force, the
’ by 37, 2088
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i MacDermid

Industrial Solutions

Global Passivate Requirements and Trends

Mike Wyrostek
MacDermid Incorporated

Presentation overview

Legislation
- Why are these changes being made?
- Implications for the metal finishing industry
EH&S issues

— What (if anything) should we do ?
Global trends

— What is everyone else doing?
Performance comparison

— How does trivalent compare to hex?

Directive’'s Background

Directive timeline overview

= Three Major Directives from European Union
= Restriction of Hazardous Substance (RoHS)
= Waste Electrical & Electronic Equipment (WEEE)
= End of Life Vehicle (ELV)

Restriction of Hazardous Substance (RoHS), Waste
Electric and Electronics Equipment (WEEE), and End-of
Life Vehicle (ELV) Directives will be implemented in 27
Member Nation States by 2007. Potential market of 490
million people

RoHS
« Effective Date - 1 July, 2006
« Six hazardous substances are covered - lead, mercury, cadmium, hexavalent
chromium, PBB (polybrominated biphenyls) and PBDE (polybrominated
diphenyl ether

WEEE
« Effective date - 31 December 2006
« Electrical & Electronic Equipment (EEE) means equipment which is dependent
on electric currents or electro-magnetic fields
+ Categories covered - small and large household appliances,|T and
telecommunication, consumer equipment, tools, toys, leisure and sport
equipment, medical devices, monitoring and controlling instruments, etc.

WELV
« Effective Date - 1 January, 2007
. Pugmse is the prevention of wastes from vehicles and the reuse, recycling
and other form of recovery to reduce waste
« Annex Il is periodically revised - 6/02, 1/05, 6/05, and 9/05 based on new
technology and available alternatives

Facts about environmental compliance

= Many people mistakenly think this restriction of hazardous
substances from all new automotive, electrical or electronic
equipment only affects European Union countries.

= [nfact, at least 23 states in the U.S. are considering legislation

of this type. California may have a law in place by 2007.

Canada, China, Japan and Taiwan are also expected to have

RoHS regulations.

In addition, environmentally conscious companies, not bound

by legislation, are actively transitioning away from trivalent

chrome. These include Harley Davidson, Caterpillar and others

Chrome Chemistry

= Hexavalent Chrome (Cr+6)
e Toxic, carcinogen, targeted
for elimination
= Trivalent Chrome (Cr+3)
o Far less toxic, essential for
good health
e Best available technology
without Cr*®
= Chrome Metal (Cr 9)
e Not part of the discussion






Health hazards associated with hex chrome

= NIOSH considers all Cr(VI) compounds to be potential
occupational carcinogens.

= An increased risk of lung cancer has been demonstrated in
workers exposed to Cr(VI) compounds.

= Other adverse health effects associated with Cr(VI)
exposure include:

e Dermal irritation, skin ulceration, allergic contact dermatitis,
occupational asthma, nasal irritation and ulceration,
perforated nasal septa, rhinitis, nosebleed, respiratory
irritation, nasal cancer, sinus cancer, eye irritation and
damage, perforated eardrums, kidney damage, liver
damage, pulmonary congestion and edema, epigastric pain,
and erosion and discoloration of the teeth.

E macDermid

Global trivalent passivate sales (US Gallons x 1000)

M Americas
W Europe
O Asia
2003 2005 2007
(projected)
WL Grn E MacDermid

Growth trends
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Global trends: Overview

= North America was the quickest to adopt change
= European transition was slower, but ramping up
= South America, following the lead of Europe, is just

beginning the transition

= Asia has been slow, but steady. Primarily as a result of
work transitioning to low cost countries as directed by NA
and European OEM's

W oan E macDermid

Global trends: What is changing?

= Zinc plating

e Trivalent conversion coatings for corrosion protection
= Mechanical plating and galvanizing

e Trivalent conversion coatings for corrosion protection
= Zinc alloy plating (Cd replacement)

e Trivalent conversion coatings for corrosion protection

e Non chrome conversion coatings prior to paint

Global trends: continued

= Aluminum and it's alloys
e Trivalent and non chrome conversion coatings for corrosion
protection and pre-paint applications.
= Magnesium
e Non chrome conversion coatings prior to paint
= Zinc based diecastings
e Trivalent conversion coatings for corrosion protection
e Non chrome conversion coatings prior to paint






Trivalent passivates: how are they different

Appearance

Build thicker films
Outstanding corrosion
protection

Good absorbance
characteristics

Thermal shock resistance

ALG FNL GaPuY

Salt spray comparison
Zinc plating

HAsis
W After bake

Hex Tri Hex Tri Hex Tri
blue blue yellow yellow black black
Ves W eaN EH macDermid

Salt spray comparison
Zinc alloys

700

600-

500-

400+

300

200

100+

Zn Fe Zn Fe Zn Ni Zn Ni
Hex Tri Hex Tri

YES (o man E MacDermid

Passivate Films
(10,000X Magnification)

@
‘
' r
L} 't
]
.
Hexavalent Chromate TriPass ELV
Vi3 Wr CEN H MiacDermid

Passivate Films After Thermal Shock
150C for 1 hour
(10,000X Magnification)

Hexavalent Chro

mate Tripass ELV
YEs W AN lmm

Tripass Vs Hexavalent Yellow

120 hours Neutral Salt Spray

T e mEm Mtae Devenid






In review..... —
] MacDermid

Industrial Solutions

Health hazards of hexavalent chrome are well documented Please visit our web sites at:

Legislation was put in place banning the use of hexavalent chrome in
many consumer goods.

Environmentally conscious companies are actively transitioning away WWW macd e rm I d CO m

from hexavalent chrome, even if not mandated to do so.
Environmentally compliant technologies are currently available that can H

meet or exceed the performance of hexavalent systems. WWW ZI n kl ad . CO m
Thank You for Your Attention

Mike Wyrostek
(203)575-5754
mwyrostek@macdermid .com

E macDermid
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Non-Chromate Alternatives

d Bill C Nickerson
Materials Engineering Division
NAVAIR 4.34

NACE Corrosion 2007

Technical Challenges Facing Department of Defense

* Reducing the amount of money spent on corrosion
prevention and control
— DOD currently spends 10-20 billion dollars per annum*

« Eliminating hexavalent chromium from the life cycle
of the coating system

* Increasing performance of coatings providing
materials protection against corrosion

*Corrosion Prevention and Control Planning Guidebook, Spiral Number 2-
July 2004, Issued by PDUSD (AT&L)

Alernatives Implemented
Limited Implementation/Near Term Validation

No Implementation/ Very Limited Implementation

Cadmium alternatiVes <. criicial coating

Post Treatment

General Components:
Critical

Metals Finishing
* Hex Cr in Finishing - Cré* is ubiquitous in its use for corrosion protection

— Basis of best corrosion resistant products, Very mature: used for 50 plus years, Very
robust, inexpensive (to purchase), and easy to use, Inhibits corrosion on multiple
materials: Al, Fe, Mg, Zn, Cd, Comfort level of users is “high”

— EO 13148 stipulates a 50% reduction in use of priority chemicals by EY06

— European Union Directive 2000/53/EC “End of Life Vehicle Directive” — Article 4,
Section 2 (a): bans Cr6* after July 1, 2003 — except for 2 gm/vehicle

— OSHA - Current PEL: 100 ug/m? Chromic Acid/52 ug/m? Cré* (ceiling
concentration) — New PEL expected CY06

Metals Finishing Applications

Technology —
«Conversion Coatings — Aluminum, Magnesium, Titanium, Zinc
*Anodizing Sealing — Aluminum Anodizing Sealing
«Sacrificial Coatings — Cd, Zn/Zn Alloys, IVD-Al/Aluminum Plate
*Phosphate Rinsing — Zn/Mn/Fe Phosphate
*Rust Inhibiting Coatings — Fe & Steel Alloys

Technology Drivers —
*Major Issue — Hexavalent Chromium Reduction/Replacement
«Safety & Health, Environmental

Obijectives

Optimization of compositions and processes
— Follow-on evaluations from current implementations
— Evaluate products/processes through lab and field testing
— Transition technology improvements for improved DoD & Industrial capability

Higher performance “green” coatings for corrosion control

— CrV'is toxic — Listed as known carcinogen by IARC, basis for all of the high-
performance coatings for military/industry standard

— Focus on ESOH has led to the implementation of coatings/processes that offer greatly
reduced corrosion protection






Objectives

» Demonstrate and validate the in-service performance of non-
chromate treatments on DoD aircraft and ground vehicle assets

« Aircraft — Rotary and Fixed-wing platforms for US Naval
Aviation, US Army Aviation, US Air Force

* Vehicles — US Army Ground Combat Systems, US Naval Sea
Systems, US Marine Corps Amphibious

NAVAIR Application Areas for Hexavalent Chromium Alternatives

* Alternatives MUST be compatible with secondary
finishing technologies
— Organic Primers/Paints, Baked Resin Coatings, Adhesives,

Sealants
CURRENT NAVY AUTHORIZATION: Non-chromated Conversion Coating
NON-Chromated Conversion Coating
(TCP) + Chromated Primers Non-chromated Primer

Chromated Conversion Coatings Chromated Conversion Coating

Chromated Primers (BASELINE) NON-Chromatéd Primer

Status

« NAVAIR -
- Authorization Letter issued for TCP
- NADEP Cherry Point Implemented Alodine T5900 Jan. 2006
« 20 A/C delivered to fleet
— NAS Kingsville — T-45 demo planned FY07

* AMCOM -
— AMRDEC Materials authorized TCP for implementation
— CH-47 FY06 Demo (1109" AVCRAD) - In service for 12+ months
— FYO07 CCAD Transition Planned

* USAF -
— TO 1-1-8 authorizes PreKote
— Ongoing dem/val - AC130
— SAE Committee Specification for organic surface finishes

Status
« TACOM -
— Authorization Letter issued for Alodine 5700
+ 5000/6000 Series — Red River Army Depot
— PM Combat Systems EMT TCP demo
* 3 M2A3 Bradley’s — 3+ yrs

e USMC -
— DRPM AAA authorized Alodine T5900
— Alodine 5700 Wipes — implemented 2005
* AVTB, Camp Pendleton

« NAVSEA -
— Technical warrant holder decision on implementation
— New platforms (LCS, Swift, etc) using more “aerospace” materials

Status

* General Dynamics —
— Revised Finish Spec - EFV
+ Alodine T5900

* BAE Ground Systems —
— FY06/07 demonstrating Metalast TCP-HF
+ Working with commercial finishing shops
- Evaluating Nalco TechBond

» Boeing St. Louis —
— Alodine 5700 Wipes for touch-up
— Evaluating TCP products for immersion line
— Working w/ UMR for Ce-based conversion processes

« United Technologies
— Evaluating TCP products for Sikorsky, HS, Pratt & Whitney

TECHNOLOGY TRANSFER
¢ MIL-DTL-81706 Revision B — Oct 2005
— Updating manuals and supply system

* MIL-C-5541 Revision F — Jun 2006
— Updating manuals and supply system

« SAE Committee B participation

* ASTM Committee F40 —
— WEEE, RoSH Impacts

* OEM & Industrial Partnerships
— Specs & Stds
— Commercial Finishing Vendors






Implementation

* NAVAIR Class N Authorization

— Ser AIR 4.9.7/7.4801 March 1, 2005

* 23377/85582 QPL Class N — Scuff-sand & Overcoat
— FRC NI Component Paint Shop

¢ MIL-PRF-85582 Type Il, Class N — PPG EWAE118A
— No authorization for Class N with MIL-DTL-81706 Tyl|
— Pursuing Class C1 primers

* MIL-PRF-85582 — 2" Source

* MIL-PRF-23377 - In progress
— MIL-PRF-85582 Class N — PPG

« Poor field testing results, adhesion and corrosion issues
- TT-P-2756

« Implemented for S-3, E-2, H-53

Implementation

* USAF Class N Authorization
— F-15 Program Approval — Deft 02GN084
+ Only being used at Sioux City, IA due to induction time issues
— Pursuing coating SYSTEM specification
. Cl face Ti rimer/Top ipper
- Qual as total system
+ Sicopoxy Class N — Failed initial MIL-PRF-23377 QPL Test
— Also pursuing SAE NC pretreatment specification
+ Have baselined “ELT/APC” topcoats — Deft/ANAC
— Known detriment to overall system corrosion performance
— MIL-PRF-85582 Class N - PPG
« Field testing late 90’s — Poor results, extra corrosion reported

Implementation

* AMCOM Class N Authorization
— AMSRD-AMR-AE-U Memo TN12144 12 February 2005
« 23377 Class N recommended over 85582 Class N
— Approves use of MIL-DTL-81706 Type Il w/ Class N primers
« Specifies 85582 Class N for wet-install — non-aqueous reduction
- 1109 AVCRAD - Oct. 2005
« Began field testing of Class N system — TCP/Hentzen 23377 N
« Currently in process of implementation for H-47, H-60, H-58
— Corpus Christi Army Depot
+ Currently implemented Hentzen 23377 N
- Evaluating Deft 23377 N and 85582 N for implementation
* USMC Class N Authorization
— EFV Implementation — MIL-PRF-23377J Tyl, Class N
« All surfaces, including interior and wet install applications

Technical Status

* FY04 RDT&E Efforts
- NCP
NCP on anodized Al — corrosion, adhesion excellent — USAF additional testing — Navy
Invention Disclosure (1.D.) filed
Alt. metallic corrosion inhibitors, bare corrosion/adhesion
NCP on Al - corrosion, adhesion, color — Navy I.D. filed
NCP on Sac. Coatings — corrosion, adhesion — Navy 1.D. filed
- TCP
TCP-C - Alt. Zn counter ions — bare corrosion, solution stability, color
TCP/TCP-C on Mg - bare/painted corrosion, adhesion — Navy L.D. filed

TCP/NCP/TCP-C on Steel - paint adhesion/corrosion, humidity testing (underway) —

Navy I.D. filed
TCP/TCP-C appli pens - repair

adhesion/corrosion (underway)

pplicati bare corrosion , shelf-stability and paint

Technical Status

* FY05RDT&E Efforts

- NCP
« NCP-I Pretreatment — Bare corrosion testing (underway) — Adhesion/Painted Corrosion
(Navy 1.D. filed)

« NCP-I Anodize Seal — NCP yields 1,000+hrs on Al anodize — NCP with Inhibitor sealed
anodize coupons prepared (awaiting chamber space)

« NCP w/ counter ion Additive — Bare corrosion testing completed — no improvement vs.
baseline NCP

- TCP

« Crlll Anodize - Pushed out due to extremely high performance of TCP/NCP Sealing on
SAA, TFSAA, BSAA

FY04/5 TCP on Mg improvements to continue in FY06

Zn/Fe Phos Rinse — TCP as good or better than chromate in initial screening
TCP-I/1C for anodize sealing/sacrificial coating post-treatment (in progress)
TCP/NCP - Process optimized for bright Zn and ZnNi post-treatment

Alt. Counter-lon

TCP & TCP-C @ 336hr NSF
No Evidence of Corrosion even with TCP-C on AA2024T3






Aluminum Anodizing

Traditional Anodizing — Corrosion Resistant Coatings
Chromic Acid Anodize (Type 1) — Solution/Anodic Coating contain Hex Cr

Sulfuric Acid Anodize (Type 11, 11B) — Rinse/Sealer solution contains Hex Cr,
chromate film deposited on anodic coating

Hot Water Sealing greatly lowers the corrosion performance vs. chromate
anodizing/rinsing

Non-Chromate Anodize Rinse —

Trivalent Chromium Process (TCP) rinsing yields consistently better corrosion
performance vs. traditional chromate/chromic acid rinse (TCP more cost
effective)

Non-chromium Process (NCP) rinsing performs similarly to chromates over Type
11, 11B sulfuric acid anodize

N AV Z

|

2024Cr(V)  2024TCP 7075 crvi) 7075 TCP

190°F, 25 min RT, 10 min 190°F, 25 min RT, lO_n’l_i_U_

1680 hrs

N AV

Non-chrome seal for Thin-film SAA
AA2024-T3 1008hrs B117

NCP Dilute chromate Deionized water
10-min. ambient 25-min. 190°F+ 25-min. 190°F+

NAV

Magnesium Finishing

Magnesium Alloys used for high-strength/very light-weight
components

Transmission housings and gearboxes primary DoD application
Traditional Pretreatment Process (AMS-M-3171)

Contains Hex Cr, High Temp (200 F), often in conjunction with HT (180-190 F)
chromic acid pickle (Dow 7)

TCP/NCP Conversion Processes yield greatly improved adhesion and corrosion
performance

Touch-Up/Repair Coatings — Dow 19 — also need alternatives for in-situ repair

N AV

Bright Zinc Post-treatment

« Activation of the panels prior to TCP treatment severely
decreased the corrosion resistance

* Room temperature application of TCP outperformed
commercial Cr (I11)

¢ Optimum TCP performance was found when TCP was
applied at 120 °F for a 5-10 min immersion time

* The commercial Cr(VI1) performed only slightly better than

2P applied at 120° F

The 2P applied at RT, 85° F, and 100° F outperformed the

commercial Cr(lll)

Test Parameters

« Type of sacrificial coating
— Boeing bright zinc
— Zinc-nickel
— IVD-aluminum
* TCP/NCP composition with and without additives
» Chromated and nonchromated primers
« Key Processes
— Activated versus non-activated
— Peened versus unpeened for the 1VD-aluminum
— Immersion temperature, time, and solution concentration






26 Days Neutral Salt Fog (ASTM B117)

an

2P, 120 °F, 2P, 150 °F, Commercial ~ Commercial
5 min 5 min Cr (111) Cr (VI)
25 days

Results for IVD-Aluminum

Activation of the panels (more apparent with the peened
samples) increased corrosion protection

At over 4000 hours, the TCP/NCP is performing as well
the chromate control

« Optimum performance for the non-Cr (V1) post-treatments
was found on activated, peened samples with an
immersion time of 10-15 minutes applied at room
temperature

« After 6 months carrier exposure the NCP treated VD
panels look excellent

u

o ey

5S, RT, 15 min NCP, RT, 10 min Commercially Commercial Cr (VI)

Activated Activated Applied  Peened
Peened Peened 58, RT, 10 min
Peened

209 Days — Scribed IVD on 4130

T i - -

Results for IVD-Aluminum

1

e . Ry ; ] L

Alumiplate™ on 4130 steel — post-treated with NCP (I) and Alodine 1200S ®
4,200 hours in ASTM B117

NCP Conversion Coatings on 4130 Steel

Acetone wiped — 5 min. NCP Sand-blast — 5 min. NCP

TCP Conversion Coatings on 4130 Steel

Sand-blast — 5 min. TCP-C






TCP/NCP Conversion Coatings on 4130 Steel 4130 Steel Pretreatment

qi

r ! .
Iy I

{ 5 min. TCP — Air dried
| 0.9mil MIL-P-53022
| 168hrs B117

5 min. NCP — Air dried
0.9mil MIL-P-53022

Control — Sand blast Control - Acetone
168hrs B117 0.9mil MIL-P-53022 0.9mil MIL-P-53022
| 168hrs B117 168hrs B117

minutes, respectively)

Results: Pretreatment Analysis

1. Chemical Analyses of Coatings — Atomic Absorption (AA);
Inductively Coupled Plasma (ICP);
Energy Dispersive X-ray (EDX) Analyses.

2. Oxidations States of Chromium — Electron Paramagnetic Resonance (EPR);
Ultraviolet Visible (UV-Vis.) Spectroscopy;
X-ray Photoelectron Spectroscopy (XPS);
Raman Spectroscopy;
Fourier Transform Infrared (FTIR) Spectroscopy, Near Mid, Far;
X-ray Absorption Near edge Spectroscopy (XANES);
Extended X-ray Absorption Fine Structure (EXAFS);
Luminescence.

3. Depth and Lateral Homogeneity — Scanning Auger Microscopy (SAM);
Optical Microscopy;
Raman Imaging;
IR Microscopy;
Atomic Force Microscopy (AFM);
Scanning Electron Microscopy (SEM).

v 4. \dentification of Organic Components in Coatings, - FTIR, Raman.
20% TCP-IC (2, 5) 20% TCP-IC (2, 10)

AA2024-T3 1008hrs B117

RESULTS: TCP/NCP Composition on Aluminum RESULTS: TCP/NCP Composition on Aluminum

ZZ FTIR 6% 1N
- R ]
i ::’ 3400 16§Q $5M213&16 o,
2024 TCP-IC MR
. - I‘:—ﬁl;'l -
:: 2624 NepC Fig. 2 Raman specira of powders of Cr), and Cri0,.
-] Raman Bands at 550 cm in TCP

RAMAN DATA
1. CrO, has two distinctive bands at around 1000 and 500 cm*.

+ TCP Samples - Evidence of Cr**, No Evidence of Cré* 2. Cr,0, has two distinctive bands around 600 and 300 cm.

- . . . Indicative of Cr3*
— Bands Near 1116 cm-1 Indicative of surface bound Cr,O, [i.e. Cr(I11)] in TCP. BACHORT)3hasgonelbandlar olincl 560 omig 4]
(Garcia Rodenas, Luis Aot , Surface Complexaton Description of the Disolution of Chromsian (I:\!I)[Hyﬂmus Ox\(des gy]OxaIvc Acid. A.J.Zhao et al., J. Electrochem.Soc., 1998,145, 2258.
Inorganic Chemistry (1987), 36(27), 6423-6430) « No Cr(lll) in NCP Wavenumber (cm): ~3071,
— Total [Cr] - from 0.024 to 0.180 ppm, via AA. o Cr(ll) n ~1620, ~ 1267, ~1234, ~1133,
« Peaks not present in NCP * No Cr(VI)in NCPor TCP ~1100, ~1000, ~932, ~860, ~814,
. T = e e ~610 el
« Organic chelating compound identified in NCP-1 and TCP-1C






Areas of Interest

What is the corrosion protection mechanism for TCP coatings
on metal surfaces?

— How does this mechanism change according to substrate?

— Barrier coating, active inhibition, localized inhibition?

— No detectable Cré* presence
Why does the TCP outperform chromate in some
applications?
What additional chemistry modification can be made for
equivalence to chromate in ALL applications?

— Same process — Al first, then flow down to other metal finishing
Compatibility/Synergy effects with new Non-Cr6* inhibitors
needs to be explored
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US Army Research Laboratory

Cr+6
COTS Alternatives for Vehicles

Dr. John H. Beatty
Army Research Laboratory

@fi Current Uses of Cr+6 @
- -l

» Approximately 300,000+ vehicles in DoD
fleet, mostly over 20 years old
— Majority low carbon steel, plain or galvanized.
Other important substrates rolled homogenous
armor (RHA), aluminum composites, ceramic
armor, and some titanium
» Future vehicles high strength steels, high
strength aluminum alloys, lightweight
composite armor, greater use of titanium and
magnesium alloys

Stryker Infantry Armored Vehicle
Photo courtesy DoD DEFENSLINK

@g RDECOM Team @

Maryalice Miller - RDECOM
Jonathan Montgomery - ARL
Michael Audino — Benet Labs Scottie Smith - AMCOM

Philip Darcy - Benet Labs

Neil Gavrich — ARDEC
Brian Placzankis -ARL

Michelle Davis - TARDEC

Carl Handsy — TARDEC
Parminder Khabra - TARDEC

Joseph Ryan - CERDEC
Liliana DiAngelo - HAI
Thomas V. Sachar- HAI

@% Typical Ground Vehicles @

One variant of the Family of Medium Tactical
Vehicles (FMTV)
Photo courtesy Army Images

High Mobility Multipurpose Wheeled Heavy Expanded Mobility Tactical
Vehicle (HMMWV) Truck (HEMTT).
Photos courtesy Army Images Photos courtesy Army Images

%

S
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Bradley Fighting Vehicle
Photo courtesy DoD Defenselink






U§ Performance Requirements @]

* For Hard Chrome: wear resistance, “rebuildability”,
and complex non-line of sight parts

» For Chromates: corrosion protection, ease of use,
conductivity, color identification, improved
processing operational tolerances

» Other aspects: throughput, process robustness,
coating thickness, coating uniformity, wear,
metallurgical bond, fatigue life, torsion strength,
tensile strength, and surface condition prior to
painting and bonding

@:’; Alternatives Adopted @
4 ~y

¢ Chromates (Cr+6)
— Non-CCC (grit blasting followed by primer and topcoat) on
corrosion resistant armor alloys

— Non-CCC (Alodine 5200/5700) on aluminum roadwheels

— Dl water rinse in lieu of chromate seals on zinc phosphate
during CARC application process

— Eliminate Cr+6 Wash Primer on some high-hard steel
vehicles

— Navy and Army have achieved good success using Non-
CCC coatings on Al 5083 and 7079 armor alloys

— TCP ready for use

¢ 01 Hard Chrome
— Electroless Ni, Ni-tungsten boron

— HVOF coatings of tungsten carbide/cobalt coating on M1
Tank GTE components (e.g. compressor bearing housing)

— Other wear resistant materials in several engine

applications

@0 Fort Benning Test Bradley
AN

I@g Clean Alternatives Barriers @

* Costly technical manual changes to legacy systems
* OEM equipment used for both commercial and DoD
customers (much smaller fraction of buys). Must

consider impact on both types of customers.

* New systems purchased to performance
specifications. Army specifies outcomes, not
processes.

< Alternatives performance must be equal or better.

« Depot concerns on capital costs and process
versatility for plating multiplicity of parts.

¢ Specs?

@O TCP Test Bradleys @"&

* 2AGR0258Y and 3AGRO086Y still @APG can be checked again if needed
« Ft. Benning TCP TRADOC School Bradley 2AGR0031 inspected @3 years.

Fort Benning

2AGRO0031 in 2004






» Hard Chrome
— Electroless Ni, Ni-tungsten boron
— HVOF coatings of tungsten carbide/cobalt

coating on M1 Tank GTE components (e.g.

compressor bearing housing)

— Other wear resistant materials in several
engine applications

E'; Alternatives Adopted gﬂ\l

M

= Difficult Uses to Change @
-

e Cr+6 chromate rinses on Cd and Zn plated fasteners

on large number and variety of legacy systems.
Piecemeal approach not productive and process
changes need coverage identification method (color
indicators provided with current Cr+6 rinses).

¢ Many items now on the market, but they are not all

the same.....

— CIDs (Commercial Item Descriptions)
— MIL-PRF

— MIL-DTL

— MIL-STD

* Use DoD Corrosion Specs & Standards WIPT to get

tri-service strategy

e Still need replacement for Cr+6 wash primer for steel

and aluminum
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Ogden Air Logistics Center

Chromate use at Hill
AFB

Nathan Hughes
16 May 2007

ULE: AlR FORCE

Chromate use at Hill AFB @

OGDEN AIR LOGISTICS CENTER

Overview of Hill AFB chrome use.
Anodize strip.

Anodize seal.

Conversion coat for aluminum.
Conversion coat for cadmium.

BE AMERICA’S BEST

Chromate use at Hill AFB @

OGDEN AIR LOGISTICS CENTER

m Hill AFB chrome use in landing gear overhaul.
m 14 Chrome Plating Tanks

Small anodize strip process

Chromated Primers

Dow 7 process

Aluminum conversion coat

Cadmium conversion coating

Anodize seal process

HVOF strip

BE AMERICA’S BEST

Chromate use at Hill AFB @

OGDEN AIR LOGISTICS CENTER

m Anodize Strip
= MIL-STD-871
¢ Chromic/Phosphoric acid, 180+ F.
= Used to have 100% requirement in order
to facilitate NDI processes.
* Two 6,000 gallon tanks.
m Reduced CrO3 use by 6750 Ibs. per year.

BE AMERICA’S BEST

Chromate use at Hill AFB @

OGDEN AIR LOGISTICS CENTER

m Type Il anodize seal
m MIL-A-8625F, Type Il Class 1
= Sodium Dichromate, 7 oz/gal in water.
= Two tanks AN-9, AN-26

* AN-9-1270 gal. 200 Ibs last year.
* AN-26 -1750 gal. 820 Ibs* last year.

Mainly wheel and brake components
= Some struts, misc.

BE AMERICA’S BEST

Chromate use at Hill AFB @

OGDEN AIR LOGISTICS CENTER

m Aluminum Conversion Coating
m MIL-DTL-5541F
* Type | Class 1 (Iridite 14-2)
m Tank AN-22, 1210 gal. 1.5 oz/gal.
m 422 |b used last year.
m VD Al coated steel components
= Aluminum components

BE AMERICA’S BEST

BE AMERICA’S BEST






Chromate use at Hill AFB @

OGDEN AIR LOGISTICS CENTER

m Cadmium Conversion Coating
= MIL-STD-870C
* Class 1 Type Il
= [ridite 80,
= Tank CR-34, 4060 gal. 1.5 oz/gal.
m 80 gal.* used so far.
= Steel Components
= Bushings

Ogden Air Logistics Center

Questions?

ULE: AlR FORCE

BE AMERICA’S BEST

BE AMERICA’S BEST
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Warner Robins Air Logistics Center

Successful
Demonstration/Validation of the
C-130 Application of PreKote
WRALC/402 MXW
16 May 2007

A )
\ / Todd Lavender

402 MXW/QPE Environmental Engineer
DSN 497-4589
w IR FORCI todd.lavender@robins.af.mil

Quality Production On Time

@ Over View %«f;

Warner Robins Air Logistics Center

* Problem: Alodine with hexavalent chromium is an
occupational and environmental hazard

» PreKote Solution

« PreKote C-130 Demonstration/Validation
« Projected C-130 Savings at Robins AFB
« Challenges

e Summary

@ The Problem %«-f

Warner Robins Air Logistics Center

@  whatisthesolution? ¥

Alodine is hazardous to personnel and the
environment
— Chromic Acid
 Very hazardous to handle and dispose
« Fails when applied over contaminants
* Involved process to apply
 Very brittle

Warner Robins Air Logistics Center

— PreKote™
* Proven
« Reduced occupational health exposures
« Superior adhesion
« Easy to apply
« Extremely flexible

« Treats multiple substrates, including
composites

@ What is PreKote™? %«f;

Warner Robins Air Logistics Center

@ Demonstration/Validation N
S’ ur

(Dem/Val)

» Agueous based non-chromate pretreatment for
metals and composite material

» Developed in 1994

* Eliminates the need for:
— Alkaline wash
— Acid brightening for chromate preparation
— Solvent wipe
— Chromic Acid
« What PreKote is and is not
— Itis not a conversion coating

« Did not pass 168 hour salt spray test
— Can replace wash/etch/alodine processes

Warner Robins Air Logistics Center

* February 2007, 402d MXW/QPE P2 Office begins dem/val project to
substitute PreKote for current Wash/Etch/Alodine process as a
surface treatment alternative.

* 402 MXW/QPE completed dem/val project on 3 aircraft. Favorable
results from dem/val led to C-130 SPO approval and the
implementation of the PreKote Application process. Additionally,
402 MXW/AMXG personnel assisted with establishing a National
Stock Number for 275 gallon totes to be utilized vs. 55 gallons drums
thus adding to the savings of labor required to clean and process the
drums for DRMO.

« Bio-Environmental Engineering Survey

— PreKote process preferred to the Wash/Etch/Alodine surface
treatmem process since there is an exponential reduction in worker
Ensure to toxic materials and a reduction in occupational health
ris|

« Process also dramatically reduces waste streams and lowers the
overall process costs.

— The process implemented by the 402 MXW Pollution Prevention
Office is projected to save in excess of $219K per year by eliminating
the hazardous material and treatment of chromate in the rinse water.

« Fewer steps associated with the PreKote process significantly
reduced production time and associated cost.






C-130 Projected Savings Q‘«.-.‘f

Warner Robins Air Logistics Center

Elimination of 3,420 gallons of hazardous material for a
savings of $158,859

Reduction of hazardous waste generation by 7,332 Ibs for a
savings of $2,876.11

Reduction of respirator cartridge usage by $57,600
Elimination of 4,488 Ibs of hexavalent chromium usage and
exposure.

A total of $219,335 in environmental and occupational
health related savings, for less than a 6 month total project
pay back. This savings does not include IWTP sludge
reduction savings by reducing the amount of chrome going
to the IWTP, savings coming from eliminating permitted air
sites (associated record keeping costs) for chrome
conversion, and manpower/material savings.

@ Preparation Time Line 4

(Depot Level C-130)

Warner Robins Air Logistics Center

CCC Process

PreKote™ Process

1. Spray PreKote™ and scrub

te™ and scrub

37.8 hours

58.2 hours

Field Impact Q"‘«.-.‘f

Warner Robins Air Logistics Center

@ Challenges Q"‘«.-.‘f

Fewer repairs

— Less time and material required
Non-hazardous Repair Kit

— Eliminates numerous hazardous products
— Less handling and training costs

— Less disposal costs

— Less shipping costs

Warner Robins Air Logistics Center

* Weapon System Approval
— Reinventing the wheel

« Material/Process Approval
— Bio-Environmental
— Worker Acceptance
— Customer Acceptance

v/

Summary

Warner Robins Air Logistics Center

@ Questions A4

Beneficial to operational bases

Reduction in Paint System failures

With the PreKote process we eliminated one

MAJOR source of chromate waste.

— Chromate waste from Alodine is more than double the
waste generated from chromated primers.

By eliminating CCC, the USAF has accomplished

substantial savings of time and money. They

have also achieved superior results and a much

safer environment.

Warner Robins Air Logistics Center

Todd Lavender
402 MXW/QPE Environmental Engineer
DSN: 497-4589 COMM: 478-327-4589
Email: todd.lavender@robins.af.mil
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DoD Metal Finishing Workshop —
Chromate Alternatives for Metal
Treatment and Sealing

May 15-17, 2007
Layton, UT

Introduction

 For over ten (10) years, the substitution of
chromate processes on zinc and zinc alloys has
been the main focus of chemical suppliers’ R&D
departments.

« Passivates based upon trivalent chromium seem to
be the accepted replacement.

« These passivates have developed through several
generations to provide comparable alternatives to
predecessor chromate films.

« Future generations will be completely free of
chromium compounds.

Introduction

* While OEM specifications evolve to exclude
hexavalent chromium, they also evolve to include
increased requirements in terms of deposit quality.

« Initial field results indicated certain restrictions —
mainly consistency of corrosion protection
afforded by trivalent passivates.

« Self-healing properties of coatings produced from
typical “thick film” trivalent passivates are inferior
to those of hexavalent chromates.

Alternatives to Hexavalent Chromates:
An Evolution of Trivalent Passivate
Technologies

Presented By:
Mike Kelly
Key Industry Manager
TASKEM, Inc.
mkelly@taskem.com
(0O) 216.351.1500
(C) 216.469.6918

Introduction

» ELV (End-of-Life Vehicle), RoHS (The
Restriction of Hazardous Substances in
Electrical and Electronic Equipment) and
WEEE (Waste Electrical and Electronic)
Directives mandate the elimination of
hexavalent chromium by July 1, 2006
(RoHS, WEEE) and July 1, 2007 (ELV).

| The ReplacementofCrV]

 The use of hexavalent chromates presented a
number of advantages, namely excellent corrosion
resistance, self-healing properties, relatively low
cost and a wide range of identifiable colors (clear,
yellow, black, olive drab).

« Despite all of these advantages, there is one major
drawback to the use of CrVI - it’s toxicity.






| The Replacementof CrVI

¢ The mechanism of film formation is
markedly different in CrV1 and CrllI.

« CrVI oxidizing action is provided by ions
such as chromate and dichromate.

« Crlll oxidizing action is provided by
nitrates.

* The resultant trivalent film is much thinner.

[ -

]st L 2nd GEDE[EI-IQD Eassizzates

« 2M Generation adds “more of same”
(chromium, temperature, fluoride) to 1st
to increase NSST performance.

« Thickness: ~ 100 nm

« Temperature: Ambient

« Appearance: Clear/Blue

« Corrosion protection:

24-48 HRS to WR in 5% NSST

+ Need topcoat (silicate, polymer, wax,
etc.) to meet automotive requirements

« Thermal shock resistance exceeds that
provided by chromate films.

Crlll Passivates

» To improve performance, these thin CrllI
films needed to be enhanced. The first step
to achieving this goal was to increase active
ingredients, temperature, time, etc.

3rd Generation — “Thick Film’ Passivates

« Thickness: 200-250 nm N
«  Temperature: 60°C P~

- Base: Organic Acid -

e, 7 =
o Crlll: 10 g/L = .:;r-—"" ==
« Corrosion Protection: 250 HRS - i
to WR in 5% NSST

« Appearance: Iridescent
Green/Yellow

« Inconsistent NSST Results

« Potential for Waste Treatment
Difficulties

3rd Generation Passivates

15

b

0 ' ' I ' l ' l l
020 30 40 50 60 7O k0 W

Coating Weight (mg Cr/dm?)

Bath Temperature ° C

4th Generation Passivate

[ -

« Thickness: 400 — 500 nm

« Temperature: Ambient

« Base: Nano-Particle

« Appearance: Clear/Iridescent

« Corrosion Protection: 250 HRS
+1t0 WR in 5% NSST

* Self-Healing

« Totally Inorganic — No WT or
Stability Issues

« Excellent Heat Resistance

« Consistent results






Composition — 4™ Generation (TASDIP TR-175) Graphic Explanation of Self-Healing Mechanism
100.00 4th Generation Passivate

80,00 —C

60,00 / =@ Appearance Immediately After Passivate Film is Compromised:
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Graphic Explanation of Self-Healing Mechanism
4th Generation Passivate
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NSST Performance Vs. Temperature — NSST Performance Vs. Time:
4th Generation Passivate (TASDIP TR-175) 4th Generation Passivate (TASDIP TR-175)
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NSST Performance Vs. pH:
4th Generation Passivate (TASDIP TR-175)

500

400

300

200

NSST (hrs)

100

0

TR-175 Compared to Other Conversion Coatings
Aspect Blac| Yellow/Clear
Type Hexavalent Chromium | Trivalent Passivate |t Chromium|_Trivalent Passivate
Passivate MB-340 TR-185 LOWMATE 62 TR-175
Post Treatment RB-775 FT-190 N/A N/A
Avg. + 3 Sigma 0.510 0.506 0.556 0.567
Ave. 0.460 0.463 0.525 0.527
Avg. -3 Sigma 0.410 0.420 0.483 0.487
c % 0.6
(=]
- e 5 4+————+t —1
2 v 0.55 0.525 0.527 N
@2 05 +—f——t1t— 1t —+ + +3 Sigma
= o S 0.45 - 0.46 0463
22 —[ i Average
SE S 0.4 * -3 Sigma
<2 @ 0.35
2o 0.3 ! ! !
) ) ) )
X X X X
g ¢ & ¢
RS & \é;» ©
\/0 bt

Black Passivates

Structure of CrVI1 Vs. Crlll Black

Cobalt Particles

Silver Particles FT-190 mump
TR-184,185,186 mmp

Zinc Plate Substrate - Part
Substrate - Part Finishing Aid Provides Increased
SST & C of F Modification
VI

NSST Performance Vs. Zinc Electrolyte
and Concentration - 4™ Generation Passivate (TASDIP TR-175)

500

400
—~
< 300
< M Zincate

= )

(l,—) 200 Chlorllde
2] |2 Cyanide |
P4

100

ol
50/30 100/60 150/90 200/120
TR-175AB (ml/L)

4th Generation Technology —
Zinc Alloys

« Excellent corrosion protection with Zn/Fe
and high alloy Zn/Ni (300 + WR).

« Eliminates the need for topcoats/sealers
common to alloy passivates.

TASDIP TR-185 Passivate

*Thickness: 700 nm

*Temp.: 40°C

*Film: 0.6 mg Cr/dm?
«Corrosion protection: 72-96
HRS to WR in 5% NSST
«Appearance: Uniform Black
*Excellent Heat Resistance
«Consistent Results
*Exceptional Bath Stability
*Post Treatment - Yes






TASDIP TR-185/TASDIP FT-190

*Thickness: > 1um

*Film: 1.2 mg Cr/dm?
*TASDIP FT-190 Base: Cr+3
*Temp.: 45°C ;
Corrosion Protection: 192 HRS +
to WR in 5% NSST
«Appearance: Uniform Black

*Excellent Heat Resistance
*Exceptional Bath Stability
«Consistent Results

TASDIP TR-186AB/TASDIP FT-190B

eThickness: >1.5 pm

Film: 1.6 mg Cr/dm?

*FT-190B Base: Cr+?

eTemp.: 45°C

«Corrosion Protection: 240 HRS +
toWR in 5% NSST

«Appearance: Uniform Green/Black
*Excellent Heat Resistance

*Exceptional Bath Life
*Exceptional Bath Stability

Future Generations...

* Goal is to continually improve performance.

 Achieved via wider operating windows,
reduced costs, etc.

 Crlll free alternatives.

TASDIP TR-185/TASCOAT Finigard 460

eThickness: 2.5 um

*Film: 0.6 mg Cr/dm?

*460 Base: Silicate/Polymer
*Temp.: Ambient

«Corrosion Protection: 168 HRS
+1t0 WR in 5% NSST
«Appearance: Uniform Black
*Excellent Heat Resistance
*Exceptional Stability
«Self-Healing

«Consistent Results

TR-186AB Compared to Other Conversion Coatings

Aspect Black Green
Type Hexavalent Chromium [ Trivalent Passivate |Hexavalent Chromium| Trivalent Passivate
Passivate MB-340 TR-185FG Strongreen 333 TR-186AB
Post Treatment RB-775 FT-190 NA FT-190B
Avg. + 3 Sigma. 0.499 0.474 0511 0512
Ave. 0.437 0.400 0.448 0.450
Avg. -3 Sigma 0.376 0.326 0.385 0.388
0.8
c . 0.7
(S) A%
@~ 06 + -3 Sigma
SET o5 n o
o8 ' 1 i 10428 0.45 Avgerage
= = 0.437 0.423 0.448 0.45 X
© S S 04+—F —r——l—l— + +3 Sigma
SE &
S 0.3
o R
(@]
= 0.2 ;
S A
\‘(27 ou'& & N
* &’q_—

Thank You for Your Time and
Attention!

Questions?
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Luster-On Products, Inc.
Springfield, MA
800-888-2541 www.luster-on.com.

*Supplier of Metal Finishing and Electroplating
Chemistries.

Servicing the industry for forty years.

*Sales and warehouses throughout the United
States, Mexico and Canada.

Luster-On Products, Inc.

Hex-free conversion materials for zinc

= Tri-Blue 700
= Tri-Blue 800
= Tri-Blue 800 Plus

Luster-On Products, Inc.

Hex-free conversion coating for
aluminum and magnesium

Luster-On Aluminescent

QPL listed for Mil-DTL-5541F, Type Il, Class 1A
and 3

Luster-On Products, Inc.

RoHS, WEEE, and ELV products
available for
Zinc
Zinc alloys
Cadmium
Aluminum
Magnesium
Silver

Copper

. Luster-On Products, Inc.

Hex-free Thick Film conversion coatings for zinc
and zinc alloys

= Tridescent — automotive approved
chemistry for zinc and zinc alloys

= Tri-Black AK

= Tri-Black AZ

= Tri-Blue 2000

= TZT — tin-zinc alloy conversion coating

. Luster-On Products, Inc.

Hex-free conversion coating for
copper and silver

¢ Luster-On Passivator SC

Luster-On Products, Inc.






For additional information, visit
us at:
www.luster-on.com

or 800-888-2541

L)
E Luster-On Products, Inc.
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METALAST INTERNATIONAL
COMPANY AND PRODUCT BRIEFING

DOD Metal Finishing Workshop May, 2007

METALAST INTERNATIONAL, LLC
“Metal Finishing’s Solutions Provider”
www.metalast.com

CORPORATE SUMMARY

METALAST International, LLC (“METALAST” or the "Company) is a business-to-business solutions provider to
the metal finishing industry. It offers a wide variety of chemical, equipment, software, process and engineering
services to both metal finishers and manufacturers. METALAST®, located in Minden Nevada (40 miles South of
Reno), has the only Technical Center in the world dedicated to product development for and support to the
finishing industry. METALAST offers many new cutting edge technologies outlined below to improve quality and
consistency in any finishing application. The Company has provided R&D services and metal finishing related
technical support to many of the Fortune 500. A few of METALAST’s clients include the United States Navy,
United States Marine Corp, Goodrich Aerospace, Raytheon, Visteon Automotive, Ford Motors, DaimlerChrsyler,
Johnson & Johnson, Motorola, Pitney Bowes, Applied Materials, Parker Hannifin and Medtronics. The Company
was the first chemical company selected by the United States Department of Defense, United States Navy to
commercialize and bring to market a replacement for the carcinogen Hexavalent Chromate called TCP-HF™ (“Hex
Free”). METALAST offers the following unique products and services.

1

~

Chemical Solutions: METALAST’s most recent product offering TCP-HF is a Trivalent based coating aimed at
replacing Hexavalent Chromates. Hexavalent Chromates have been banned in the automotive world as a
carcinogen with all other industries quickly following suit. TCP-HF was developed and patented by the US Navy
after failing to qualify existing coating replacements due to high cost and inferior performance. METALAST has
been awarded the rights to market and support TCP under a licensing agreement. TCP-HF out performs all other
trivalent products tested by two to three times the corrosion protection, coating durability, paint and adhesive
bonding, at a cost comparable to hexavalent chromates. The product was developed for use on aluminum but has
been tested and proven effective on a variety of metals including zinc and zinc alloy plating. TCP-HF is also user
friendly applied at room temperature with no odor and a PH close to neutral. The Navy tested the product on entire
airframes for the F/A 18 as well as S3 tail sections. The planes were flown for an extended period with excellent
long-term results. The product has also been tested and approved for the Exterior framework of the United States
Army Amphibious assault vehicle being manufactured by General Dynamics at GDDS Virginia. Motorola is also
in the final test procedures and plans on approving TCP-HF for a new data transfer box application. Of twenty
products tested TCP outperformed all by nearly twice the neutral salt spray corrosion testing. METALAST also
supplies a full line of aluminum and anodizing chemistries, including a wide range of organic dyes, as well as
TCP-HF. METALAST is also proud to launch it’s new line of “ Green “ fire retardant BDP products.






2)

Hardware Solutions: METALAST has designed and markets the METALAST JobPro computer for control
repeatability and verification of any electrolytic applied process. The Job Pro is an affordable, off the shelf
computerized controller that interfaces with a power supply to help facilitate greater consistency, process
repeatability and verification, and product quality. The JobPro can easily be programmed to run multiple strategies
from a menu so as to insure consistency from run to run. The Naval Air Depot in Jacksonville Florida, the Marine
Logistics Center in Albany Georgia, Applied Materials and many others have installed JobPro’s and are seeing the
benefits of primary bath process control. The Department of Navy wrote and published an unsolicited article for
Currents magazine Winter 2004 issue praising the benefits of the METALAST JobPro since installation in 2003.
METALAST also just introduced a total line control hardware and software package called the AnoTrack™
system. AnoTrack is a fully programmable solution for process tracking, alarming, and reporting of products
through a manual finishing process. The system uses wireless data transfer of all line inputs through an operator
held PDA for each load. Actual run data for each load is tracked and reported to a base station computer and
database. METALAST can also provide turnkey process lines for all wet processing applications.

3
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Software Solutions: METALAST offers ChemPro™ software for complete chemical and laboratory inventory and
management. The software is designed for ease of compliance with 1SO, QS and NADCAP requirements.
ChemPro is designed to control and automate all chemistries and wet processes. ChemPro ensures consistent,
repeatable application of best practices and digitizes all activities, computations and data logging to insure
procedures are recorded and consistently executed. METALAST also offers PROCESS PRO facility efficiency
and costing software. Through the development of baseline information process costing can be established and
controlled. The product can then be used to evaluate possible changes and the impact to bottom line and cost.
PROCESS PRO is an ideal tool for cost analysis pricing and predetermining R.O.l. The Department of Navy,
ALCOA, the Air Force, among others, have been using the METALAST software products for process
improvement

4
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Licensed Solutions: METALAST offers a unique licensed process for anodizing exclusively to captive anodizers
worldwide. The process uses a combination of an additive for the anodize bath and process control to produce an
advanced anodize surface. Because the process runs at higher current density than conventional anodizing the
process can be done in much shorter times. The process has been proven to produce a harder, more dense and
consistent coating. Due to the control and ability to hold tolerances as well as the property improvements the
METALAST Anodize process can be used on applications where conventional anodizing fails. METALAST most
recently licensed the technology to VISTEON automotive for use on the revolutionary slip in tube (“SIT”)
driveshaft for the 2005 Jeep Grand Cherokee. The METALAST process was required to pass tests necessary to
convert this part from steel to aluminum for the first time ever. METALAST is jointly listed with VISTEON
Automotive in the U. S. patent for this particular application.

5

~

Turnkey Solutions: METALAST has formally partnered with CH2M Hill Company, one of the largest and most
respected engineering firms in the world providing turnkey engineering, architectural and manufacturing support
worldwide. Through this partnership METALAST can offer complete ground up permitting, design, facility build,
equipment and process services. Because full responsibility is taken by one company project delivery is shortened,
quality is assured, and project costs are reduced.






METALAST TCP-HF

METALAST TCP-HF Anodize Seal is a trivalent chromium alternative to existing Chromate technologies, The
original TCP formulation was developed and patented by the US Navy and rights too improve and commercialize
were given to METALAST. METALAST’s TCP-HF is a modified version of the original formulation with
advanced stability and performance characteristics.

METALAST TCP-HF has passed and been listed on the current QPL 81706B as a replacement for hex products in
both spray and immersion applications. With proper preparation the coating can meet salt spray requirements of
336 hours plus an all alloys.

METALAST TCP-HF provides equivalent or enhanced performance when compared with ANY OTHER Non hex
products! 300 hours plus salt spray results, excellent surface bonding capabilities, superb weld ability, and
excellent low resistance electrical properties make the product an excellent choice in most applications.
METALAST TCP_HF is green, environmentally friendly material with no hazardous environmental impact to your
waste stream. No fume scrubber or ventilation is required saving additional heat and energy costs.

METALAST continues to work on product improvement and is in final testing of an enhancement additive to add
additional performance and flexibility of the product when running difficult alloys ( 2000 series ), or to meet
extreme requirements. The new TCP-HF (EPA ) , extended protection additive will allow customers to meet the
336 hour QPL salt spray testing without changes to their existing clean, etch or prep cycle. Product launch is
scheduled for fourth quarter 2007.

METALAST TCP-HF
Environmentally Friendly, Low Cost Anodize Seal

METALAST TCP-HF Anodize Seal is a trivalent chromium alternative to chromic acid, nickel acetate, nickel
fluoride, and hot water seals. METALAST TCP-HF is used at room temperature, at low concentrations and with
short immersion times. The TCP-HF material costs are about half the energy costs of heating conventional seals
thus it is significantly less expensive than all alternatives even hot water!

You’ll save money on energy, but the savings don’t stop there—METALAST TCP-HF works with immersion
times of 2-5 minutes compared to 20-30 minute times for conventional seals. Thus less seal tanks are required with
additional loads per hour through the process! TCP-HF has the ability to meet the requirements of all current seal
processes meaning that different seal tanks do not have to be used to meet various needs.

METALAST TCP-HF provides equivalent or enhanced performance when compared with ANY OTHER SEAL!
3000 hours plus salt spray results, excellent surface bonding capabilities, superb weld ability, all with no visual
deterioration to the anodize surface.

METALAST TCP_HF is green, environmentally friendly material with no hazardous environmental impact to your
waste stream. No fume scrubber or ventilation is required saving additional heat and energy costs.

Testing confirmed in the following anodize processes:
e Type I, Sulfuric Acid Anodize

Type 1B, Thin Film Sulfuric Acid Anodize

Phosphoric Acid Anodize

Type 1l with and without AA-200

Type Il, Dyed

Type I, Bright Dipped

Type Il, Electrolytic Color






e Typelll
e Type Ill, Dyed

METALAST TCP-HF Exceeds the Following Corrosion Specifications:
e 336 hrs for Types |, IB, IC, Il, 1IB (Mil Spec 8625F)
e 1000 hours for class I (0.4mil thickness), (AAMA 611-98)
e 3000 hours for class Il (0.7mil thickness)

METALAST’s New “ Green “ Chemical offerings

PRODUCT DISCRIPTION: METALAST owns the worldwide rights, specifically in the metals, plastics and
textile industries, to manufacture, distribute and sell a patented and proprietary design
flame retardant and barrier technology (“METALAST BDP™”) for fire safety that will
have significant market advantages over its competition, primarily due to its unigue and
superior fume suppressing capabilities. Barrier Dynamics Products are available in 10
different chemical based forms providing a wide range of capability and versatility in
the areas of metals, plastics, textile, synthetic fabrics, paper and building materials,
including structural steel, wood, insulation and sheet rock.

“GREEN” TECHNOLOGY:
METALAST BDP™ are all new technologies and are basically inorganic chemistry,
containing no VOC’s (volatile organic compounds) or hazardous materials. They are

“Green” technologies, providing low cost protection at temperatures exceeding 1,800°
F.
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PreKote

Non-Chromium Surface Pretreatment

(S PANTHEORCHEMICAL®

PreKote’
= PROVEN PERFORMANCE

@MA&Q‘ECHEMICAL“
VERSATILE TECHNOLOGY

PreKote Can Be Used On:

HINVNHOIHH ]

e Aluminum

« Composite
» Steel

* Magnesium
Titanium

What is PreKote® Surface Pretreatment?

A non-chrome surface pretreatment that:

* Replaces traditional chrome & non-chrome conversion
coating processes

* Increases primer adhesion

« Improves corrosion protection
* Non-toxic

* Non-hazardous

* Readily biodegradable

(S PANTHEONCHEMICAL®

INNOVATIVE TECHNOLOGY

Chromate Conversion Coating
pimer_

E——

Contamination

PreKote’

Surface Pretreatment  primer.
-

HINVINHOIHH J

e

thins  Surface }
Pre Kote

conidmination)

Permanently embedded contaminants

inthe pores of the metal repel standard
chromate conversion coatings resulting
infrequent adhesion failures.

Prekote technology promotes paint
adhesion directly to permanently
embedded contaminants.

(S PANTHEONCHEMICAL "

PROVEN TECHNOLOGY

v

U.S. AIR FORCE

HINVNHOIHH ]
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() PANTHEORCHEMICAL® B ‘g
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PROVEN TECHNOLOGY

A leading commercial airline treated one 737-800 with
PreKote & another with a chromate conversion coating

Conversion Coating

After 24 Months
PreKote was
Declared to Have
Superior
Performance

PREKOTE CUTS COSTS

PreKote Reduces:

* Process Steps (including masking)
¢ Chemicals Used

e Man-Hours

* Hazardous Materials Costs

* Water Usage

Waste Water Treatment

IS0")

Process Step

Comparison

For Typical
Aircraft Repaint

i e

PROVEN TECHNOLOGY

~
=
=
§ Continental AIR CANADA @
E Airlines 5
& v HAEcoI i
4 DASSAULT UL AR FORCE _“‘
et o
AIRLINES

U-S AIRWAYS

(S, PANTHEONCHEMICAL®

-
%
3

TIME SAVINGS
PreKote Replaces:
Alkaline Cleaners
Acid Etches
e Conversion Coatings

Solvent Wipes

SAFETY SAVINGS

IS0")

-+ No Hazardous Shipping Fees

¢ No Hazardous Storing Fees
-EPA Determined PreKote Does Not Trigger CIU Status
(Costly Federal Wastewater Permit)

* Reduces or Eliminates
Waste Water Treatment






WORKER & ENVIRONMENTAL SAFETY

PreKote

Surface Pretreatment

w
=
=
=
=

¢ Chromium Free < Non-Flammable

* Non-Toxic

« Readily Biodegradable
« Odor-Free

« Non-Corrosive

(S PANTHEORCHEMICAL®

WORKER & ENVIRONMENTAL SAFETY

ALAAVG

HEXAVALENT CHROMIUM
New OSHA Ruling

* 52% Reduction in Hex
Chrome

 Costly Compliance

« PPE

* Record-Keeping

« Engineering Controls

Thank You

www.PantheonChemical.com
888.608.7888

PreKote

Surface Pretreatment

WORKER & ENVIRONMENTAL SAFETY

ALAAVG

HEXAVALENT CHROMIUM
Known Carcinogen

e Primary Health Impairments
« Lung Cancer
« Asthma
« Nasal Epithia & Skin Damage

« Study Cited by OSHA:

“Aircraft workers potentially exposed to hexavalent chromium for 5
or more years had 50 -70% greater lung cancer mortality”

('S PANTHEONCHEMICAL®

WORKER & ENVIRONMENTAL SAFETY

PreKote’s formulation is recognized by a partnership with the EPA’s
Design for the Environment

w
=
=
=
=

Hill AFB was awarded the EPA Environmental Achievement Award for
replacing chromate conversion coatings with PreKote

Sheppard AFB was nominated for the White House Closing the Circle Award
for its use of PreKote
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New Developments in Hex-
Chrome Free Coatings

DOD Metal Finishing
Workshop

Layton, UT 16-17 May 2007

Ray Lindemann
CST-SurTec
Cleveland, Ohio

A
&d)
e

A
&d) Presentation Outline

U A New High Performance Zinc Process:
ZinConium™: Carbon-Rich Zinc
Chromiting®: Cr(6) Free Passivation

A
%b ZinConium™ Process

» Uses conventional alkaline zincate
electrolyte and plating equipment.

» Rack and barrel applications.
» One component additive.

* Uniform composition over a wide range of
conditions.

Direct plate on cast iron

ZinConium™
Alkaline Non-Cyanide Zinc

Direct Plating on Cast Iron

«Thickness distribution :
1: 12.75 microns 2 : 16.31 microns
3: 15.11 microns 4: 15.02 microns
5: 15.92 microns 6 : 15.48 microns
7: 21.60 microns 8 : 20.59 microns
9: 21.12 microns 10 :16.85 microns
11: 20.03 microns 12 :15.42 microns
13: 10.56 microns 14 :16.36 microns

Average Thickness :

16.58 Microns

Target Thickness :
’ 15 Microns

i

Passivation

7e] o

Chromiting®

The ultimate in Cr(6)-free
passivation for zinc and zinc alloys...

US Patent No. 6,287,704
Sep, 2001






Chromiting®

e P

* Light green iridescent.

passivation.
* Resistant to thermal shock.

« Direct replacement for Cr(6) yellow

Passivation Film Thickness

Cross section
40,000 X
Chromate Chromiting Chromite
Yellow Thick Layer Thin Layer

P

Cr(6) Yellow
Passivation

8 Cr(3) Thick layer

Passivation

240 hrs NSS testing
After heat treatment at 200 C

il
% ) 1000 hrs NSS

Zn-C Rich Plate
+ Cr(3) passivation
Thick Layer

- No Sealer -

1000 hr NSS

e P

Zn-C Rich Plate
+ Cr(3) passivation
Thick Layer

+ Sealer

ZinConium™ + Chromiting®

After 192 hrs After 480 Hrs

No WR No RR






Door Latch Components

ZinConium™ + Chromiting®
+ ProTek™ 200

After 192 hrs After 480 hrs
- . 1-ZinConium™
2-Chromiting®

A
&d)
(=

No WR No RR
<1% WR
Door Latch Components Door Latch Components

1-ZinConium™

1-ZinConium™ iy 2-Chromiting®

2-Chromiting®

A
&d)
=

Door Latch Components

1-ZinConium™ Zinc + Chromiting®
2-Chromiting® NSS - Hrs to WR
3-ProTek™ 200

7E]

350

300 A

250

200 BGM 4345
150 O Chromiting

100 A

Hrsto WR

50

A
ﬁb OZinc.‘3‘6‘9‘12‘15

mu






Zinc + Chromiting®
NSS - Hrs to RR

600

500

7E]

Barrel Plating
Combined effect - Heat Resistance + Sealer

Fasteners
Zinc + Chromiting + ProTek 200 or SurTec 555-S

No HT HT, 150 C, 1 hr

x

b,

400
5 300 @ GM 4345
g O Chromiting
200 —
100
0 T T T T T 1
Zinc, 3 6 9 12 15
mu
» Non Threaded Applications
&) Chromiting + ProTek 200 or SurTec 555
Sur
Tec
100 q
600
o 500 4 Rack
400 - Rack
2
» 300
T 200+ Barrel « DC Fiat
100 | Barrel «—————— GM
Ford —
0 T T !
No HT HT 150 C, 1 hr

Non Threaded Applications

i

800

Chromiting +ProTek 200 or SurTec 555

700

600
& 500 1

2400

GM (15um)
Ford

2300
x

200

GM (8um)

100

No HT HT150C, 1hr

Ferronium + Chromiting + SurTec 555
2000
1500
Z1ow
GM, Audi | « GM, Audi
VW = — vw
(240) 500 | (480)
Bosh
Bosch 0 (216)
(144)
WR RR

Zinc-Nickel + Chromiting

1400

7E]

==

1000 1 WR

1200 —

800 WR

VW

600 +

Audi

Hrs to NS

400
200 1

(750 hrs to RR)

No Sealer Sealer
HT 120 C, 24 hrs
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Conclusion

ZinConium is a carbon-rich alkaline cyanide free zinc
process with unique properties.

It plates directly on cast iron and provides high corrosion
resistance.

Combined with Chromiting, Cr (6)—free passivation, it
exceeds ELV requirements.

Applications include automotive components such as brake
parts, fuel rails and fasteners.
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DoD Metal Finishing Workshop —
Chromate Alternatives for Metal
Treatment and Sealing

May 15-17, 2007
Layton, UT

Introduction

 For over ten (10) years, the substitution of
chromate processes on zinc and zinc alloys has
been the main focus of chemical suppliers’ R&D
departments.

« Passivates based upon trivalent chromium seem to
be the accepted replacement.

« These passivates have developed through several
generations to provide comparable alternatives to
predecessor chromate films.

« Future generations will be completely free of
chromium compounds.

Introduction

* While OEM specifications evolve to exclude
hexavalent chromium, they also evolve to include
increased requirements in terms of deposit quality.

« Initial field results indicated certain restrictions —
mainly consistency of corrosion protection
afforded by trivalent passivates.

« Self-healing properties of coatings produced from
typical “thick film” trivalent passivates are inferior
to those of hexavalent chromates.

Alternatives to Hexavalent Chromates:
An Evolution of Trivalent Passivate
Technologies

Presented By:
Mike Kelly
Key Industry Manager
TASKEM, Inc.
mkelly@taskem.com
(0O) 216.351.1500
(C) 216.469.6918

Introduction

» ELV (End-of-Life Vehicle), RoHS (The
Restriction of Hazardous Substances in
Electrical and Electronic Equipment) and
WEEE (Waste Electrical and Electronic)
Directives mandate the elimination of
hexavalent chromium by July 1, 2006
(RoHS, WEEE) and July 1, 2007 (ELV).

| The ReplacementofCrV]

 The use of hexavalent chromates presented a
number of advantages, namely excellent corrosion
resistance, self-healing properties, relatively low
cost and a wide range of identifiable colors (clear,
yellow, black, olive drab).

« Despite all of these advantages, there is one major
drawback to the use of CrVI - it’s toxicity.






| The Replacementof CrVI

¢ The mechanism of film formation is
markedly different in CrV1 and CrllI.

« CrVI oxidizing action is provided by ions
such as chromate and dichromate.

« Crlll oxidizing action is provided by
nitrates.

* The resultant trivalent film is much thinner.

[ -

]st L 2nd GEDE[EI-IQD Eassizzates

« 2M Generation adds “more of same”
(chromium, temperature, fluoride) to 1st
to increase NSST performance.

« Thickness: ~ 100 nm

« Temperature: Ambient

« Appearance: Clear/Blue

« Corrosion protection:

24-48 HRS to WR in 5% NSST

+ Need topcoat (silicate, polymer, wax,
etc.) to meet automotive requirements

« Thermal shock resistance exceeds that
provided by chromate films.

Crlll Passivates

» To improve performance, these thin CrllI
films needed to be enhanced. The first step
to achieving this goal was to increase active
ingredients, temperature, time, etc.

3rd Generation — “Thick Film’ Passivates

« Thickness: 200-250 nm N
«  Temperature: 60°C P~

- Base: Organic Acid -

e, 7 =
o Crlll: 10 g/L = .:;r-—"" ==
« Corrosion Protection: 250 HRS - i
to WR in 5% NSST

« Appearance: Iridescent
Green/Yellow

« Inconsistent NSST Results

« Potential for Waste Treatment
Difficulties

3rd Generation Passivates

15

b

0 ' ' I ' l ' l l
020 30 40 50 60 7O k0 W

Coating Weight (mg Cr/dm?)

Bath Temperature ° C

4th Generation Passivate

[ -

« Thickness: 400 — 500 nm

« Temperature: Ambient

« Base: Nano-Particle

« Appearance: Clear/Iridescent

« Corrosion Protection: 250 HRS
+1t0 WR in 5% NSST

* Self-Healing

« Totally Inorganic — No WT or
Stability Issues

« Excellent Heat Resistance

« Consistent results






Composition — 4™ Generation (TASDIP TR-175) Graphic Explanation of Self-Healing Mechanism
100.00 4th Generation Passivate

80,00 —C

60,00 / =@ Appearance Immediately After Passivate Film is Compromised:
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Graphic Explanation of Self-Healing Mechanism
4th Generation Passivate
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NSST Performance Vs. Temperature — NSST Performance Vs. Time:
4th Generation Passivate (TASDIP TR-175) 4th Generation Passivate (TASDIP TR-175)
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NSST Performance Vs. pH:
4th Generation Passivate (TASDIP TR-175)

500

400

300

200

NSST (hrs)

100

0

TR-175 Compared to Other Conversion Coatings
Aspect Blac| Yellow/Clear
Type Hexavalent Chromium | Trivalent Passivate |t Chromium|_Trivalent Passivate
Passivate MB-340 TR-185 LOWMATE 62 TR-175
Post Treatment RB-775 FT-190 N/A N/A
Avg. + 3 Sigma 0.510 0.506 0.556 0.567
Ave. 0.460 0.463 0.525 0.527
Avg. -3 Sigma 0.410 0.420 0.483 0.487
c % 0.6
(=]
- e 5 4+————+t —1
2 v 0.55 0.525 0.527 N
@2 05 +—f——t1t— 1t —+ + +3 Sigma
= o S 0.45 - 0.46 0463
22 —[ i Average
SE S 0.4 * -3 Sigma
<2 @ 0.35
2o 0.3 ! ! !
) ) ) )
X X X X
g ¢ & ¢
RS & \é;» ©
\/0 bt

Black Passivates

Structure of CrVI1 Vs. Crlll Black

Cobalt Particles

Silver Particles FT-190 mump
TR-184,185,186 mmp

Zinc Plate Substrate - Part
Substrate - Part Finishing Aid Provides Increased
SST & C of F Modification
VI

NSST Performance Vs. Zinc Electrolyte
and Concentration - 4™ Generation Passivate (TASDIP TR-175)

500

400
—~
< 300
< M Zincate

= )

(l,—) 200 Chlorllde
2] |2 Cyanide |
P4

100

ol
50/30 100/60 150/90 200/120
TR-175AB (ml/L)

4th Generation Technology —
Zinc Alloys

« Excellent corrosion protection with Zn/Fe
and high alloy Zn/Ni (300 + WR).

« Eliminates the need for topcoats/sealers
common to alloy passivates.

TASDIP TR-185 Passivate

*Thickness: 700 nm

*Temp.: 40°C

*Film: 0.6 mg Cr/dm?
«Corrosion protection: 72-96
HRS to WR in 5% NSST
«Appearance: Uniform Black
*Excellent Heat Resistance
«Consistent Results
*Exceptional Bath Stability
*Post Treatment - Yes






TASDIP TR-185/TASDIP FT-190

*Thickness: > 1um

*Film: 1.2 mg Cr/dm?
*TASDIP FT-190 Base: Cr+3
*Temp.: 45°C ;
Corrosion Protection: 192 HRS +
to WR in 5% NSST
«Appearance: Uniform Black

*Excellent Heat Resistance
*Exceptional Bath Stability
«Consistent Results

TASDIP TR-186AB/TASDIP FT-190B

eThickness: >1.5 pm

Film: 1.6 mg Cr/dm?

*FT-190B Base: Cr+?

eTemp.: 45°C

«Corrosion Protection: 240 HRS +
toWR in 5% NSST

«Appearance: Uniform Green/Black
*Excellent Heat Resistance

*Exceptional Bath Life
*Exceptional Bath Stability

Future Generations...

* Goal is to continually improve performance.

 Achieved via wider operating windows,
reduced costs, etc.

 Crlll free alternatives.

TASDIP TR-185/TASCOAT Finigard 460

eThickness: 2.5 um

*Film: 0.6 mg Cr/dm?

*460 Base: Silicate/Polymer
*Temp.: Ambient

«Corrosion Protection: 168 HRS
+1t0 WR in 5% NSST
«Appearance: Uniform Black
*Excellent Heat Resistance
*Exceptional Stability
«Self-Healing

«Consistent Results

TR-186AB Compared to Other Conversion Coatings

Aspect Black Green
Type Hexavalent Chromium [ Trivalent Passivate |Hexavalent Chromium| Trivalent Passivate
Passivate MB-340 TR-185FG Strongreen 333 TR-186AB
Post Treatment RB-775 FT-190 NA FT-190B
Avg. + 3 Sigma. 0.499 0.474 0511 0512
Ave. 0.437 0.400 0.448 0.450
Avg. -3 Sigma 0.376 0.326 0.385 0.388
0.8
c . 0.7
(S) A%
@~ 06 + -3 Sigma
SET o5 n o
o8 ' 1 i 10428 0.45 Avgerage
= = 0.437 0.423 0.448 0.45 X
© S S 04+—F —r——l—l— + +3 Sigma
SE &
S 0.3
o R
(@]
= 0.2 ;
S A
\‘(27 ou'& & N
* &’q_—

Thank You for Your Time and
Attention!

Questions?
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@_Eﬂflﬂa Boeing Technology
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Nonchromate

Conversion Coatings in
use at Boeing

Joseph H. Osborne
Boeing Phantom Works — Seattle

MIL-A-8625F (10 Sept 1993)

Boeing Technology

* Types of Anodize Coatings

Type | — Chromic Acid Anodizing (40V)

Type IB — Chromic Acid Anodizing (22V)

Type IC — Non-chromic acid anodizing, for use as a non-
chromate alternative for Type | and IB coatings (BSAA=15V)
Type IIB — Thin sulfuric acid anodizing, for use as anon-
chromate alternative for Type | and IB coatings

» Specifics

* (3.4.1) Type IC coating shall be the result of treating aluminum
... in abath containing mineral or mixed mineral/organic acids
(non-chromic acid) ...

* (3.4.1.1) Type IC coatings provide a non-chromate alternative
to Type | and IB coatings. Unless approved by the procuring
activity, substitution of a Type IC coating where Type | or IB is
specified shall be prohibited

 Similar wording for Type IIB coatings in 3.4.2 and 3.4.2.1

Boric Sulfuric Acid Anodizing

Boeing Technology

Overview

Boeing Technology

* Objective: Summary of two processes used at Boeing
that reduce or eliminate the use of chromates

« Boric Sulfuric Acid Anodizing (BSAA)
« replaces chromic acid anodizing
* Boegel conversion coatings
« Conversion coating based on sol-gel chemistry

Type IC and IIB Caveats

Boeing Technology

* Suggested substitutions (6.1.2)

« Type IC and IIB coatings provide non-chromate alternatives to
Type | and IB coatings where corrosion resistance, paint
adhesion, and fatigue resistance is required. Please note that
Type IC or IIB may not serve as suitable replacements when
the effects of electrolyte entrapment is the primary concern.
Maximum Type IC and Type IIB coating weights of 700 mg/ft2
and 1000 mg/ft2, respectively, are specified in Table | for
fatigue purposes. ...

 Effect on fatigue (6.10.7)

« The fatigue properties of aluminum alloys can be severely
reduced by anodic coatings. The amount of reduction varies
with the process. As ageneral rule, the thicker the coating
the greater the reduction in fatigue will be.

Test Data

Boeing Technology

 Direct replacement of chromic acid anodizing
MIL-A-8625 Type |, Type IB, Type IC
Used on parts that are fatigue sensitive
Parts are almost invariably fully painted
Coating weights depend on alloy
— 2XXX are typically 200 to 500 mg/sq.ft.
— 7XXX are typically 400 to 700 mg/sq.ft.
Coating weight has tendency to self-limit
Fatigue debit is less than for CAA at similar coating weight
Seal required in BAC5632 is dilute chromate (<75ppm Cr(VI))
— DI seal does work but not robust
“Class 5" unsealed is allowed for fully painted parts
— Superior adhesion

* Boeing (Commercial Airplanes)
« Extensive testing of BSAA for corrosion protection, paint
adhesion, fatigue
— Multiple sources
« Approved for use on all models as a direct replacement for
chromic acid anodizing
* Recent C-17 Results
« Extensive testing of corrosion, adhesion, fatigue
— Includes alloys, materials, requirements specific to C-17
— Results consistent with Boeing and NAVAIR data
* NAVAIR
» Test data to support MIL-A-8625 revisions, NAS-NI, others
« Air Force
* Sacramento ALC, others?






BSAA Usage

Boeing Technology

Implementation -- Drawing Finishing Call Out

Boeing Technology

* BSAA approved for use in place of CAA for all models
of Commercial Airplanes
* Class 5 unsealed allowed for fully painted parts
* Class 5is used for all wing components
— Chromate primers (fuel tank, interior and exterior epoxy primers)

* Boeing Fabrication uses BSAA exclusively
» Boeing Canada still has CAA

« 48 approved suppliers world wide (31 in USA)
* Navy, Air Force installations

* No known performance issues with 15+ years
experience in the commercial fleet

Substitution Drawing for Implementation

Boeing Technology
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« FAA requires that all information required to build a part be on or referenced from
the part drawing

Part Drawing
- finish code on parts list

Finish Code
- “Apply chemical conversion
coating to all surfaces in
accordance with MIL-A-8625
Z)I/pe I??r BAC5019, Class 1 or
s 3

Process specification
- Company specific processing
instructions to meet mil spec
requirements and variations
thereof

Substitution Drawing
- Documents options to drawing parts list
- Applies to multiple drawings

Boegel IIEP conversion coating

Boeing Technology

* Boegel is Boeing developmental name
« “Sol-Gel” describes a wide variety of processes
— Not all “sol-gel” coatings are the same!
— “Boegel” is a specific formulation based on sol-gel processing techniques
« Licensed to AC Tech, Henkel, Socomor
» Mixed Zr/Si oxide system
« Aqueous solution -- ~3-30% solids
« Silane component matched to primer, sealant, or adhesive
« Boegel-EPIl is epoxy functionalized — epoxy primers/adhesives
« Boegel-AM is amino functionalized — polyimide adhesives
« Boegel-HS is concentrated, high temp version
« Designed for spray/flood applications

CAA to BSAA Transition Issues

Boeing Technology

* Tanks and equipment
* BSAA can corrode tanks/pumps/etc
— Mild steel is not acceptable

* Assemblies
* BSAA electrolyte is corrosive
— Not appropriate for assemblies where solution may be trapped
— Masking of dissimilar metals needs careful consideration

< Facilitate “just in time” fabrication

« Easily scaleable to part size
— Little/no overhead in facilities/tanks/process soluti

« Little or no waste
« Neutralize and sewer
» Superior adhesion
¢ Aluminum, titanium, CRES, nickel, ...

Sol-Gel Chemistry Basics

Boeing Technology

al +  RAOH
R0 o RS Hydrolysis
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Designed Nanostructured Boegel Interface

Boegel Film Characteristics

Boeing Technology

Organic
Resin

Sol-Gel
Layer

Metal
Hardware

- Tailorable to different resin/paint chemistries

- Robust process conditions

- Greater range of properties using inorganic and
hybrid polymers than current state-of-the art systems

Colored Boegel EPII

Boeing Technology

Boeing Technology

Oriented film - Zr toward metal, organic on top

ESCA/Auger shows aspects of gradient coating

IR shows Si-O and organics

XAS indicated M-O-Zr bond

Thickness ranges from 20 nm — 1 um depending on formulation
chemistry

‘Organic-Rich
Region

1
Zirconium-Rich
Region

3 100 20 300 40 500 600 700 80
Sputter Time (seconds)

Key Results - Rain Erosion with rivets

* Boegel/AC-131BB gives adequate coloration for
process and end item evaluation
* No impact on performance properties

sc Aine

. st

Paint Adhesion to Titanium

Boeing Technology

Boeing Technology

s
Cr conversion coat/
Paint System 1

Cr conversion coat/
Paint System 3

Boegel/ Paint

Boegel/ Paint
System 3

System 1

Rain erosion testing shows improved adhesion to
rivets for two different paint systems when Boegel EPII
is used as pretreatment.

Specification Summary

Boeing Technology

» Phosphate-fluoride is typical conversion coating for titanium
» Process tanks not available for large part so different approach
was needed.
* Implemented as a change in process specification
« Production Process since 1997

poor poor good

HF/HNO; etch

Phosphate fluoride Boegel

@ D950-10313-1, Rev C. Sol-Gel Conversion Coatings for Titanium Alloy
QL 5 Sol-Gel Conversion Coatin
E E Application of Sol-Gel Coating for Titanium Painting
[ Application of Sol-Gel Conversion Coatings on Corrosion
ze Resistant Alloys for Painting
= Sol-Gel Conversion Coating
2
Lo Application of Sol-Gel Coating for Titanium Bonding |
££ [Sol-Gel Surface Treatment for Bonding Titanium Alloys
@ S |XBAC5667 Sol-Gel Surface Treatment for Bonding of Corrosion
zao Resistant Alloys
= XBMS5-162 [Sol-Gel Coating for Metal Bondin:

. |9-679N-KYB02-019 Sol-Gel Conversion Coatings for Aluminum Alloys
=3 -E BAC5663 Sol-Gel Conversion Coatings for Aluminum Alloys

o |D6-1816 Paint Hangar Document

9-679N-KYB02-011 [Sol-Gel Prebond Treatment for Aluminum Alloys I
[SRM Chapter 51 Structural Repair Manuals, BCA |






Implementation

Boeing Technology

Everett Decorative Paint Operations implemented Boegel
EPII/AC131-CB for 777s in March 2007

Elimination of ~ 400 gallons of chromated pretreatment
and wastewater material per 777

Summary

Boeing Technology

» Sol-gel technology can be used to improve
performance while saving on manufacturing and
environmental costs

« Inorganic polymer technology has just begun to be
exploited as a means of forming polymer and
composite systems

» These are enabling technologies in aerospace
manufacture that will allow us to achieve new
properties, enable new processes, and greater
durability materials

« All sol-gels are not alike

Boeing Technology

gj__‘rﬂslﬂf

Summarize applications

Boeing Technology

* Painting Titanium parts
» Several applications on B787
* Tail cone
« F-22 Booms and tubes
* Bonding
« Tirotor blade debris caps
« Structural Repair of Aluminum aircraft
« Several Ti-to-composite parts on B787
¢ Painting Aluminum
* Wide body paint hangers (B777)
« Part-by-part approval for components
— Drawing changes, working on substitution dwg callout

« Listis growing

Questions?
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Zinc-flake coatings

m Major coating suppliers
m Material specifics
m Methods of application

m Dip-spin specifics and best practices when
applying these coatings to small parts.

m |ssues experienced by OEMs when
converting from conventional/traditional
materials.

General comments about zinc-flake coatings

The materials are normally licensed by the materials
supplier to qualified applicators (many times the applicator
must receive approval from the OEM as well)

The materials are generally either water born or solvent
born

The materials can be applied over a variety of substrates-
such as steel, stainless steel, aluminum, zinc die castings

It is common to apply combinations of coating materials to
achieve the desired coating system attributes for the
specific application. (This is actually one the benefits of
zinc-flake coatings).

Choosing Replacement Coatings

« Several trivalent and no-chrome options are
available

m — Trivalent chromates

m — Trivalent with a sealer/topcoat

= — Organic & Inorganic Coatings (chrome free)

m — Paint (lead free)

m — Alternative Metallic Alloys

» Cost dependent on selection of a process (chemical
supplier) and applicator (plating/finishing shop)

Zinc-flake coatings suppliers

m Dorken MKS Systems

= The Magni Group

= Nippon Dacro Shamrock (Japan)
+ Metal Coatings International (North Am.)
+ Dacral (Europe)

m Units Coatings (recently acquired by
Atotech)

Types of products these coating materials are used for

Fasteners, springs, stampings, clips
Hose clamps

Fuel filler pipes

Fuel tanks

Brake lines

Muffler/under hood/under body
Brake rotors/drums/calipers

Seat belt components

Door lock components






Application Methods/Advantages

Properties of zinc-flake coating systems
« Complete range of application-technologies:

No hydrogen embrittlement — when applied over properly prepared

surfaces

Consistent torque-tension qualities on threaded parts DIP-DRAIN

Corrosion resistance meets/exceeds all automotive requirements.

(ASTM B117) a

Bimetallic corrosion resistance can be exceptional

It’s possible to paint and electro coat over different materials

Good ductility can achieved » No hydrogen-embrittlement by the coating-process
Electrical conductivity is possible

Performs well in cyclic corrosion tests (such as GM 9540P)

Heat resistance is also achievable with many of these coating materials
It’s possible to apply these coatings over zinc and zinc-alloy plated
materials — creating a unigue — highly corrosion resistant finish. « Excellent wetting and penetration

* Good flow properties = easy to apply

« Low curing temperatures

Dorken Application Techniques - Spray Coating

Use

« Even coating thickness req‘ed

« Coating a specific area of a part
« Complex formed metal parts

Application

« HVLP-Spraying

« Electrostatic Spraying with high rotation nozzle

« Electrostatic Spraying with specially designed spray pistols

Application examples
« Side door impact bars, B-Pillars, A-Pillars, Bolts > M20
« Larger wheel bearings, brake rotors and drums

Issues Created by Dip Spin
Processes

= Economical method for bulk processing small = Filled recesses/cupping areas
parts — i.e. fasteners, stampings, and springs Excess coating/build-up on threads
m Repeatable (Especially for threaded parts) Problems with small parts (M6 or smaller)
. . . . Thread nicking
m Well suited for high production coating Introduction of foreign material
= Transfer efficiency is high (normally over 98%) Cannot process nylon insert Lock Nuts or parts
m Possible to efficiently combine multiple with high flat surface area (i.e. flat washers)
combinations of coatings. Caution should be used on large/heavy parts
Parts that tangle or nest together

Advantages of dip spin coating






Dip Spin Application Methods

Recent Innovation

m Keys to the process

+ Control of viscosity Complete computer control by customer part number

Emptyin cesses/cupping areas (unique recipe by part). This also results in complete
¢ 'IE)i I¥in§ ppPINg historical collection of data by part as well
.

Inspections of coating baskets after XX cycles
+ RPM Required operator acknowledgements of inspections of
Reversin load chutes/hoppers, empty baskets and baking trays
A g before introducing a new lot (resulting in a reduction of
+ Curing foreign material)
Gentle material handling during transfers from chutes and
+» Temperature baking trays g during
s Re-orientation during cure Reduction in labor — due to continuous processing —
» Repeatability/reproducibility including mistake proofing in multi-coat processes

Continued

Required cooling cycle — resulting in part temperature back to room
temp prior to next coat

Jacketed paint pots are cooled and temp controlled automatically. Pots
also have a unique “electrical pin” configuration for each pot. This
allows the software to acknowledge the correct paint is available for
the recipe that is in process.

Paint room itself is also temperature controlled and regulated not to
exceed 78 deg. F.

Paint room is surrounded by walls from floor to ceiling to capture
fugitive VOC’s = k 3 i
Regenerative Thermal Oxidizer (RTO) is employed to destroy VOC’s i, : ! Vi T i i e e (e e e

o e D e
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DELTA® -TONE / DELTA® -TONE /
DELTA-PROTEKT® KL 100 pescription DELTA-PROTEKT® KL 100 pescription

Multiplication of the corrosion-resistance in comparison to
electroplated zinc « inorganic Zinc / Aluminum-Flake-Basecoat

« for steel substrates

« non electrolytical applied

- 'h“-,t‘-j\;\l B = « specified according to ISO 10683

« silver-colored

mN’V\a 5 : V2 « dry film-thickness 5-15um

« Basecoats are conductive

DELTA® -TONE / DELTA® Tone 9000
DELTA-PROTEKT® KL 100 properties DELTA-PROTEKT® KL100

. . . Mechanism of corrosion protection
« cathodic protection for all kinds of parts ( fasteners >M6 )

« excellent prevention of ground-metal corrosion ( red rust ) by
sacrificial galvanic corrosion protection
barrier-effect of overlapping zinc — and aluminumflakes
self healing-effect ( migration of zinc-corrosion-products )

« good heat-resistance

« good resistance against

oil, gasoline, organic-
solvents, brake-fluid

DELTA® -TONE /

DELTA-PROTEK 100 Properties DELTA-PROTEKT ® VH 300 topcoats Description

Suitable for high-strength Steel » Water-based, inorganic silicate-based topcoat

Mo @Rl = (el eiiese « Engineered for use on DELTA®TONE 9000 or
Cackndjcerosion DELTA-PROTEKT® KL 100

* Dry-film coating-thickness 2 to 3um

Low curing temperature (180 - 240 °C / 356 - 464 °F )

* Transparent
— no danger of structural changes

« Available with internal lubricants






DELTA-PROTEKT ® VH 300 topcoats properties

« topcoat for a wide range of parts
« good suitability for bolt-washer assemblies
« good suitability for recessed parts
« increase of corrosion-resistance by barrier-effect
« good resistance against chemicals like
acids, basics, cleaners, oils, gasoline

etc.

« high-temperature-resistance
>200°C / >392°F

DELTA - SEA opcoats Properties

« topcoat for all kinds of parts ( fasteners > M6 )
« increase of corrosion-resistance by barrier-effect

« increase of resistance against industrial climates
( Kesternich and analogue tests, i.e. ISO 6988 )

« reduction of galvanic corrosion

* good resistance against chemicals like a 8

acids, basics, cleaners, oils, gasoline etc. 8
* temperature-resistance 150°C / 302°F 8

DELTACOLL® topcoats properties

« topcoat for all kinds of parts ( fasteners < M6 possible )
« increase of corrosion resistance by sealing effect

« resistance against chemicals like
acids, basics, cleaners, oils, gasoline etc.

« high temperature-resistance up to
200°C / 392°F

« passivation film is sealed — so it's
insensitive to a temperature of up to
150°C / 302°F

« Lubricated product meets coefficient of
friction range of the VDA

* Sacrifical protection of Al

DELTA - SEAL® topcoats pescription

« organic high crosslinked epoxy topcoat

« Use on top of:
DELTA-TONE, DELTA-PROTEKT KL 100,
alloyed / unalloyed and zincphosphated steel
electroplated and mechanical zinc,
aluminum

« dry film thickness 5 — 10um

« several colors available

« available with integral lubricants

DELTACOLL® topcoats Description

« inorganic, silicate and titanium based sealer

« For use on top of:
zinc / zinc alloy electroplated + passivation

« Dry-film thickness 2-4um
« Available in black and transparent

« Available with integral lubricants

Zinc flake—SyStems Suitability for substrates

System Steel High- Aluminium Stainless
Strengh-Steel Steel
(> 1000
N/mm?)
DEL TA*-TONE 9000 + *
SEAL n
DELTA“-TONE 9000 + *
DELTAPROTEKT KL 100 - *
DELTA-PROTEKT® KL 100+ *

+++ = exceptionally well suited ++ = very well suited +=well suited
0 = conditionallv snited - = unsuited






Zinc flake- SySte IMS corrosion-protection

System Min. corrosion-

Dry-film- resistance
thickness [hrs]
( Basecoat )
[um]

DELTA®-TONE 9000

DELTA®-TONE 9000 +
DELTA-PROTEKT® VH 30X

DELTA-PROTEKT® KL 100 +

DELTA®-SEAL

DELTA-PROTEKT® KL 100 +
DELTA-PROTEKT® VH 30X

DELTA -TONE 9000

DELTA-PROTEKT® VH 30X
DEL TA-PROTEKT" KL 100 -

ROTEKT" KL 100+
EAL

DELTA-PROTEKT" KL 100+
DELTA-PROTEKT® VH 30X

corrosion- | temperature- | chemical
resistance resistance resistance

4+

4+

it

Siver,

+++ = exceptionally well suited + ery well suited + = well suited

n = canditinnally critard incnitad

Sealing—SyStemS corrosion protection

Salt spray-test 840

s acc. to ASTM B-117

Zincflake-SyStemS temperature - resistance

System temperature-resistance

DELTA®-TONE 9000

DELTA®-TONE 9000 +
DELTA®-SEAL

DELTA®-TONE 9000 +
DELTA-PROTEKT® VH 30X

DELTA-PROTEKT® KL 100
DELTA-PROTEKT" KL 100 +
DELTA®-SEAL

DELTA-PROTEKT® KL 100 +
DELTA-PROTEKT® VH 30X

* Tested per Ford-requirement — temperature-stress duration: 12h

Sealing-SySte IMS  corrosion protection

Saltspray-test 240 hrs acc. to DIN 50021-NSS

Zn (8um ) + Zn (8um) +
passivation Cr Il passivation Cr Ill+

DELTACOLL® 80 GZ

* DELTACOLLE® fulfills the requirements of specifications like:
GMW 3044, GME 00252, DBL 8451, VW-TL 217,
VW-TL 244 and of several other OEM / TIER-suppliers

Galvanic corrosion - protection

DE\:TA-PROTEKT KL 100
+ DELTA-SEAL Zn - yellow chromate

low Averaae Pit Volume < 2mm? high Average Pit Volume > 700mm3





OEM Conversion Issues

« Corrosion Resistance
 Torque Tension Requirement
 Color and Appearance

Thank you

« Part Performance www.swdinc.com

» Specification Reduction rdelawder@swdinc.com

« Spare Parts

[ porty Ser B SWD Inc.

« Part Number Changes . .

« Test Methods 910 S Stiles Drive

« OEM acceptance/recognition Addison, IL 60101
- Global availability (630) 543-3003
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Cerium Based Conversion Coatings

Prof. Matt O'Keefe

Dept. of Materials Science and Engineering
Graduate Center for Materials Research
The University of Missouri-Rolla
(soon to be “Missouri University of Science and Technology™)

—
Background
UMR Corrosion Coatings History

Initial Work for McDonnell-Douglas on Corrosion Resistant Films (1993)
- Polyaniline and Rare Earth based
- Conversion and E-Coat on Aluminum

AFOSR Sponsored work on Polyaniline and Cerium Coatings (1996-99)
- Cerium based Conversion Coatings Systems Most Promising

AFRL Efforts Focused on Rare Earth CC and Primers (1999-2004)
- Deft License of Non-Chrome Primer (Existing)

CAMT Emphasis on Conversion Coatings and Integrated System (2004-06)

SERDP Development of No VOCs/HAPs/TRI Coatings (UV Technology)
- Current Effort (2006-09)

—
Background

UMR IP in Corrosion Coatings

4 J. O. Stoffer, T.J. O’Keefe, S. P. Sitaram, P. Yu, X. Lin, E. Morris,
“Electrodeposition of Cerium Based Coatings for Corrosion Protection of Aluminum Alloys™
U.S. Patent 5,932,083, issued 3 Aug 1999.

« “Cerium Based Spontaneous Coating Process For Corrosion Protection of Al Alloys”, James
0. Stoffer, Thomas J. O’Keefe, Matthew O’Keefe, Eric L. Morris, Scott Hayes, Alex
Williams, Berny Rivera, Xuan Lin, Patent # 7,048,807, issued 23 May 06.

«J. O. Stoffer, T. O'Keefe, E. L. Morris, X. Lin, S. Hayes, and P. Yu,

“Additive-assisted, Cerium-based, corrosion-resistant e-coating,”

United States Patent Application, 20040026261, (2004). (To Be Issued June 2007.)

«J. O. Stoffer, T. O'Keefe, E. L. Morris, S. Hayes, P. Yu, A. Williams and X. Lin,
“Additive-assisted Cerium-based electrolytic coating process for corrosion protection of
aluminum alloys” United States Patent 6,818,116 issued 16 Nov 2004.

«J. O. Stoffer, T. O'Keefe, E. L. Morris, S. Hayes, and P. Yu,

“Compounds for Corrosion Resistant Primer Coatings and Protection of Metal Substrates™
U.S. Patent Application 20040249023, (2004).

«J. O. Stoffer, T. O'Keefe, E. L. Morris, S. Hayes, and P. Yu,
“Corrosion Resistant Coatings Containing Carbon”

U.S. Patent Application 20040186201 (2004).

—
Background on CrCCs

CrCCs Are Extremely Effective But Not Foolproof
- Protection Mechanism is Electrochemically “Passive”
- Requires Migration and Barrier Formation
- Proper Processing Parameters Needed
- Non-optimized Processed CrCCs Perform Poorly
- Requires Correct Thickness and Morphology

CrCCs Are Able to Overcome Process Variations/Differences
- Strong Electrochemical Agent
- Works on Numerous Substrates and Conditions
- Similar Properties Needed Yet Elusive

Cerium Based Conversion Coatings (CeCCs)

" Rare-Earth Compounds
- Potential Form, Fit, Function Replacement for Chromates
- Are Not “Inherently” Protective
- Require Proper Phase and Type of Coating System
- What Works in One System May Not in Another

CeCCs Demonstrated To Be Effective On High Strength Al
- Initial Work Took Hours to Deposit
- Use of Accelerating Agents (H,0,) Helpful
- Changes the Morphology and Phase

Competing Thermodynamic and Kinetic Factors

CeO, Based Conversion Coatings

Revised Pourbaix Diagram for Ce-H,O System

Previous Revised
25 T
Ce(0H)? IceO., o T Ce(OH),"
208~ ce(oH)” - ; Lcelon),
e ® ‘5 ® Ce(OH), / Ce0,2H,0
10 10 -
s
Sos o8
w ce” e
& & ¢
o @... Ce(OH), wf@..
5 05
10 10
15 P

2 0 2 4 6 8 10 12 1 2 o 2 4

pH






CeO, Based Conversion Coatings

« Adding H,0, Enhances Deposition Rate
« Controlling the [H,0,]:[Ce] Ratio Critical
« Different Phases, Stability and Density of Ppt Powders Occurs

—

! II 1

“—— Increasing H,0,

CeO, Based Conversion Coatings

Process Development

Electrolytic

Immersion

CeCC Deposition Methods

CeO, Based Conversion Coatings

Deposition Controlled by Interfacial Reactions
- Surface Preparation Critical
- Influences Coating Process and Corrosion Performance

AES Depth Profiles of Spray Deposited CeCCs on Al 2024-T3

8

~100 nm

Asomic %

s B HHSEBREIREE
1
Al %

¥ EsEE5838E

M W 00 M0 K0 MO
Spunering Depth ivm|

45°C Alkaline Clean

CeO, Based Conversion Coatings
Generic Process Flow Sheet for CeCCs

= TN
Coated Panel Phosphate Post-Sealing

Distilled Water Rinsing

CeO, Based Conversion Coatings

Proposed CeCC Deposition Mechanism
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CeO, Based Conversion Coatings

Post Deposition Phosphating Improves Corrosion Performance
- Convert Ce(1V) into Ce(l11)
- Decreases Number of “Cracks” In The CeCC

As-Deposited CeO,

After Phosphating CePO,
Predominately Ce(VI1)

Predominately Ce(111)






CeO, Based Conversion Coatings

Corrosion Evaluation

Before Salt Spray After 14 Day Salt
Testing Spray Testing

Spray Deposited CeCC on Al 2024-T3

CeO, Based Conversion Coatings

Results Indicate Presence of Al-O On Top of CeCC
- Cerium Phosphate Coatings Prior to Salt Spray
- Al-O Surface Layer On Top of Cerium Phosphate Coating
- Needed XTEM To Observe

E A 00
After 14 Days Salt Spray

Before Salt Spray
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CeO, Based Conversion Coatings

Corrosion Evaluation

SEM Micrographs of CeCC Coatings
- Nodular, Uniform Before Salt Spray
- Acicular, “Reacted” After 14 Days
- Implies More Than “Barrier” Protection of Substrate

0 days 20pum

Summary

evelopment of Green Corrosion Conversion Coatings Challenging
- CrCCs Work When Properly Processed
- Can Be Use On A Wide Variety Substrates

Corrosion Inhibiting Coatings Based on Cerium Rare Earth Oxides
- Deposition Processes Developed for Al Alloys
- Deposition Mechanism Proposed
- Control of Processing Parameters Crucial
- Especially Cleaning/Surface Preparation
- Need Proper Phase To Be Effective Corrosion Inhibitor
- Phosphate Treatment Improves Performance
- Can Tolerate Coating Being Compromised
- Dependent on Coating/Substrate System

Protection Mechanism Not Fully Investigated/Understood
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Issues With Use of Chromate
Conversion Coating
Alternatives

By:
Stephen Gaydos
Boeing — St. Louis

May 16, 2007

DoD Metal Finishing Workshop — Chromate Alternatives for Metal
Treatment and Sealing

Hilton Garden Inn — Layton, UT

PHANTOM WORKS iz ) @ﬂﬂf]ﬂﬂ

Major Decision for Non-Cr
CC Users

MIL-C-81706 -81706

*2 Week Salt Spray on 2024
«Paint Adhesion

«Coating Weight

*Elec. Contact Resistance

*Paint Adhesion

WHAT SIDE OF THE FENCE DO YOU SIT ON?

PHANTOM WORKS =,
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Boeing Military Operations

« Boeing Military Aircraft Surface Treatments Must
Meet MIL-S-5002

— Unless otherwise specified, all aluminum and
aluminum alloys, ‘'Including clad aluminum alloy
surfaces, shall be either anodized to produce coatings
conforming to MIL-A-8625 or shall receive a chemical
conversion treatment to produce coatings conforming
to MIL-C-5541.

¢ MIL-DTL-5541 (MIL-C-5541)

— The materials used to produce a chemical conversion
coating shall be approved for the selected type, class,
form, and application method in accordance with the
qualification requirements of MIL-DTL-81706

« Type | = Chromated , Type Il = NonChromated

PHANTOM WORKS Z @ﬂﬂflﬂﬂ

3

Non-Cr Conversion Coating
Requirements for Boeing

* Non-Chrome Conversion Coating Shall Meet
MIL-DTL-81706B, Type Il for Class 1a and 3
— Applied by Immersion, Spray and Brush
* One Tank Operation - No Heat
— Needs to Work on Other Aluminum Alloys Besides
2024, 7075, 6061
— Must Consistently Pass Monthly 1 Week Salt Spray
Test on 2024 for Immersion Tank Operations
— Needs to Work with Existing Aluminum Prep Line
* Must Be Compatible with Boeing Cleaners and Etches

FHANTOM WORKS _%

\ @ﬂﬂf/ﬂﬁ

Non-Cr CC for IVD Al (1992 — 1997)

« Selected Non-Cr Conversion Coating for IVD
Aluminum (1100 Aluminum Alloy)
— Sanchem CC Two Step Process
« Sanchem 3300 — Permanganate Seal
« Sanchem 3400 - Silicate Seal
— Alodine 2000
« Alodine 2000 — Cobalt Conversion Coating
» TD-3095Y Seal — Vanadium Seal
« Not Implemented Because It Was Only Qualified
for 1100 Aluminum Alloy

— No Aerospace Facility Wants to Install a Special Non-
Cr CC Tank Just for IVD Aluminum

PHANTOM WORKS = @ﬂﬂf]ﬂﬂ

Alodine 2000 (1997 — 1999)

» Attempt to Qualify Alodine 2000 for Aerospace
Aluminum Alloys
— Paint Adhesion and Electrical Contact Resistance
Was Good, But Failed Salt Spray Corrosion Tests
« Sensitive to Surface Prep (Cleaners and Etches)
« Tried Different Versions of the TD-3095 Seal
— No Success
— Cobamine (the Boeing Commercial Version of
Alodine 2000) Supposedly Performs Better
« However Cobamine Still Not Qualified in 2007

PHANTOM WORKS %_:;_5 @ﬂﬂf]ﬂﬂ






Sanchem CC (1997 — 1999)

¢ Attempts Made to Qualify Sanchem Safegard
CC-3000
— Four Tank Immersion Process
* Boiling Water --> Safegard 2000 --> Safegard
CC-3000 --> Safegard 4000
— Too Expensive and Complex
— SteamGard Process Reduces This to a Two Tank
Process (More Producible)
« #1 [Steam --> Safegard 2000 (Spray) -->
Safegard CC-3000 (Spray)] --> #2 Safegard
4000 (Immersion)
» SteamGard Unit Made by Electro-Steam Corp.

PHANTOM WORKS iz ) s @ﬂﬂf]ﬂﬂ

Sanchem CC (1997 — 1999)

¢ SteamGard Results
S:teamGalr — Good Paint Adhesion

it - Poo_r Corrosion
Adddddddd Resistance for 2024
and 7075

— Results Dependent on
rrrrrrrrr Surface Prep
rrrrrrrrr « Cleaning, Etching and

Deoxidizing
PHANTOM WORKS T, @Eﬂflﬂﬂ
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Touch-N-Prep (1999 — 2003)

* Alodine 1132 Touch-N-Prep Pens
Qualified
— Contains Chromates But Reduces Chromate

Exposure of Workers and Hazardous Waste
« Pen Applicator Safer Than Brush Application

— Mil Spec Qualified
— Added to Boeing Process Specs

» Note — Work Beginning to Qualify Alodine
871 Touch-N-Prep Pens
— TriChrome Conversion Coating

FPHANTOM WOHKS _:1%
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Cerium Conversion Coating (1999 — Present)

» Boeing Working with University of Missouri —
Rolla to Develop Cerium Conversion Coating
— Electrodeposited Version Works Very Good But
Needed Non-Electro Version for Aerospace
— Developing Spray and Immersion Process
« Spray Is Most Promising
— Surface Prep is Critical Step
« Cleaning, Etching and Deoxidizing (See Next Slide)
— Work is Continuing

» See Dr. Matt O’Keefe’'s Presentation

FHANTOM WORKS _%
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Cerium Conversion Coating

Process”
\ DEGREASE WITH ACETONE\

DI WATER RINSE
[ALKALINE CLEAN - TURCO 4215 NCLT]

[NODEOX|  |DEOX - AMCHEM 7| [DEOX - 0.05M H,SO, |

CERIUM CONVERSION COAT:
30 g CeCl; + 120 g NaCIO, + 2.2 g H,0,
In 600 ml DI Water.
Coating Time: 5 to 10 minutes

T
[WATER RINSE - DRY]
PHANTOM WORKS a'.?) @ﬂﬂf]ﬂﬂ
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INASMET Non-Cr Conversion Coating
(2003 — Present)

* Boeing R&D Center in Madrid, Spain
Working with INASMET to Develop a Non-
Cr Conversion Coating
—INASMET is a Non-Profit R&D Facility in San

Sebastian, Spain
—INASMET is Familiar With European Non-Cr
Coating Technologies

« Investigating Conversion Coatings Containing Zr,
Mn, Mo, and Ti Compounds

—Work is Continuing
« Surface Prep is Critical (Clean, Etch, Deox)

PHANTOM WORKS =52 @ﬂﬂf]ﬂﬂ
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TCP Qualification (2005 — Present)

¢ Conducting Tests to Qualify Trivalent Chrome
Conversion Coating at Boeing — St. Louis
— Boeing Test Requirements: PS 13209, MMS 423,
PS 17421
« Evaluating TCP Material from Four Vendors
— Luster-On: Aluminescent (1-3 oz/gal powder)
— Henkel: Alodine T 5900 (5% by Volume)

— CST-SurTec: SurTec 650 — chromitAL TCP (20% by
Volume)

— Metalast (Pavco - Chemetall Oakite): TCP — HF (25 - 50%
by Volume)
¢ Surface Prep Is Critical Step

— Acceptable Cleaning and Etching Procedures for
Each TCP. Version Were Established
PHANTOM WORKS T{,;fz
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TCP — 11 (2007 - ??7?)

» Boeing Will Evaluate TCP with Improved
Corrosion Inhibitor Package

— Navy — Pax River Developed Additive and
Provided it to TCP Licensed Vendors

» Metalast TCP-HFEPA Additive Received
— Boeing Working Closely with Metalast and
Chemetall Oakite to Evaluate this Additive
with Boeing Cleaning and Etching Procedures

« Cleaners and Etches Can Be Modified or Changed
to Improve Corrosion Performance

PHANTOM WORKS ‘-&% @ﬂﬂflﬂﬂ
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TCP Qualification (2005 — 2006)

» Tests Used Boeing Optimized Cleaning
Procedures for All 4 TCP Suppliers
— Paint Adhesion and Electrical Resistance —
Very Good
— 2024 Corrosion Resistance — Poor
* 6061 and 7075 Performed Better
—Vendors Applied TCP to Boeing Test Panels

* Only One Vendor Was Able to Pass 1 Week Salt
Spray with Their Clean — Deox — TCP Process

PHANTOM WORKS ‘7‘ =3
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Chromate Alternatives for
Passivation of Stainless Steel

e
PHANTOM WORKS a_sé') .
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Conclusions & Recommendations

» Corrosion Performance of Non-Chrome CC
Affected by Surface Prep

* MIL-DTL-5541 Monthly Corrosion Test with
2024 Difficult to Pass with NonCr CC
— Need to Consider Changing to an Easier Alloy (1100)

to Pass Monthly Salt Spray Test

» Need to Consider a Coating Systems Approach

to Approve Non-Cr CC

— Paint + NonCr CC Shall Pass 3000 hr Salt Spray
* Not Sure if Non-Cr Paint + NonCr CC Will Pass

EHANTORM WOHKS ‘2?—25 © @ﬂﬂflﬂﬁ

Citric Acid Passivation

» Boeing Test Results Have Shown that Citric
Acid Passivation Solutions Are As Good As or
Better Than Nitric Acid Formulations
— Nitric / Dichromate Performed the Poorest
— Citric Acid Solutions Can Be Used on ALL Wrought,

Cast, and Forged Stainless Steel Alloys

« Includes Free Machining (303), Stabilized (321), PH (17-
7PH), Austenitic (304), Martensitic (440C), Ferritic (430)

e Appears That Non-Aerospace (Food and

Pharmaceutical) Have Been Using Citric Acid
Solutions for a While

« Boeing PS 13001 Changed To Allow Citric Acid

PHANTOM WORKS :-:f_“;_% @ﬂﬂf]ﬂﬂ

18






File Attachment
Gaydos - Issues With Chromate Conversion Coat Altern.pdf


Advanced Anodizing using Process
Control Technology

By
Ruben A. Prado, CEF

Naval Air Systems Command (FRC-SE)
Materials Engineering Laboratory
Testing and Corrosion/Wear, Code 4.9.7.5
Jacksonville, FL 32212-0016
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Overview

B Conventional Anodizing

B Factors Influencing Coating
Characteristics

B Using Process Control Technology

B Benefits & Payback

B Cr*¢Free Post Anodize Sealing

B Future Goals/Objectives

Conventional Anodizing

Manual Control of rectifier

Voltage Anodizing

Lead Cathodes

Copper Buss Bars

Sulfuric Acid Electrolyte (no Additives)

(+) Anode
Cathode
)

3 DoD Metal Finishing Workshop 16, 17 May 2007

Effects of “Burning”

burning

Film Thickness

soft films

Current Density

5  DoD Metal Finishing Workshop 16, 17 May 2007

a
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Current Density Bath Temperature Agitation Anode/Cathode Ratios Human Error

Factors Influencing Properties
Of the Oxide

Electrolyte Concentration Anodizing Time Alloy Composition Oxide Dissolution

Pore

Porous Iayer Volts Pores/in? x 10°
. 15 498 all
Barrier layer o SErED
Unsealed Anodic Coating Aluminum 30 179 (larger)

DoD Metal Finishing Workshop 16, 17 May 2007

Process Control Technology

Interface Bath Additive

Controller

Process
Controller

Photos courtesy of Metalast™ International, nc.

DoD Metal Finishing Workshop 16, 17 May 2007






Anodize Tank Modification
Anode/Cathode/Air Sparger

Anodize Tank at FRC-SE JAX

9 DoD Metal Finishing V shop 16, 17 May 2007

Coating Ratio & Efficiency

‘ Before Anodizing ‘
wl

Anodic Coating

w3 | 2_|_ After Anodizing _|_ wl
W

Coating Ratio: (w3-w2)/(w1-w2)
w1: Weight of original panel

w2: Weight of Al after coating is stripped

w3: Weight of Al with anodic coating

w3-w2: coating weight

w1-w2: Weight loss of aluminum

Metalast® AA-200

Formed i Traditonal Elctroly 182y

ShiHua Zhang and Lin Zhang © 2001

Regenerative Blower

8

Electrolyte Additive

< Improves consistency & uniformity

« Decreases oxide dissolution “burning”
« Increases Coating Ratios

« Improves efficiency — reduces decants

« Increases apparent density

« Reduces cracking & crazing

« Allows for higher current densities

« Reduces operating costs

Metalast® AA-200 « Benefits both Type Il & Type Il baths

10 DoD Metal Finishir shop 16, 17 M

Chemical Dissolution Rates

Chemical dissolution rates of Anodic Coatings (Type Il)
Conventional vs. Metalast Technology

2
z  aoo

s aso

5 About 15% - 20% Reduction in
L Chemical Dissolution Rats
33250 rak § emical Dissolution Rates
2% 00 BUETALAST can be observed on Type Il
. anodizing with the AA-200
7 additive.

E

E 50

=

1100 2024 3003 5052 6061 7075
Alloy

162ty
Shi Hua Zhang and Lin Zhang © 2001
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Operating Parameters

>

Bath Chemistry, Tank 209 @ FRC JAX

Chemical Component Concentration Range (g/L) Concentration (g/L))
METALAST AA-200 3-5 4
Sulfuric Acid 165220 192
Aluminum ion (AI*%) 4-15 7

Anodizing Conditions

Anodizing Type Current Density Bath Temperature
Typell 12 ASF 70°F
Type il 24 ASF 34°F
Type IIB *8 ASF 80°F

*Based on corrosion pre-screening evaluation of Metalast provided couponsistrategies and alloy being anodized.

‘General System Parameters

>

B Cathode material of 6063-T5 or T6 is vital
« Maintaining a 3:1 Anode-to-Cathode ratio is best

| Sufficient volume and uniformity of agitation must be
maintained (recommended scfm = surface area x 2).

B Proper Temperature range needs to be maintained:
*Type ll: 70 + 2°F
*Type IlI: 32 + 2°F

B Use a 10 to 100 micron spun polypropylene filter

B Keep electrolyte below 100°F

B Normal tank solution may be clear to slightly cloudy

B Slight foaming is normal

13 DoD Metal Finishing Workshop 16, 17 May 2

Installed Metalast Process é
Controller at FRC-SE JAX ;

Metalast Process Controller

Audio/Visual Cycle Alarm

15 DoD Metal Finishing Workshop 16, 17 May 2007
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Metalast™ System g
Block Diagram ;

120V, 60 Hz Facility
service Panel

| | Audio/Visual

Data
Logger

[

Printer -
METALAST “JobPro”
Operator’s Control
Console (OCC)

—
thermocouple

Controller (IC)

16 DoD Metal Finishing Workshop 16, 17 May 2007

Process Controller Features é
)

« Interfaces with existing system
rectifier

« Strategies can be created and
stored via touch screen console

* Auto regulates & controls
rectifier voltage & current output

« Optional Material Handling
System & Temperature monitor

* Pre-run/End of Cycle Alarm
* Operator ID

* Generates Progress
Verification Reports (PVR)

Main Menu

b

@ Rerun last Strategy
m Create & Run Strategy

Select & Run from
active cue

Systt_em Setup &
Service

Metalast IPC “JobPro”

17 DoD Metal Finishing Workshop 16, 17 May 2007
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Create a Strategy Pre-Run Alarm

METALAST IPC “JobP METALAST IPC "JobPro 17

< Enter ramp time
« Enter target amps

« Enter plateau time

19 DoD Metal Finishing Workshop 16, 17 ; 20 DoD Metal Finishing Workshop 16, 17 May 2007

Run in Progress End of Cycle

« End of Cycle Alarms
goes off

« Rectifier current output
goes to zero

« Process Verification
Report is generated

Interface Controller Monitors Voltage/
Current outputs from System Rectifier
during Anodizing

DoD Metal Finishing Workshop 16, 17 May 2007 g DoD Metal Finishing Workshop 16, 17 May 2007

Accuracy of Desired
Oxide Thickness

Type |l Anodizing (Unsealed)
B-117 Corrosion Test Coupons
2024-T3 Al Alloys

Alloy Type Il Coating Thickness Type Ill Coating E
(mils) Thickness (mils) 2
Target Actual Target Actual g
2024-T3 05 0.48 +0.03 20 |1.92+0.05 S
6061-T6 0.5 0.53 +0.03 2.0 1.91 +0.06
6061-T6 - - 0.7 0.73+0.04
7075-T6 05 0.52 +0.03 20 |1.95+0.06 1900mrs 3900k fe0ots
410 6 % deviation from run to run using Metalast™ System -
MIL-A-8625 states: Coating shall not vary by more than + 20% for coatings up to 2 mil thick &2
g |
=
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Type Il Anodizing (DiCr Sealed)
B-117 Corrosion Test Coupons
2024-T3 Al Alloys

Conventional Metalast
8500 Hrs 8500 Hrs

Test panels produced under the OSD Corrosion IPT funded project

25 DoD Metal Finishing Workshop 16, 17 May 20

Taber Abrasion Testing of
Anodic Coatings

Wear Test Coupon (2024-T3)
Type Il Coating, (1.93 mil)

Model 5155 Taber Abraser CS-17 Wheel @ 10,000 cycles
Alloy Measured Wear Index Max. Allowable Wear Index
(Average) (MIL-A-8625F)
2024-T3 153 35
7075-T6 031 15

Wear Resistance Test Results of Type Ill Coatings produced by Metalast™ Technology - May 06

DoD Metal Finishing Workshop 16, 17 May 2007

Benefits of Process Control
using the Metalast™ Technology

BENEFITS

B Reduces Operator error and
Supervision of Process

B Reduces cycle & throughput times

B Improves accuracy and repeatability

W Improves quality of the oxide formed

B Reduces defects and rejects

® Provides Accountability of Work
Performed

B Generates a Process Report
Verification

®m Reduces Waste due to consolidation of
bath chemistry & extended life

B Energy savings are realized due to use
of aluminum cathodes

| Allows for consolidation of anodizing
processes

Investment/Payback

INITIAL INVESTMENT

® Modified Tank with Proper Air/Sparger - $14K

B Heating Elements/Temperature Controller - $7K Total Investment = $64K
B JobPro Process Controller - $35K

W Chemistry - $2K

® Replace Cathodes/Buss Bars with Aluminum - $6K

COST AVOIDANCES

® Labor Avoidance with Controlled
* $20.8K savings /yr (assume 10 min/batch @ 1250 batch loads/yr)
| Labor Savings \fmh Reduced Rework Total Annual Cost
* $11.9K savings /yr (assume 0.5% vs. 10% rework) ‘Avoidance
® Reduced Surveyed components $56.5K or 1.1 YRS Payback
= $5K savings /yr
® Cost Avoidance with Increased Efficiency
= $18.8K (assume 15% efficiency increase)

27 DoD Metal Finishing Workshop 16, 17 May 2007

Hexavalent Chrome free Sealing ;

B Metalast™ TCP-HF currently in Dem/Val at FRC JAX as a post

Type Il & 1B oxides sealed in TCP-HF being evaluated at JAX

treatment for anodic coatings produced by the Metalast™ Technology.

DoD Metal Finishing Workshop 16, 17

TCP-HF Operating Conditions

Trivalent Chromium Post-Treatment Process q

| Concentration: 10 — 50% by vol
B Temperature: 65 — 120°F

B Time: 1 — 10 minutes

H pH: 3.6 - 4.0

B Tank material: Polypropylene or Teflon-lined Tank.

29 DoD Metal Finishing Workshop 16, 17 May 2007
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Metalast Type |IB Anodize (TCP vs. DiCr Sealed)
J B-117 Corrosion Test Coupons /
2024-T3 Al Alloys _—

Dichromate
Seal (5% wt)

Panels AZ-BS1C (1-5)

1,068 Hrs NSF

Average Coating Weight
450 g2 (~ 2.6 pm)

Current Density used:
8 ASF for 13 min

TCP-HF

Panels A2-BS1T (1-5)

Batch Chemistry: 190 g/L H2504, 4 giL AA200  Type || coupons stillin test

Bare SO, Corrosion Performance of Various
Anodize using Metalast Process
with Various Seals

;

2024 Bare SO2 Corrosion
TCP consistently
Out Performs
Dichromate sealing

1654 Rating

a
= Type TP
12 Type 18 Dchromae

g
e ses
7075 Bare SO2 Corrosion
UAVG | dAVG | 192wAVG
Time. 10
s e e
£, e 7P
H 1 18 Dicvomae
3 1o 15 TC>
2 = Type Il No Seal
UAVG | dAVG | 192mAVG
Time
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Painted SO, Corrosion Performance of Various
Anodize using Metalast Process
with Various Seals

@

2024 Painted 502 Corrosion
0

o
£
"

3

1A SONAg  L0OMAg  ISOONAG  Z000WAg  3000Ag
Time
I -
| *Performance shown to be relatively
7075 Panted 02 Corrosion |__the same with painted coupons

0

s
e Eope Dot
g° e 7P
z ¢ 7y0e 18 Dichromate
4 e e e

2

o

owAg  SOWAg  000WA  1SODWAG  2000nAg  S000MAG
Time
*Painted Coupons: (Paint System used; Primer - MIL-PRF-85582, Type I, C1 ; Topcoat - MIL-PRF-85285
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Paint Adhesion for Various Anodic Coatings on
2024-T3 with Various Seals

;
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Coating T24F | fabay | 17Day
“Thickness | Weight tDry wet wet wet
CULAEES Eeal (No Seal) | (No seal) | Adnhesion | Adnesion | Adhesion | Adhesion
Withess Withess A A T 3
Dichromate 456.9 5 5 5 5
Dichromate 459.0 5 5 5 5
Dichromate
Dichromate . (@59.3 mg/f)
TYIB Dichromate| il I:.oa
BASF-13min TP a7, 5
(@5 um)
Tcp 4546 5 5 5
Tcp 447.9
TcP (50,1 mgif)
TcP
Dichromate 2.756.7 5 5 5 5
Dichromate 29795 5 5 5 5
Dichromate 2.903.9
Dichromate| o o o, [(2:880.0 mg/f)|
gl Dichromate| ©
12ASF-40min TP 3.007.7 5 5 5 5
(12.7 pm)
Tcp 29419 5 5 5 5
TcP 27988
TcP (2.916.1 mgif?)
TcP
Painted Coupons: (Paint System used; Primer - MIL-PRF-85582, Type |, C1 ; Topcoat - MIL-PRF-85285

Paint Adhesion for Various Anodic Coatings on
7075-T6 with Various Seals

)

)
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Coating T2a A 4 Day 7 Day
Thickness Weight *Dry Wet Wet Wet
MRS ol (No Seal) | (No Seal) | Adhesion | Adhesion | Adhesion | Adhesion
Witness Witness A A [ J
Dichromate 4782 5 5 5 5
Dichromate 4796 5 5 5 5
Dichromate 483.9
Dichromate . (480.6 mg/ft)
TY B Dichromate | r;“g o
e e e i
CP. 481
CP 4743
P (480.1 mg/ft?)
P
ichromate ,919.8 5 5 5 5
ichromate 33577 5 5 5 5
ichromate ,457.5
ichromate (3,245.0 mg/ft’
i 2 os:y.os ¢ 1)
12ASF-35min ] (12”; :m) 35366 5 5 5 5
CP . 31675 5 5 5 5
CP 31114
CP (.2725 mgit)
<P
Painted Coupons: (Paint System used; Primer - MIL-PRF-85582, Type |, C1; Topcoat - MIL-PRF-85285

ir supply Line
Cathode connection
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Project Goals

B Produce all three anodizing Type! withﬂone—tank-system”
using the Metalast™ process 4

B Implement Technology Across Navy Depots

B Make Metalast™ the new standard for anodizing

B Cr® free Anodize Sealing using TCP as drop-in replacement

37 DoD Metal Finishing Workshop 16, 17 May 2007
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Questions

39 DoD Metal Finishin:
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Modern Facility
Design for Surface
Finishing
Peter A. Gallerani, MSF, AESF Fellow
Integrated Technologies, Inc.

Imc‘gratul
[ e

The Modern
Surface Finishing Facility

R
|

Unfinished o
Parts q OO I CoOoOO L5 q Flg\asr?scd
[N
Dbie

Integrated

Production Basis

= Work Envelopes
= Equipment Sizing
= How Big and How Many? Right Sizing of

Equipment Creates Operational and
Energy Efficiency!

= Flexibility vs. Efficiency

Integm‘tell
[ P

Modern Surface Finishing Facilities

* Integrate Conventional and Innovative
Processes

« Integrate \Wet and Dry Processes

« Adaptable to New Technologies and
Processes

« Optimize Flexibility and Efficiency

Imc‘gratul
[ e

Design for Wet Processes

= State-of-the-art surface finishing facilities
provide manufacturers with:

« Improved Worker Safety and Environmental
Compliance

* Increased Productivity and Flexibility to Manage
Changing Production Levels and Work Mix

» More Efficient Use of Water, Chemicals, Energy and
Labor (Eliminate Waste)

* Long Term Operability and Maintainability
* Reduced Life Cycle Costs and

 Capability to Meet/Exceed Customer and Industry
Quality Requirements (e.g. Nadcap)

* Enhanced Sustainability

Integrated

Process Layout & Space Planning

« Operability & Work Flow
« Maintainability

« Work Environment

« Footprint vs. Volume

Integm‘tell
[ P





Managing Worker Exposure to
Hazardous Chemistry

«Process Automation
* Fixtures

Hazard Management #« Process Isolation & Enclosures

« Operating Parameters

Purely Green Chemistries/Processes are not Concentration pe—— N
Viable for Most Surface Finishing - N P e = )\)
Requirements so we Must Devote as much = Agitation i to Chemical Hazards
Effort to Effectively Manage as we T
do to Seek New Alternatives! = Temperature

Integratell
[ e

Make/Buy Analysis RAFB AMFF Layout

# Process Requirements

= Are Nonhazardous or Less Hazardous Alternatives
Available that Meet Process Requirements?

« Make or Buy
= Does the Facility have the Capability (Technical,
Financial, Organizational) to Manage Surface
Finishing Processes Efficiently and Effectively? If not
Outsourcing Work to a Capable Supplier should be
Considered...

fptezrited

Robins AFB Process Automation Integrated Hazard and Energy Management
froidf |

Air in Operator Setup
Area is Positive Relative
to Wet and Dry Process

Areas

Fully Automated Wet \ ] I Bulkhead with
Process Lines Provide Automated Doors
Better Quality, N Separates Operator

Productivity and Safety - i Setup Area from Wet d
ntegraite ntegrite
ot R
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<

Integrated Hazard and Energy Management

<Y T
Aif in Operator Setup
Area can be Cost
Effectively Comfort
Cooled due to Reduced

“—__ Venilation Ratg

Integrated Hazard and Energy Management

o |
F X
(- .
(" obstructions of Push/Pull \j
Ventilation System are D
Minimized >/
@

< A
a———

I.nu:‘gl‘l‘l?d-

Integrated Hazard and Energy Management

an el

P

/" Ventilation Design

(&

Segregates each e
Process Line and
Provides Energy

Efficient Duct Design

Integrated Hazard and Energy Management

@

Push/Pull Ventilation is
Very Efficient with
Improved Capture due to
Front and Back Shields

Integrated Hazard and Energy Management

Interior Washdown of
panels and hoods is
Integrated in Design with
Spray Manifolds and
Collection Troughs

( Sliding Isolation Shields
" Protect Operator from
Splashes and Fumes
and Improve Capture
Q Efficiency

Integrated Hazard and Energy Management

S
< D

ﬁo.;m Based Maskant
p Tank has Automated

k Cover Interfaced with
( Automated Hoist
N






Preventative Maintenance and Asset
Management

Robust Corrosion
) ‘ Resistant Materials and
Facility Design facilitates Coatings are Required to
Frequent Washdown of Minimize PM Costs and
Process Equipment to Protect Assets.

Q Control Corrosion
~

=

Main Level Maintenance Aisles

9

Instrument Sensors are
Located for Easy Access

@ng Operator and
Maintenance Aisles

Facilitate Efficient
(\ Equipment Maintenance

S

Integrated Spill Prevention/Control and
Corrosion Management

<~
/{ The Basement Level

p Fioor Slopes o
Q Collections System of
-
Trenches

~—_

Lean Maintenance

Efficient Mechanical
Design and Layout
Reduces Maintenance
Time and Cost

Integrated Spill Prevention/Control and
Corrosion Management

( Floor Coating
Penetrations are
Above Spill Zone.

R

N

( All Equipment
/" sitson Pads
(_ Above Spill zone.

Integrated Spill Prevention/Control and
Corrosion Management

Trenches Slopes to
Collections Sumps






Integrated Spill Prevention/Control and

Corrosion Management Water & Wastewater

Y

gy
Well Designed Storage
Net Water Usage can 5 "
be Reduced Through Tgnksgraf\gtrii ::ledslrs'u
Conservation and apacity

. Solutions During Tank
Recycling . Malnlenancellnspecfll;’:)
_ or Blegd to Tre:

Collections Sump

Treated Wastewater is
Recycled as Scrubber
Makeup

Integratell C< Integratell
[ e [ e

o ; Advanced Planning and Concept
New Facility Construction vs. Old Development/Visualization Facilitate Project

Facility Renovation? Cost Effectiveness

= Every Surface Finisher can Afford
Good Design ...Good Design is Cost
Effective

« |t is More Difficult to Effectively
Renovate an Existing Facility, but
Limited or Complete Renovation can still
be Cost Effective Through Reduced labor,
Material and Energy Costs and Improved
Yield

Maximum project
cost control is
gained through
effective early
planning and
engineering

Ability to Influence Total Capital Cost

Project Time Line

Environmental Impact Energy Efficiency Factors

« Maximize Material Utilization « Ventilation Planning

=« Minimize Net Water Usage = Push Pull Ventilation

# Minimize Energy Usage = Covers & Enclosures

#« Minimize Waste « Process Agitation Design & Control

&« The Environmental Impact of a Well « Process Heating & Cooling
Managed Surface Finishing Facility is
not Automatically Reduced by
Minimizing use of Hazardous
Materials?

« Facility Heating & Cooling

Integm‘tell Integm‘tell
[ P [ P





Health & Safety

= Minimize Hazards
= |[solate Operators from Unavoidable

Hazards Conclusion

# Protect Workers with Proper PPE and
Training Where/When Isolation is not Safety and Efficiency can be

Viable Designed into Modern Surface

Finishing Facilities

Integratell Integratell
| [ et
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Corrosion Protection of Structural Mg Alloys | Wenyue Zheng | CANMET-MTL
in Automotives (K. Legq)
Cr-free conversion Coatings for Aerospace - | Nieves Lapena- | Boeing Europe/Spain
the European Perspective Rey (Steve
Gaydos)
Electroplated AlumiPlate Al & TCP Gus Vallejo Alumiplate

ESTCP__Hydrogen Embrittlement testing

Steve Gaydos

study

Boeing St Louis

Breakout Sessions:

1. Pretreatment (conversion coating) of Al and Mg alloys —

Chair: Joe Osborne

structural and electronic

2. Chromate treatment of steels (e.q. chromate wash primer)

Chair: John Beatty

3. Chromate treatment of coatings (IVD Al, electroplated Al,

Chair: Steve Gaydos

Zn, ZnNi)

Outbriefs from Breakouts

(«==] («—=J «—= Ja—=] («—=J «—= B «—= T «—=)

Introducing Products to DoD Utilizing OSD’s

Robert Herron

New Specs & Standards On-line Tool

Redstone Arsenal

Panel discussion #3 - Getting alternatives i

nto production

Chair: Robert Herron

Qualification, Authorization, Implementation
Paths & Drivers (who authorizes for different
services and applications)

Robert Herron (Redstone), Steve Battle (WR-
ALC), John Beatty (ARL), Elizabeth Berman
(AFRL), Mike Hanson (Coast
Hughes (OO-ALC), Ruben Prado (FRC SE),

Steve Brown (NAVAIR PAX)

Guard),

Nate

| Open Discussion — Action Items

Rowan Technology Group




Enclys

Corrosion Protection of Structural

Magnesium Alloys in Automotives
Wenyue Zheng, Ph.D

Senior Research Scientist and Group Leader — Materials Performance
CANMET Materials Technology Laboratory
Natural Resources Canada,
Ottawa

— - Tel: 613 992 7904

Mg in Automotive -2

Practice and Policy

- 1920s: Mg parts in racing cars
- 1936s: 20 Kg in VW Beetles (air cooling Eng.)
- 1940s: military use (vehicles and planes, etc.)
- 1970s: Energy Crisis > Lighter cars
- 1980s: CAFE (Corporate Average Fuel Economy)
- 1990s-Now: Major Research Initiatives:

- USCAR (US DOE)

: afl - Climri (Canada -NRCAN)
ladaat II - CAST (Australia), China

PELLTL - European (esp. Ger@l%)ad'éi

The USAMP Structural Cast Mg Development

Team ¢wm: . osborne, PC: D. Penrod)

Technology for Rapid
Application of Magnesium
Structural Castings

Customers: OEM’s

and Suppliers

Alfred U.

29 Suppliers
& Big 3

Magnesium in Automotive

e

I Axie foad distribution

50% Front :‘ l ~50% Rear
.—-«“/— =" Bellline — T

COURTESY OF ALAN Luo, GM (MI, USA)

MAGNESIUM — a “new kid” in

the neighborhood of metals

m Lightest of all common metals

m 78% Lighter than Steel (1.74 g/cc vs 7.80 g/cc)

m 35% lighter than Aluminum (1.74 g/cc vs 2.70 g/cc)
m low melting point >energy saving when recycled.

m One of the most abundant elements on earth (2.5% of
earth surface composition)

Corrosion: one of the challenges for Mg application
USAMP Mg Cradle Project (2001~2006):
To develop demonstration applications for Mg in automotive

Canadi

Objectives of the Corrosion & Protection
Aspects of SCMD Project:

= To study the corrosion protection properties of
commercial and novel coating systems for
magnesium,

= To select and evaluate environment-friendly
coating materials for joining application (fasteners,
washers, spacers, rivets...) that are in contact with Mg
surfaces, esp. w.r.t their galvanic compatibility,

= To assess the susceptibility of Mg alloy to stress-
corrosion cracking (SCC) and corrosion fatigue in
a typical structural application.

Canada






Effects of impurity elements on corrosion:
Fe contamination in the Mg alloys

Canada

Chromate-free Mg coatings:

- 20 different types of chromate-free products
were tested

- Test methods used: ASTM B117,GM9540P,
gravelometer testing, erosion-corrosion test

- Well-known commercial coatings included:
- Alodine 5200 with powder coat

-Keronite (early version), Tagnite, Anomag,
Magoxid with or without topcoat

-Polyurea topcoat, Hot wax coating

-Sol Gel coating

(L2
-MAGPASS+Topcoat Canada

Galvanic corrosion: various joining materials

Coated steel bolt/
Anodized Al washer

Canadi

A coating that protects against
general corrosion may not be
effective for galvanic attack:

(Anodized AM60 plate after 40 cycles)

The same anodizing coating
with a powder coat:
electric isolation of powder coating

NG T
washer

Galvanic corrosion test on AE44 alloy:
electric isolation & metallic coatings on washers

A thin mylar film






‘To coat or not to coat’ Mg alloys
used in underbody applications?

ABS modulator bracket

(uncoated AZ91)

after 7 years of service
in Detroit:

General corrosion quite
light.

Galvanic corrosion
around washers

Canada

Galvanic compatibility:
Materials with corrosion potential close to each
other are compatible

00010

Galvanic current
Between AM60&A356

0.0005 - /

Galvanic current between EAMED
& AM60 and Al-Mg i
5

‘E. o

3

-0.0008 [

00010 .

a7 8 5 a4 -3

E (volts)

Other possible modes of
degradation for uncoated Mg?

-Stress corrosion cracking
(under essentially static load)

-Corrosion fatigue
(driven by cyclic loading)

-Can be an issue for Al-containing
Mg alloys (literature data —~ASM Mg handbook)

Canadi

Results of preliminary SCC/CF testing

Test Solution: Stress corrosion cracks on main surface
GM9540P \
Max. stress:
130% yield
R value: 0.9
Secondary

ke

Freq.: 1.0 Hz e

(Loading severity likely
well above the stress
level during service)

An initiation site close to a pit: corrosion
T S M S S

¥ - ;
». &
AccV  Spot Magng. Det WD F————1 60pum

oNNES 2R ANMal SE 117

Effect of Protective Coatings on SCC life

1.0E+07

In salt solution

(Conversion treatment
+powder coat

+an anti-chipping
topcoat)

=
o
m
a
o
>
I

(Conversion treatment

+powder coat)

Cycles to Failure

=

o

m
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(=3

&
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Inair  Bare-1 Bare-2 Double-1 Double-2 Triple






Recent Development: Low-pressure

cold spray for Mg coatings
(Machines made by CentreLine, Windsor, Canada)

Powder
Feeder

Gas Heater ‘ Substrate
- ® Powder

o2y = [

Carrier Gas
Low

Pressure
Gas Supply

Delaval
Nozzle

Gas : Air, Nitrogen / pressure: 80 -120psi ( 5-9 bar)
Gas Temperature Ambient — 600°C ( 80- 1100 °F)

Particle Velocities 350 — 500 m/s Cana.d'(-’i

Also known as: Gas Dynamic Spray, Kinetic Energy Metallization
Kinetic Spraying, High Velocity Powder Deposition

m Solid-State Process

m Low Temperature - Heat Sensitive Materials
m Minimum surface preparation

m No oxidation

m Favorable Compressive Residual Stresses

m Gradient deposits —multi-layer possible

m High Density / Low Porosity

Canada

Pure Aluminum on AZ31 Magnesiifg

ada

Cold Sprayed AE1 Magnesium

Bare AE44 plate
(Mg-4%Al-4%Rare Earth)

Area of Aluminium
By cold-sprayed

ASTM B117 — Constant Salt Fog Spray (5%
Salt)

Canadi

75 hours

Conclusions:

1. Galvanic corrosion can be mitigated by isolating

Mg surface from ferrous joining materials or by coating the
joining materials with a compatible coating.

2. The anodizing coatings tested in this work did not
provide complete protection against galvanic attack,

but they effective against general corrosion.

3. Both AM50 and AE44 alloys showed improved SCC life
when coated with a powder coat following a conversion
treatment. Additional anti-chipping topcoat further increased
SCC Life.

4. New coating processes such as cold-spraying are explored
for Mg coating.

(Contact: Wenyue Zheng , CANMET-MTL)

( ) Canada
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Roadshow (option 1)

@_ﬂ'ﬂflﬁﬂ Boeing Technology
r=srnat

Cr-free conversion coatings for
Aerospace - The European Perspective
Boeing Research & Technology Europe
Dr. Nieves Lapefa-Rey & Steve Gaydos

DoD Metal Finishing Workshop
Chromate Alternatives for Metal Treatment and Sealing
May 16, 17, 2007

Conclusions from our search @

Boeing Technology | Phantom Works Boeing Research and Technology Europe

« Although the aerospace industry is still exempt, Cr has been banned in most
applications by The European Reduction of Hazardous Substances (RoHS)
directive (2002/95/EC).

* As consequence, no one in Europe is using chromate-based conversion
coatings anymore in industrial sectors other than aerospace.

« The alternative treatments are based on phosphates, permanganates, Ti/Zr
treatments, cerium-based treatments, molibdates, sol-gel and Cr Il
processes.

+ The automotive industry is mainly relaying on the use of Zn and Fe
phosphates but the amount of Al'in cars constantly decreases with the use of
composites and the corrosion requirements are considerably less stringent
than for the aerospace industry.

« In Europe industry is not open about what they specifically use.
+ The Aerospace industry in Europe (and US) is still using Cr (VI) conversion

coatings because they are not forced by regulation and they still do not have
the answer to the corrosion challenge that a full Cr-free treatments pose

Page 1

SEARCH for Commercial Products (2007) @

Boeing Technology | Phantom Works Boeing Research and Technology Europe

« Different vendors & at the European patent office

actechaero.com
w aerospace.chemetall.com .
v aeroespace.henkel.com
airbus.com «  www.gmgoodwrench.com
akzonobel-polymerchemicals.com *  www.huntsman.com
*  www.macdermid.com
wi

« wwwn
www.oakite.com
www.basf-coatings.de «  www.pantheonchemical.com

v bayer.com o www, com
casa.eads.net *  www.procoat.com

v ccponline.com *  www.rci-products.com
W circleprosco.com *  www.sanchem.com
v crayvalley.com *  www.turco-spain.com

«  http://automotive.henkel.com

www.chempol.pl
deftfinishes.com .

Conclusions from our search @

Boeing Technology | Phantom Works Boeing Research and Technology Europe

« The aerospace industry in Europe (and US) is relaying on few Cr-free paint
coatings (primers) to do most of the corrosion control and at the moment they
might be using Cr-based conversion coatings/anodizing + Cr-free primers as
intermediate step for a total Cr-free solution.

« Examples include numerous chromate free polyuretane primers and chromate
free epoxy primers from ANAC (Azko Nobel Aerospace Coatings, DEFT and
PPG being used by Air France, AEA, Aeronautica Militare, Airbus UK, Alenia,
BAE systems, Belgian Defence, etc..

* Whatever solution they are using is not just a European solution since they
are all global companies using the best solutions available world-wide.

« The European aerospace industry is still working with vendors and
researching novel Cr-free conversion coatings/anodizing solutions that can
comply with their stringent corrosion requirements because there are not
aware of anything commercially available that is attractive enough for
aerospace either here or in the US.

iresmek
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TestAlumiPlate Capabilities

Electroplated AlumiPlate® Aluminum

DoD Metal Finishing Workshop
Chromate Alternatives for Metal Treatment and Sealing

5/30/2007 www.alumiplate.com

= Material Compatibility Alloys
= Conductive & Non-conductive
= High Strength / Lightweight /

High Temperature

On F-35 A1LG
o /

Carbon Fiber Epoxy Composites
Rare Earth (NdFeB)

Titanium
5/30/2007 www.alumiplat

Programs Using AlumiPlate® Al

PROGRAM APPLICATION

B-1 Lancer - Raytheon Radar Arrays

AH-1 Super Cobra - M50 High Strength Steel

Rotor Hub Housing

M119A Howitzer - HSS Eyebolts
RQ-4 Global Hawk - 6061 Al Mirrors for Targeting

“Pluto” — ‘Black Prgm.’ - AlBeMet Gyro Housings

- Missile Cone

C-5 Galaxy - Aircraft Wheel Fuse Plugs

5/30/2007 www.alumiplate.com

AlumiPlate, Inc.

= Minneapolis, MN
m Founded 2/14/96

m Intricate Geometries
= Throwing/Covering power
= Supplementary Anodes

m Field Proven

m ISO-Compliant Systems

= HCP - TCP — NCP

5/30/2007 www.alumiplate.com

Specification

m Custom call out Bl |10 oo

= Lockheed Martin e Laps 1108
—~ LGPS 1105
= Goodrich LG GOODRICH
9

Amphenol ot

= MIL-DTL-38999K
= Amphenol

= MIL-DTL-83488D
= MIL-DTL-5541F

lqm 1 Honeywell
m Class and Type
m Electroplated aluminum Bell Helicopter Ea

BAE SYSTEMS

5/30/2007 www.alumiplate.com 4

Programs Using AlumiPlate® Al

PROGRAM APPLICATION

F-16 Fighting Falcon - Copper Grounding Straps

- Stainless Steel Fuel Mesh Screens

F-18 Hornet - Raytheon Stainless Steel
“Carriers” for Radar Arrays

F-22 Raptor - Raytheon Stainless Steel
“Carriers” for Radar Arrays
- AlBeMet Electronics Backplane
- HSS Structural Applications - LG

F-35 Joint Strike Fighter - HSS Structural Applications - LG
- Electrical Connectors

- Composite Electronic Enclosures

Mars Science Lab - Thermoelectric Power Supply

5/30/2007 www.alumiplate.com

5/30/2007





TestAlumiPlate Capabilities

Hazardous Material Minimization

m Al as a Cd replacement
= Dimensional drop-in equivalent
= Highest Performing Cd Alternative
m (better than Cd — see JCAT Data)
m Preferred technical solution for F-35
= Hexavalent chromate replacement
= TCP and NCP

m NAVAIR testing (Matzdorf, Schwartz)
= 100% RoHS compliant system
m Electroplated Al + TCP or NCP

5/30/2007 www.alumiplate.com

= Corrosion Protection (Salt & SO,)
= Galvanic Protection with mating enclosures
= MIL Spec Test Regimens
= MIL-DTL-38999K & 5015
= AS 85049
= Conductivity & Durability
® Fluids (incl. Ground Runway Deicers)
= Non-Reflective
= EMI / Lightning Strike
m Drop-In Altern: to Cadmium
u Cost / Capacity

5/30/2007 www.alumiplate.com

MIL-SPEC Revision

= MIL-DTL-38999L

= Class “P” for electroplated aluminum
m Revision out for comments

® Available with HCP or TCP

= Passes 336 hr SO, test

s Compatible with fluids/ground runway
de-icers

Commercially available through Amphenol

5/30/2007 www.alumiplate.com

HSS Cd Replacement Testing

m Corrosion - Goodrich, Lockheed, JCAT, NAVAIR, DOD/DLA

= Salt Fog : 6,000+ hrs (Cd is ~2,000 hrs)

= SO, : 336+ hrs
= Hydrogen Embrittlement - Goodrich, Bocing, NAVAIR JG-PP JCAT

= Outperforms all Cd alternatives & Ti-Cd baseline

= Eliminate 23 hour HE Relief Bake (no nickel)
m Fatigue/Adhesion/Field Repait - Goodsich

= No fatigue knock down

= Adhesion passes ASTM B-571 tests

= Same repair as IVD Al (Passes all scribe & repair tests)
m Discussions for Dem/Val in progtess

5/30/2007 www.alumiplate.com

NAVAIR Testing

MIL-DTL-38999K connectors
Aluminum and composite
Cd vs. electroplated aluminum
HCP vs. TCP

= MIL-DTL-5541F Type II (non Cr *°) Class 3
Conductivity and corrosion

= Salt fog and SO2

Al + TCP outperformed Cd + Hex Cr

Report presented Jan 2007 at JG-PP JCAT meetin
New Otleans, LA

5/30/2007 www.alumiplate.com

TCP In-House Capabi

m Inline process baths

Activation procedure

20 sec alkaline etch 150 F
(Etch Rate 0.0001” Al per min)

10 sec 10% Nitric Acid

5 - 10 min TCP 50% at RT or
TCP 25% at 90F

Air Dry

DI rinses in between steps

5/30/2007 www.alumiplate.com

5/30/2007





TestAlumiPlate Capabilities

e
d T

Before ASTM B-117 Testing

4130 Steel plated with Al per MIL-DTL-83488D Class 2 Type II
Conversion Coat per MIL-DTL-5541F Class 1A
Type I (HCP) and Type II (TCP)

5/30/2007 www.alumiplate.com

ASTM B-117 336 Hours (2 weeks)

Hexavalent Chromate Trivalent Chromate
4130 Steel plated with Al per MIL-DTL-83488D Class 2 Type II

5/30/2007 www.alumiplate.com 15

Hexavalent Chromate Ttivalent Chromate

4130 Steel plated with Al per MIL-DTL-83488D Class 2 Type II

5/30/2007 www.alumiplate.com 17

ASTM B-117 168 Hours (1 week)

Hexavalent Chromate Trivalent Chromate

4130 Steel plated with Al per MIL-DTL-83488D Class 2 Type II

5/30/2007 www.alumiplate.com 14

Hexavalent Chromate Trivalent Chromate

4130 Steel plated with Al per MIL-DTL-83488D Class 2 Type II

5/30/2007 www.alumiplate.com 16

ASTM B-11 0 urs (5 weeks)

>nt Chromate

4130 Steel plated with Al per MIL-DTL-83488D Class 2 Type II

5/30/2007 www.alumiplate.com 18

5/30/2007





TestAlumiPlate Capabilities 5/30/2007

o

ASTM B-117 1,000 Hours (6 weeks)

Trivalent Chromate Hexavalent Chromate Trivalent Chromate

4130 Steel plated with Al per MIL-DTL-83488D Class 2 Type II 4130 Steel plated with Al per MIL-DTL-83488D Class 2 Type II

5/30/2007 www.alumiplate.com 19 5/30/2007 www.alumiplate.com 20

Summary Questions

m Cd replacement = Hex Cr replacement

= Dimensional drop-in = AlumiPlate® Al + TCP
or NCP Technical Sales Manager

Gus Vallejo

= Improved corrosion resistance
m Marine exposure and SO, testing = 100% RoHs compliant AlumiPlate, Inc.
= Lower HE and EAC risks system
= Mcets NAVAIR JSF T. 888.258.6475
C. 612-801.9603

= Processing advantages
requirements

m No HE bake
» No mask/bake for HVOF finish = Commercially available F. 763-786-8518

grind after plating info@alumiplate.com
Electroplated Al + TCP vs. Cd + Hex Cr www.alumiplate.com
Higher performance
Lower lifetime costs (fewer MRO cycles)

Shorter processing times D ———
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SERDP Hydrogen Re-Embrittlement
DoE Test Plan Status

By:
Stephen Gaydos
Boeing — St. Louis

May 17, 2007

DoD Metal Finishing Workshop — Chromate Alternatives for
Metal Treatment and Sealing

Hilton Garden Inn — Layton, UT

PHANTOM WORKS =

) . @ﬂaflﬂc

ASTM Embrittlement Test

¢ Process Control Test Conducted per ASTM
F519 on Plated/Coated (and Baked) Specimens
— 7 Specimens to Choose From
« la.l, 1a.2, 1b, 1c, 1d, le, 2a (Evaluated by Boeing)
— 1b Rarely Used — Not Tested
— 1d Most Sensitive
— 2a Least Sensitive
— le Loses Sensitivity at Low H Levels
— Sustained Load (SL) Method is Typical Process
« Specimens Typically Loaded at 75% NFS for 200 Hours
— Incremental SL (ISL) Methods Being Evaluated But
Not Widely Accepted
— Cadmium Replacement Barrier Identified Test Time
* Need a 24 Hour Test Method

PHANTOM WORKS 2 58 3 @ﬂﬂf]ﬂﬂ

ASTM F 519 Specimens

1d 2a

le

PHANTONM WORKS ;F_.f) 5 @_ﬂﬂf/ﬂﬂ

DoD Metal Finishing Workshop
May 2006 — Washington D.C.

» Workshop Identified Barriers for
Implementing Cadmium Plating Alternatives

» Hydrogen Embrittlement Testing Was
Identified as a Major Barrier

— Need to Verify that Alternative Coating Process
is Non-Embrittling to HSS (Called Embrittlement
Testing)

— Need to Verify that Maintenance Chemicals on
HSS with Alternative Coating Do Not Embrittle
the HSS (Called Re-Embrittlement Testing)

FHANTOM WoRE TR s \ BOEING

Type La2

g ) Type 2a
Type 1b
o8 Type 1d

PHANTOM WORKS :e__ 4 @ﬂﬂf]ﬂﬂ

ASTM Re-Embrittlement Test

* ASTM F 519 — Annex A5

— Annex A5 Describes Different Test Method Guidelines
« “ .. .the testing protocols described in this section (Annex A5)
should only be used as a guideline. . . “
— 7 Specimen Types
— Aggressive Chemicals
» Hold at 45% NFS while Wet for ?? Time, Then Rinse and Dry
and Hold at 75% NFS for 200 hrs
— Passive Chemicals
» Hold at 45% or 65% NFS while Wet for 150 hrs
— Solution Volume, Temperature and Concentration are Undefined
— Cadmium Replacement Barrier Identified
* Need a Simplified and Standard Test Method to Re-Qualify
All Maintenance Chemicals That are Currently Qualified with
Cadmium Plated HSS Using the Alternative Coating on HSS
— Potential Cost Savings is Significant

PHANTOM WORKS sf;_’%

. () BOEING






Maintenance Chemical
Qualification

Hydrogen Re-Embrittlement -
* ASTM F519, Test Specimens
— LHE Cadmium Plated High Strength Steel (HSS)
* Wet Notch - 150 hrs at 45% NFS
— Concentrated and Diluted

/

Type la.1 Test Specimen
In Fluid Cell

FHANTOM WORKS T

@aﬂflﬂa

Iy
<

PHANTOM WORKS _;—._Ei\_‘:b 8
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Hydrogen Re-Embrittlement

« Hydrogen Re-Embrittlement Mechanism
— It's a Form of Corrosion
« Cathodic Reaction Occurs on Steel
— 2H* + 2e" = H, (gas)
« Anodic Reaction Occurs on Sacrificial Cadmium Coating
— Cd=Cd* +2e
— Parts Affected by Hydrogen Re-Embrittlement
Typically Cannot be Baked to Remove Hydrogen
« Parts are typically assembled on equipment
« Baking is 375°F x 24 hrs.

¢ Test Data Scatter is Common

— Appears to be Testing Coating Integrity or Test
Set-Up and Not The Cleaner

PHANTOM WORKS ';E_q%) @3051”5

Basic Mechanism in Hydrogen Re-Embrittlement

Paint Stripper, De-lcer, Aq Cleaner, Chem/Bio Decon, Etc.

HO+e —H+0H™
L
4340 Steal

rd

; A ‘ )
Galvanic Potential Between Steel and Cadmium
(or Cadmium Alternative) is Also Important
PHANTOM WORKS 3% 10 @!ﬂf]ﬂﬂ

Re-Embrittlement Test Issues

» Not Standardized Across the Industry —
Variations of ASTM Annex A5 Used
— Various ASTM F519 Specimens Used
» Type lL.a.1, 1.a.2, 1b, 1c, 1d, le, and 2a
— Various Specimen Immersion Methods

» Wet for 150 hrs, Wet Than Dry, Concentrated
or Diluted Chemicals

* Volume of Fluid, Temperature
— Various Loading Methods

» Tension, Bending, Sustained Load, Incremental
Step Loading (24 hours)

* 45%,65%,75% NFS, 80%YS for 150 or 200 hrs

FHANTOM WORKS s% 1

@aﬂf]ﬂa

Re-Embrittlement Testing Is Our
Tower of Babel

The Confusion of Tongues by Gustave Doré (1865)
= @505/#5

FHANTOM WORKS 2. 12






History of Re-Embrittlement Test

¢ Sustained Load and Time to Pass H-RE Test in

Water Determined in '70s by Lockheed, DAC
and Boeing

— Specimens Tested: 4340 Steel 260-280 ksi, LHE Cd Plate
¢ Results:
— la.2 Passed at 40% NFS (> 200 hrs No Fracture)
— 1c Passed at 45% NFS (> 300 hrs No Fracture)
— 2aPassed at 80% YS (> 1300 hrs No Fracture)
¢ Conclusions in ASTM F 519 (Current Standard):
— la and 1c = 45% NFS for 150 hrs is a pass
— 2a = 80% Yield Strength for 150 hrs is a pass
¢ Current Standard Test is Questionable
—la.1, 1b, 1d, 1e Added Without Testing
— Passing This H-RE Test With Water is Difficult

" @ﬂaflﬂc

DoE Test Plan Background Info

* Boeing Conducted Ruggedness Test to Determine
Precision of Hydrogen Re-Embrittlement Test Method
« Experimental Factors (ASTM E 1169)
A. surface treatment (LHE cadmium plated versus bare)
B. notch condition (bare notch root versus Cd plated notch root)

C. ratio of fluid volume to surface area of specimen exposed as
ml/cm2

D.fluid concentration in volume percent
E. fluid temperature in degrees Fahrenheit
F. fluid exposure time (hrs)

G.load (% NFS)

« Tested la.1 and 1d in Sustained Load (Water and
Aqueous Cleaners)

*RED = Significant Effect

PHANTOM WORKS

s @ﬂﬂf]ﬂﬂ

Proposed Solution to Problem

* Modify Re-Embrittlement Test Parameters in
ASTM F 519 to Insure that Baseline Cadmium
Can Pass in Water
— Conduct “Round-Robin” DoE Tests
— Use LHE Cadmium as Baseline

« Look at Cadmium Alternatives After Modifying Test
Parameters for LHE Cadmium

* Need to Determine What is Required to Have Cadmium
Pass Water Tests?

* ARL Received $100K SERDP Funding in
January 2007 to Start DoE Testing

— Boeing and ARL Also Contributing Labor to
Conduct DoE

« Richard Green Co. Fabricating Test Specimens
* Omega Research To Assist in Conducting Tests

FHANTOM WORKS =
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DoE Proposed Test Plans

Tahle 1. Control Facter Levels asd Desired Taberance

- . o

Phase |

Sem) |00%] 0
I

+
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Gaber | Hard Water | 36% Mo

. o .\ . 'prma
Ph II . . . ~ i - | Toleramce
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Phase 111

PHANTOM WORKS =

Phase | — DoE Test Plan

¢ 5 Levels — 3 Factors

— Tensile Strength v
- 140,160,210, 250 and Trizrii | [ eiommme e
260 ksi =

— Sustained Test Load

« 35, 45, 60, 75, 85% : s T80
NFS E

— Water Purity comerpoms

* Tyl, Ty IV, Soft, Hard,
3.5% NaCl

¢ 5 Specimen Types
— Repeat Test 3 Times

olefololt ¢
g

PHANTOM WORKS E;?J 7 @_ﬂﬂflﬂﬂ

PHANTOM WORKS '1%

Phase 1 DoE Test Plan (Cont.)

Table 3. Confirmation Experimental Design

A B C
‘Water
Repeat entire matrix 3x for RUN (Strength| Test Load Conductivityl Run Order|
1al,1a2, ic, le and 1d D (ksi) | (%NFs) |COmCUe ivity
(uS/em)
1
2
3
TBD
4
5
6
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Status

» $50K Spent to Order 390 Test Specimens
* Plating, Inspecting and Testing by Outside
Labs Will Easily Consume the Remaining

$50K of SERDP Funds
— ARL and Boeing Providing Labor to Make-Up
Difference
* Additional Support Would Be Beneficial
» Cadmium Plating of Test Specimens to
Begin by July 2007
» Phase | DoE Testing Begins August 2007

praniom womks ToR) 1 \ BOEING

Expected Outcome from Phase |

» Determine Which Specimen Type Gives
Reproducible and Meaningful Results

* Determine What Strength Level of Steel is Non-
Embrittling

» Determine The Load That Gives Reproducible
and Meaningful Results

* |dentify the Test Parameters That Allows
Cadmium Plated Steel to Pass Test in Water

¢ Use Information from Phase | to Conduct Phase
Il DOE Tests

FHAN M WOHRS ‘—:‘E';‘ZS

2 @aﬂflﬂa

Round-Robin DoE Test
Coordinators

» Scott Grendahl — ARL, Aberdeen

— ASTM Task Group Leader for Revising ASTM
F 519 Annex A5

» Ed Babcock — Boeing, Mesa
— ASTM Task Group Leader for Revising ASTM
F 519 Main Specification
» Steve Gaydos — Boeing, St. Louis

— ASTM F07.04 Subcommittee Chairman for
Hydrogen Embrittlement Test Methods

PHANTOM WORKS 252 ) 21
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File Attachment
Gaydos - ESTCP Hydrogen Embrittlement Testing Study.pdf
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— Breakout Session
Pretreatment of Al and Mg Alloys
— Structural and Electronic =

DoD Metal Finishing Workshop

ton - .
May 17, 2007
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~ = Focus on préﬂ%ﬁt_?h_er]ts

_E—_ - . . .
— Primers and Inhibitors are related but not

Specific to discussion

= Applications on structural alloys and
castings

iE-M and-depot/repair/rebuild Qp‘e_@;jp‘w

e






Ve Unwmm Alloys

i VAl e i i ol
= Current processes are common for all alloys
= Dow 7 for mfg, Dow 19 for repair/rework
= Requirements: - =

— Corrosion protection

= Standalone
— Needed for “in process” protection of parts

= Painted/coated

= Performance of parts in service





e ———

— = Tagnlte and Kirenite are OEI\/I processes =

e ——

— Brush Tagnite Is a difficult process

= Performance equivalent to Dow 19
= Tagnite + Rockhard performs well on selected parts;.
— Barrier coating important for corrosien pretection

= Aluminum cold spray or electroplate for protection
‘galvanic protection?

-

rocess used in repair/rework
— TCP as conversion coating for both Mg and Al??





= Mg specifiC‘réSiﬁ*gystems_for barrier

r-‘

properties
— Nonchromate inhibitors for Mg and barrier

— Damage resistant coating
= Powder coat?
= “panther grip” + barrier system’?

In
strength aluminum casting materlals






Alurninurn Alloys

_—_.-- —

= Structural ?h?%mpenents
= 6061
= 7075 (7050)
= 2024 (22219,2124), LiAl (2219,2195)
= 3XXX, DXXX

= A356, A380
used for all alloys

pair/touchup
— Detalil parts and assemblies





regories of Use

R

C‘ ponent‘ﬁaﬂg'aﬂdassemblles
Immersmn tankline

= | arge assemblies, mold line/exterior
— Paint/repaint of aircraft, ships, vechicles
— Shuttle external tank






Conversion C

~ = Adhesion S—
~ — Organic coatings to Aluminum
= Corrosion protection

— Standalone for process and some applications

— Class 3 for low electrical resistance
= Standalone corrosion resistance implied

= Compatible with mixed metal assemblies
inimizes masking.and/or remoeyva

— Which alloys? Procedures? .






NornCrirornzte Corlversiorn Cozttlrigs

e R —

_—— —
— _— ' —

= Alternatives
— TCP. (NAVAIR, 4 vendors)
— NCP/IrTCP (not for all alloys)
— Boegel (3 vendors) _

— Prekote

= Application methods -
Alllcan b T —
el can be used In Immersion tanks

= All require chromated primer when painted






acls for Noncrcc

= G”n undersrarmmgﬂf interaction of

cleaning and deoxidation with TCP and

others
— Interest in all alloys including LAl an@:7xxx

= |nteraction between NCr inhibitors and

£ait-ings—with MCTCE s *
= —ﬁ

i





Critical for DoD rriolerneritetior)

— -'=—"__——

D”velop StFHtETjFS for |mplement|ng new

.-=——""-‘
technologies

— Needs to be at least service wide
= AF, Navy, Army

— Support incremental technology insertion

= Define classes of applications where performance ‘
lequire are met > ——4






		Breakout Session�Pretreatment of Al and Mg Alloys – Structural and Electronic

		Scope

		Magnesium Alloys

		Alternative processes

		Needs for Mg

		Aluminum Alloys

		Categories of Use

		Conversion Coating Requirements

		NonChromate Conversion Coatings

		Needs for NonCrCC

		Critical for DoD Implementation



File Attachment
Breakout Session 1 - Light alloys.pdf


Steels & Galv. Steels

Army Specs:
Zn Phos or Wash Primer
+

CARC Primers & Topcoats
(epoxy primers, polyurethane topcoats)

Need alternative for wash primer (has Cr+6) for small
shops, depots, and re-work

Robust process that can allow for large process
window

Look at the whole process





o Uniprep pretreatment for powder coating
— Requires standard spray-phos facilities
— Qrganic coating





Potential

e Tri-Chrome process change to spray or
wipe (not currently COTS)

e Coatings Similar to Zn Flake (requires
heating, high VOCSs)

 \What can we learn from the adhesion
promters in the Zn Flake, but put in a low
temp curing package.





		Steels & Galv. Steels

		Potential



File Attachment
Breakout Session 2 - Steels & Galvanize.pdf


Breakout Session 3
Non Hex Cr Treatments for
IVD/Electroplated Al, Zn, Zn Alloy
Coatings

By:
Steve Gaydos
And
Lorraine Wass
May 17, 2007





Treatments for [VD/Electroplated Al

 Metalast TCP HF Qualified on Alumiplate
— 2510 50% at RT
—25% at 90 F

o All MIL-DTL-81706, Ty Il TCP Materials
Should Work on Al Coatings
— Pure (99% Aluminum) to Treat with TCP
e Henkel
« CST SurTec

e Luster-On
 Metalast





Treatments for [VD/Electroplated Al

e Other Non TCPs That Offer Corrosion
Resistance

— Iridite NCP (Meets Ty Il, Class 3)
— Alodine 2000 (TD-3095 Seal)

— Sanchem 3300 + 3400 Permanganate — Silicate
Process

e Other Non-TCPs With Good Paint Adhesion
Only
— Boegel, Alodine 5700, PreKote

* Anodize or Oxide Coatings
— Ty IC (BSAA), Il (SAA), IIB (TSAA)
— EC2





MIL-DTL-5541 Issues for Al
Coatings

« MIL-DTL-5541 Still Required 2024 for
Monthly Salt Spray

 Need to Change 5541 to Read Like MIL-A-

8625 for Anodize

— Corrosion Test with 2024 or Predominant
Alloy Used That Month





Zn — Zn Alloy Coatings

« Many To Choose From — Mature Technology

— Generations
* | —Inorganics (Good for Zn Alloys)
e |l — Il — Organics w / wo Cobalt

* |V — Nanoparticles — Silica
— Taylor for Needs — DoD Needs to Specify What They
Want
* Thickness, Elec Properties, Lubricity, Corrosion

— Technology is Off the Shelf

 Work with Vendors
— SERDP - ESTCP Projects





Zn — Zn Alloy Coatings

 No Mil Spec Needed for These
Treatments
— Cd Plate Spec Required 96 hr SS
— Need to Specify Additional Requirements

e DoD Should Select Non-Cobalt Versions

for Evaluation
— Avoid Future Regs






Installation of Non Hex Cr Systems

Tighter Controls
— pH, Temp, Concentration

Process Less Forgiving
— Pay Attention to Detalls

Contamination
— Remove Old Cr Tanks and Systems

Non Hex Cr Costs Are Higher

— Chemical Costs are Higher

* Need to Use Technology to Extend Bath Life This Exists for
Zn Alloy Systems





Issues for Insert of NonHex Into
DoD

e Non-Cr Primer

— Need Hex Cr Surface Treatments to Make
Non-Cr Primer Work

e Progress Being Made But Not There Yet





Reliability of Non Hex Treatments

« Zn Alloys Treatments Very Reliable
— Long History With Automotive Industry

o Al Coating Treatments Very Reliable (Not 2024)

 Touch-Up
— Zn Alloy Coatings
* Not Typically Done But Possible (Check with Brush Platers)

— Al Coatings
» Metalast is Brushable
o CST SurTec Has Pen Applicators for Their Version
* Henkel is Qualifying Alodine 871 Touch-N-Prep Pens





What Needed to Implement

* Al Coatings

— Drop-In Replacement
e Use MIL-DTL-81706, Ty Il
e Check out Non-Cr Primers

e Zn Alloy Coatings

— Need to Repeat All Work Done with Hex Cr on
ZNn-Ni





		Breakout Session 3�Non Hex Cr Treatments for IVD/Electroplated Al, Zn, Zn Alloy�Coatings 

		Treatments for IVD/Electroplated Al

		Treatments for IVD/Electroplated Al

		MIL-DTL-5541 Issues for Al Coatings

		Zn – Zn Alloy Coatings

		Zn – Zn Alloy Coatings

		Installation of Non Hex Cr Systems

		Issues for Insert of NonHex Into DoD 

		Reliability of Non Hex Treatments

		What Needed to Implement



File Attachment
Breakout Session 3 - Coatings.pdf


DoD Corrosion
Prevention and Control

Introducing Products to DoD
Utilizing OSD’s New Specs &
Standards On-line Tool

November 2006

0060 :

Background:

¢ In order to adequately perform the DoD
Corrosion Prevention and Mitigation mission, ...,
DoD established an overarching Corrosion
Prevention and Control Integrated Product Team
(CPCIPT) and Working Integrated Product
Teams (WIPTSs) to implement strategies,
determine objectives and develop and execute
plans, procedures and roadmaps.

DoD Corrosion Organization

DUSD, Logistics and Material
Readiness

i__| Director, Defense Research and Engineering
5 DUSD, Science and Technology

DUSD, Installations and
Environment :

I
IPTs [ ob corrosion Prevention and Control IPT_|

Policy and Impact, Metrics and
Requirements Sustainment

Communication and Faciliies

Science and
Technology

Training and ‘Specifications/Standards and Product
Doctrine Qualification

Outreach

IPT member representatives
« Army Corps of Engineers

« Joint Staff/J-4 « Joint Council for Aging Aircraft
- Army + National Aeronautics and Space Administration
« Navy « United States Coast Guard

« Air Force « NACE

« Marine Corps - SSPC

- DLA - GSA

Specification, Standards, and Qualification
Process WIPT
« Establish, refine, and develop a process for implementing a

standardized, streamlined, and significantly improved method of
assessing and introducing new technologies and products .

— Provide SSQP information and processes via the DoD
information and data exchange website.

— Improve inter-service standardization, communication, and
coordination...

— Facilitate manufacturer’s “path forward” for product introduction

Defense Standardization Program (DSP)

DoD 4120.24M — Goals:
* To Improve Military Operational Readiness
— Interoperability of Systems, Logistics, Reliability,
Maintainability, Safety, Modernization and Quality
* Reduce Total Ownership Cost
— Reduction of nonstandard materials, processes and
components, Common Processes, Increased
Competition, and Reduced Training
¢ Reduce Recycle Time
— Standardized Items, Identify Interchangeability for New
Technologies, etc.

DoD 4120.24M — Functions:
« Establishes the Qualification Program
« Defines how Products are Specified

(www.dsp.dla.mil) s

Defense Standardization Policy Flow Down

Dol 4120.24-M

Datanss Standsrdization Program
[D5F)

- A
—

e ° © abi

THE D00 GUALIIEATION PROGRAM
ke e

Provisions Goveming Gualitication

Title 10 U.S.C. Sections 2451 — 2457






How are Products covered under the DSP

+ Formal Qualification (Qualified Products List) (SD-20, SD-6)
« Performance (PRF) or Detail (DTL) Specification
+ In General, Most Specs do not have Qualified Products Lists (QPL)
+ Non Government Standard (NGS) (SD-9)
+ Can be Adopted if Technically Adequate for DoD Needs
+ In General, Most NGS do not have an associated QPL
+ Commercial Item Description(CID) (SD-2, SD-5)

. ’Ff‘or Existing Suitable Commercial Products where an appropriate NGS Does
ot Exist

+ Not Used to Encourage Development of Product (no QPL Testing)
* Non Developmental ltem (NDI) (FAR, SD-2)
« First Article Inspection (Acceptance Testing) (FAR)
» Purchase Description (SD-2, SD-5)
« When preparation and maintenance of a specification is not cost effective
+ For small dollar purchases under $25,000
« For one-time buys

)

e -~ 3 Www.dodcorrosionexchange.org

o e

DoD Corrosion Exchange

B Bl |
——

SSOP Product Introduction Process

* The SSQP WIPT Identified 3 areas of the product
introduction process to address:
— Phase I

« Establish a single point source of information on product
introduction and populate with SSQP information and resources

+ ldentify, categories, and assess pertinent corrosion specifications

« Status: Deployed Dec 2004

— Phase II:

« Develop a resource to explain the existing production introduction
paths for products covered by existing specifications or standards.

« Status: Deployed July 2006

— Phase llI:

+ Develop / Define a product introduction process to facilitate the
introduction of new products or product applications that are not
covered by existing specifications or standards.

« Status: Development in Progress

www.dodcorrosionexchange.org 8

Information on
Selling to the
Government (GSA),
Military, etc.

T ITRS Ty e sitives deiris-mo o e — sitives

Phase Il Web Tool Overview

Link to Product Information
Sheet and Specification
Search Tool

Qualification Authorization

- Meets Minimum Specified - Approves Product’s use
Requirements (QPL) for a specific application
- Acceptable for where - Used for new products or
specification is approved g;fifgtriﬁm i‘(’)ﬂ'{'ﬁgons of
for use in Tech Orders, gp

Manuals, Drawings, etc.) - Path to Auth_onzatmn
- ; - Lab testing
- Does not insure/promise i
procurement (i.e., Must z F'e_ _prqtotype_ _
follow standard GSA, - Verification/Validation
DLA, etc. procurement - Data analysis and use
processes envelope definition

- Authorization letter, Local
Process Spec, Tech Order
or Manual, etc. Issued

- Qualification does not
automatically mean
Product Authorization






The Product Introduction Process

< Information / Data [ >
Capture

SSQP PHASE Ill Flow Diagram

- —_

- « ==

Product Authorization
Scope of authorized usage
evaluated/established,

Broader applications investigated,
Logistics and
supportability considered,
Spec/CID/ Etc. developed.

Questions???

16






File Attachment
Herron - Introducing Products to DoD Thru Specs & Stds Tool rev3.pdf


DoD Corrosion
Prevention and Control

Introducing Products to DoD
Utilizing Specifications and
Standards

DoD Metal Finishing Workshop
Layton, UT
17 May 2007

0060

Product Introduction Process for Existing
Specifications and Standards

1.  Does the product meet the
requirements of an existing
specification? (YES / NO / MAYBE?) |

2. If YES, then what is the product
introduction path applicable to
the specification?

3. What is the process for the -
particular path? 1

Product Introduction
Process

DEFENSE STANDARDIZATION
PROCESS

How are Products covered under the DSP

« Formal Qualification (Qualified Products List) (SD-20, SD-6)
+ Performance (PRF) or Detail (DTL) Specification
+ In General, Most Specifications do not have Qualified Products Lists (QPL)
Non Government Standard (NGS) (SD-9)
+ Can be Adopted if Technically Adequate for DoD Needs
+ In General, Most NGS do not have an associated QPL
Commercial Item Description(CID) (SD-2, SD-5)
+ For Existing Suitable Commercial Products where an appropriate NGS Does Not Exist
+ Not Used to Encourage Development of Product (no QPL Testing)
Non Developmental Item (NDI) (FAR, SD-2)
First Article Inspection (Acceptance Testing) (FAR)
Purchase Description (SD-2, SD-5)
— When preparation and maintenance of a specification is not cost effective
— For small dollar purchases under $25,000
— For one-time buys

.

Defense Standardization Program (DSP)

DoD 4120.24M — Goals:
* To Improve Military Operational Readiness
— Interoperability of Systems, Logistics, Reliability,
Maintainability, Safety, Modernization and Quality
* Reduce Total Ownership Cost
— Reduction of nonstandard materials, processes and
components, Common Processes, Increased
Competition, and Reduced Training
¢ Reduce Recycle Time
— Standardized Items, Identify Interchangeability for New
Technologies, etc.

DoD 4120.24M — Functions:
« Establishes the Qualification Program
« Defines how Products are Specified

(www.dsp.dla.mil)

How are Products covered under the DSP

+ Formal Qualification (Qualified Products List) (SD-20, SD-6)

« Performance (PRF) or Detail (DTL) Specification
+ In General, Most Specs do not have Qualified Products Lists (QPL)

* Non Government Standard (NGS) (SD-9)

+ Can be Adopted if Technically Adequate for DoD Needs
+ In General, Most NGS do not have an associated QPL

+ Commercial Item Description(CID) (SD-2, SD-5)

« For Existing Suitable Commercial Products where an appropriate NGS Does
Not Exist

+ Not Used to Encourage Development of Product (no QPL Testing)

* Non Developmental Item (NDI) (FAR, SD-2)
« First Article Inspection (Acceptance Testing) (FAR)
« Purchase Description (SD-2, SD-5)

+ When preparation and maintenance of a specification is not cost effective
+ For small dollar purchases under $25,000
+ For one-time buys






What is a Qualified Products List?
SD-20 (Section 5)

¢ A QPL is a list of products (and their manufacturing site)
which have been tested and certified to meet the minimum
specification requirements

* A QPL allows the manufacturer to provide and the
purchaser to obtain satisfactory pre-contractual evidence
that a product meets specification requirements

* QPL’s simplify the procurement process and reduce
acquisition/procurement lead time

* QPL's reduce test costs by minimizing redundant, long, and
expensive tests

* QPL’s provide a source for continuous availability of reliable
products

Non Government Standards (NGS'’s)

Can be adopted when technically adequate to

meet government agency needs (4120.24-M, AP
3.6.1)

¢ Ex: SAE-AMS, ASTM, etc.

« Through participation the government shall
ensure that future revisions, amendments, and
changes meet agency needs ( AP 3.6)

* Ex: SAE Committee Week

» Not necessary to adopt updates to NGSs
(SD-20 Section 8)

Commercial Item Descriptions (CID’s)
(SD-20 Section 8)

* When NGS does not meet Gov. needs a CID or
Fed. Std./Spec. may be developed (4120.24M,
AP 5.2.1)

« After NGS's the CID is the document of choice for
buying commercial products ( 4120.24M, AP
4.2.1)

* Not used to encourage product development

» For repetitive acquisitions greater than 25k
annually (4120.24M, AP 4.2.1.3)

e For small commercial purchases a purchase
description could be used (4120.24M, AP 4.2.1.3)

NDI (Non Developmental Item)

Previously Developed Item used exclusively for
Government Purposes (FAR)

Any item that needs only minor modification to
meet government needs(FAR)

Items fully developed and in production, but not
yet sold and in use (FAR)

CID preferred over NDI when possible (SD-2)

10

First Article Testing

¢ What is it? SD-20 (Section 8)

— Is the evaluation of a contractor’s initial, preproduction,
or sample model or lot to ensure that the product
conforms to all contract requirements.

* When is it appropriate? (FAR 9.303)

— When a manufacturer has not previously furnished the
product to the government

— Product has undergone subsequent changes

— Production of product is discontinued for an extended
period of time

— Previously procured products have developed problems

11

Purchase Description

* What is it? (SD-2, chapter 2)

— A statement outlining the essential characteristics and
functions of an item, service, or material required to
meet the minimum needs of the Government These
are used to competitively solicit and contract for an
item.

e When is it used? (4120.24M, AP 1.73)

— When a specification is not available or when specific
procurement specifications are not required by the
DoD

— For small dollar purchases under $25,000

— For one-time buys, when development of a
standardization document is not cost effective.

12






When Not to Standardize
(4120.24 C3.5)

* When Technology is Rapidly Evolving (e.g.
Electronics)

« If Design Flexibility/Innovation will be Stifled
(e.g. Software)

» Common Commercially Available Items (e.g.
Standardization is Not Needed to Ensure
Interoperability or Parts Interchangeability)

13

Defense Standardization
Program

Example
Product Qualification

Program

What Is It and How Does It Work?

15

Defense Standardization Policy Flow Down

Dol 4120.24-M

Detente Standsedzation Program
/ DsP) \
Policies and Procedurss o
Program Provisions

e ° () abs

Provisions Geveming Gualitication

Title 10 U.S.C. Sections 2451 — 2457

Qualification Documents

e SD-20 The DoD Qualification -

Program @
— How to implement a qualification
program

* SD-6 Provisions Governing | ...
Qualification : ﬁ:
— Guidelines governing materia] —=- i

submission/qualification

16

What is Product Qualification?
SD-20 (Section 1)
Product Qualification is a Legal Process
» Process of Testing Products, Processes, and Materials for
Conformance to Specification Requirements in Advance
of and Independent of a Specific Acquisition
» A Specification is a Document that Describes the
Minimum Essential Technical Requirements for a Product,
Process and/or Material
» DoD Specifications and Standards can be found on
ASSIST ( )
* Quick Search at www.assistdocs.com
e Product Qualification may not mean Authorization

— Product use for an application may require additional authorization
from the Cognizant Engineering Authority (i,.e., lab testing,
demonstration/validation testing, etc.)

17
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ASSIST Quick-Search Webpage
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Qualified Products List
(SD-20 (Section 2)

A QPL is a list of products (and manufacturing
sites)

Meets minimum specification requirements
Provides a continuous source of reliable products
QPL’s standardize requirements prior to
acquisition:

— All suppliers must meet the same requirements

— Ensures fair competition for contract bids

20

Procurement & Authorization
(SD-20 section 10)

QPL listed product may be procured under any
acquisition guidance that calls out the specification

* QPL listing does NOT imply or grant authorization for
implementation, outside the boundaries of the
technical drawings, manuals, and instructions

* Independent of QPL listing, implementation
authorization may required by the cognizant
engineering authority for distinct DodD applications

21

What Qualification Does Not Do
(SD-6 pg 4)

Does not relieve the supplier of contractual
obligation to deliver items meeting all specification
requirements

Does not relieve OEM of contractual obligation to
ensure that delivered items comply with all
specification requirements

Does not guarantee acceptability under contract
Does not waive any requirements for inspections
Does not waive any requirements for maintaining
quality control measures

22

QPL BASIC PROCESS FLOW

Specification
Released (1)
Manufacturer Requests
Qualification (2) 1
Gov. Grants Permission to
Submit (3)
Qualification Testing
Conducted (4)
Plant Site Audit (if
applicable) (4a)
Gov. Reviews Test
Results (5)
Gov. Issues/ Denies
QPL (6)

23

1
2

<

Qualification Process Steps
(SD-20 section 10)

Specification Released

Manufacturer Requests Qualification
a. Formal Request Via Letter to Qualifying Activity

Government Grants Permission to Submit for Qualification

a. Formal Permission via Official Qualifying Activity Letterhead from
Authorized Signature Authority (Branch Head/Division Head, etc.)

b. Letterhead Includes 3 Enclosures
1. Sample Submission Instructions — How much, Where to Ship, etc.
2. Copies of the Relevant SPEC/STD and the SD-6 Regulation

3. Can Also Include the Schedule/Cost Estimate for Testing,
Intent/Schedule for Manufacturing Facility Audit

24






ABC Company
3571 Any Street
Somewhere, USA
(135) 246-0987 April 3, 20XX
Department of the Testing of Stuff

Attn: Chief Officer

Bldg. 3333, Suite 4444

Anyplace, USA 12345

Dear Mr. Tester,

I request permission to submit samples of our product,
“Good Stuff 3", for qualification to MIL-PRF-XXXX, Type Y, Class
G requirements; to be evaluated by WE TEST IT Laboratory, Inc.

Sincerely,

Mr. I Sellit

Mr. | Sellit

Sample
Manufacturer
Request
Letter

(SD-6 pg 5)

Official Letterhead

DEPARTMENT OF THE GOVERNMENT

Sample

; Submission Letter
123 Main St
Anytown, USA

Atin: POC
Any Street

Dear POC:

Manufacturer

Somewhere, USA

n Response Refer To
4123 Ser# xx Traceable Document
qos o o P
fae — Serialized & Dated

Grants Submission —

rIncludes Date of Formal
Request or Receipt

P  of date, informa dures for qualiicat
forwarded as enclosuee (1) and (3. PelTisson < raned o subited References
STORE i Placas oo s At 3 or subrision o safles Testing/Qualifying Activity
e and MIL-SPEC
1fyou have questions regarding qualfication, lease contact . U, Sam by
phone at (123) 456-7890, or Contact thi office 1n wriing, e e ent
Sincerely, POC & Contact Information
Authorized Signature
Authority
26

25
In Response Refer To:
4123 Ser# x.x
Date
Sample
Attn: POC - .
Submission
Somewhere, USA I nfo
Dear POC:
Submission Instructions
Per your request of date, information on procedures for
qualification is forwarded as enclosures (1) and (3). Permission is (Where/How Much)
granted to submit samples to XX Labs for qualification testing to
MIL-PRF-XXXXD, Type II, STUFF, Exterior. Copy of SD-6
Please comply with enclosure (1) for submission of samples for
testing, Copy of MIL-SPEC
Sincerely,
Encl: (1) Submission of Samples for Qualification Testing
(2) Provision Governing Qualification, SD-6 of Aug.
1999
(3) MIL-DTL-XXXXD, Type Il, STUFF, Gizmo
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Qualification Process Steps (cont'd)

4.  Qualification Testing Conducted

a.

b.

C.

d.

Is the Company the Original Manufacturer or a Distributor (SD-6 pg 5)
1. Distributor will certify authorization from qualified manufacturer to Re-brand
2. The Qualifying Activity May QPL a Re-branded Product without Retesting

Plant Site Audit (if applicable) (SD-6 pg 12)

1. The Qualifying Activity may inspect the Manufacturing Facility

2. For New QPL/Product, First-time Manufacturer, or for Quality Control at the
Government's Discretion

Testing is conducted according to the Specification by the Qualifying

Activity and/or a Certified, Independent Laboratory

1. The Qualifying Activity may Re-qualify an already listed Product based on the
Manufacturer's Certification and/or the Manufacturer's Internal Test Data

Qualifying Activity Will Stop Testing/QPL Process for Products that Fail to
Meet Any Specification Requirements (SD-6 pg 13)
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Qualification Process Steps (cont’d)

5) Government Reviews Test Results (SD-6 pg 24)
a. Laboratory/testing POC generates product test report

b. Qualifying Activity may perform conformational testing of

independent lab results

c. Qualifying Activity's Signature Authority reviews test report
6) Government Issues/Denies QPL (SD-6 pg 24)

Qualifying Activity issues a product qualification letter
Qualifying Activity issues a QPL for Products that meet All

Specification Requirements

c. The Qualifying Activity can only waive full qualification to a
specification’s requirements under one of the following conditions:

1. Mission/Life Critical Need

2. Inthe Case of a Sole Source QPL
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Sample Qualification Letter

Manufctrer

City, St Zip

or.ror,
This eter Vo xx12340, L

'DEPARTMENT OF THE GOVERNMENT
(OFFICE OF STUFF
PAPERWORK HEADQUARTERS

NYTOWN, USA 12345

(SD-6 Pg 13)

az
Sera9.uvYY
dimontiyyyy

/

Traceable
Document —

DTLXXXXD, Tye I, STUFF, Airerat Exterior.

Serialized & Dated

Lising oo
Wihin 14 days from ihe et o his et of any iscrepancy.

—

Government.
Designation

Manufacturer’s Manufacturer's Name
Designation Qualfication and Add
Reference

Manufacturer & POC

Typell

XX-1204-D. This Letter ABC Company.

PO Box 1234
Anytown, XX 12345
Plants:

e Signed by Authorized
Signature Authority

8901 That Street
B Beach, XX 24679
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Sample Qualification Letter

DEPARTMENT OF THE GOVERNMENT
OFFICE OF STUFF

e (SD-6 pg 13)
sesoxony Includes Product
Mt Name/Manufacturer
o pox
G S 2 | References MIL-SPEC
e, Xx 1234, . States Qualification Status &

DTLXXXXD, Type I, STUFF, Aireraf Extrior

Gives Example QPL Listing

Wit 14 days o the date of tis e o any cscrepancy.

QPLuoocs
QUALIFICATION CERTIFIED i s Y
JANUARY 1885 SUPERSEDING

QL2

01 March 1774
QUALIFIED PRODUCTS LIST
oF
PRODUCTS QUALIFIED UNDER MILITARY SPECIFICATION
MIL-STD-XXXXN
‘Compound: Cleaning, Military Things

“This list has b for use by or for in the acquisition

d such lsting of intended of the
product by the Department of Government.. All products listed herein have been qualified under the
equirements for the product as specified in the latest effective issue of the applicable specification, This lst
s sublect to change without notice; revision or amendment of thislist will b issued as necessary. This
listing of a procduct does ot release or the obligation of ply with the
specification requirements

THE ACTIVITY RESPONSIBLE FOR THIS QUALIFIED PRODUCTS LIST IS THE OFFICE OF
PAPERWORK, DEPARTMENT OF GOVERNMENT, 123 ANYSTREET, SOMETOWN, USA 98765,

Qualified
Product
List

Tt oo Lists Product

PO Box 1234
Anytown, XX 12345

Designation

Plants:

Khoen a0 Lists
Manufacturer/Address

B Beach, XX 24679

Lists Qualified

Manufacturing Sites  ,;

Government Manufacturer’s Testor
Desigration Desigration Qualification
Reference

Manufacturer's Name
Address

Typell Xx12340 This Letter ABC Company.
PO Box 1234
Anytown, XX 12345

Plants

567 This Street
A Beach, XX 67890

8901 That Street
8 Beach, XX 24679

DISTRIBUTION STATEMENT A: Approved for bl elease; disrbution s unlimited 32

Government Responsibilities

Develop/Coordinate Specification
Address Comments and Release Specification
Publish/Evaluate/Distribute Specification

Advertise for Applicants and Conduct/Monitor
Testing

Approve/Disapprove QPL/QML
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Government Responsibilities (cont'd)

 Periodically Review Product/Process (SD-6 pg 18)

» Detect Changes in Manufacturer's Process (SD-6 pg

17)
- i.e., Product change, Nonconformance, etc.

» Evaluate Changes and Retain/Remove from

QPL/QML (SD-6 pg 19-21)

* |Issue Qualification/Natification upon Successful

Completion of Requirements (SD-6 pg 13)

34

Manufacturers Responsibilities

Supply Production Batch for Testing (SD-6 pg 6)

Meet ALL Requirements of Specification (SD-6 pg 5)

No)t Apply for Retest until Product Corrected (SD-6 pg 6 &
24

Not State that DoD Preferentially Endorses Product (SD-
6 pg 6)

Notif)y QA of Changes in Process/Location/Material (SD-6
pg 6

Provide Certification (DD Form 1718) (SD-6 pg 6)
Have Effective Self Audit Program (SD-6 pgl12)

35

DD Form 1718

Certification of Qualified

Products
(SD-6 pg 6)
| E— | LI |

* At2-Year Intervals, the Preparing |
Activity shall send a DD Form
1718 to the Manufacturer

* The product is manufactured at
the same plant/ under same
management, conditions, |
materials, design, part number

* The product meets the
requirements and tests of spec.

* Unapproved product changes
reguire justification/data to make |y
a decision on the status of the it C S
qualified product s T
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Reasons for Removal from QPL
(SD-6 pg 20)
* Product No Longer Meets Specification
Requirements
e Manufacturer Requests Removal
* Failure to meet a change in the specification
requirements

» Change in Manufacturing Process/Location
Without Notification

» Product Manufacturing Vendor is
Barred/Suspended/Ineligible

» Manufacturer has Violated Advertisement
Restrictions

» Performance/Quality/Reliability Problems Are
Detected
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OPL Removal Example

e Complaint of material failure from the user in the field

Investigate alleged material deficiencies

Retest the material

¢ Product does not meet the requirements of the
specification

¢ Address the failure with the supplier

« Company can't/won't correct the unacceptable
material

¢ Removal from the QPL

38

QPL Removal Example

Specification is revised and the requirements changed

A manufacturer’'s material on the QPL no longer meets
the requirements of the spec.

The Qualifying Activity notifies the manufacturer that
their product no longer meets the requirements of the
spec.

The manufacturer notifies the Qualifying Activity that
they cannot meet the new requirements of the spec.

The Qualifying Activity removes the product from the
QPL
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Reasons for Re-Qualification
(SD-6 pg 19)
* Any changes to a current QPL product requires approval
and/or re-qualification by the qualifying activity

» Adding/moving manufacturing site(s)

« Ingredient/process change

 Product renaming/re-branding

» Management change

*Specification requirements have been modified
*Questionable performance reports

NOTE: Conditions above allow for immediate approval
for full re-qualification testing

Product is now Qualified

¢ Product Authorized to be used in any
application for which the specification has
been approved

» Procurement occurs through standard
procurement process

a4

Information on

Selling to the e £t

Government (GSA), |- - =
Military, etc.






For Products NOT Covered by Existing Specifications
and Standards

1. Does the product meet the
requirements of an existing
specification? (YES or NO)

2. If YES, then what is the product
introduction path applicable to
the specification?

3. I NO, then what is the product
introduction path?

|
2007/2008 SSQP WIPT 1
Effort

SSQP WIPT PHASE Ill Flow Diagram

— -

Product Screening
Initial critical tests are performed,
Data is reviewed and
Determination to proceed or

Product Characterization
and Evaluation
Extensive test program

Product Authorization
Scope of authorized usage
evaluated/established,

icati i i is developed,
[Broader applications investigated, B .
Logistics and Test program executed,

Results are evaluated,
Determination to proceed or
not to proceed.

supportability considered,
Spec/CID/ Etc. developed.

Phase Il Sub-processes

 Product Definition
— Supplier submits Product Information Form via web tool
— Admin POC ensures PIF is complete and makes initial
determination as to product/ technology category
— Admin POC determines agency interest
« Agency Interest: Establishes Technical team and or Lead POC
+ No Interest: Admin POC notifies Supplier
— Tech Lead/Team review information
Is more info needed? (contact supplier)
Is Pr;)duct covered by an existing spec? (direct supplier to pertinent
spec;
Is there agency interest in proceeding? (proceed to product
screening)

.
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Supplier
1 SSQP WIPT
Submits
e oc

Product iy
Info Form (Admin Only)

i

Tech Lead/Team
Determines:
Is More
Data/info
Needed?

1

Tech Lead/ Team
Review of i
(Do we proceed forward?)

Phase Ill Sub-processes

¢ Product Definition

¢ Product Screening
— Initial critical tests are performed, data is reviewed by Tech
Team and agency interest is evaluated.
¢ Product Characterization and Evaluation
— Extensive test program is developed, test program executed,
results are evaluated by Tech Team, agency interest is revisited.
« Product Demonstration/Validation

— ldentification of demonstration/ evaluation platform,
determination of field testing, results reviewed by the Tech
Team, agency interest and additional funding issues revisited.

¢ Product Authorization

— Scope of authorized usage evaluated/ established, broader
applications investigated, logistics and supportability considered,
Spec/CID/ Etc. developed
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Product Qualification

Vs

Authorization / Implementation
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Qualification Authorization

- Approves Product’s use
for a specific application

- Used for new products or
different applications of
existing products

- Path to Authorization
- Lab testing
- Field prototype
- Verification/Validation
- Data analysis and use

envelope definition

- Authorization letter, Local
Process Spec, Tech Order
or Manual, etc. Issued

- Meets Minimum Specified
Requirements (QPL)

- Acceptable for where
specification is approved
for use in Tech Orders,
Manuals, Drawings, etc.)

- Does not insure/promise
procurement (i.e., Must
follow standard GSA,
DLA, etc. procurement
processes

- Quialification does not
automatically mean
Product Authorization

R AR Sample
Authorization

Ser 49xxXIYYY

dd/monthiyyyy
From: High Muckiy Muck,Government Letter
To: Distribution
Subj:  Government Implementation Plan for Stuff, Type 11l Conforming to % .
MIL-STD-XXXX Applicable Testing
Ref:(a) Government Implementation Plan for Your Product ™l and Usage
References

(b) Engineering Laboratory Report, “Performance Evaluation ~ of Stuff,”
LR04_00Z

(c) Engineering Laboratory Report, “Field Testing and Validation of Stuff,”
LROY_00X

(d) Additional Reference Materials

Restrictions
t—| Governing
Implementation and

3. Based on this data, the government extends the authorization in reference (a) Use
to the use and applications described above.

1. Reference (a) authorized the use of Stuff qualified to Federal Standard FED-
STD-YYYY, for government applications.

2. References (b) and (c) contain the results of laboratory and field testing by
the applicable federal and military agencies.

4. The points of contact for this issue are Mr. Middle Manager, Department of
Paperwork.

50

Generic Authorization/Implementation
Requirements

* Implementation Path (generic example for Aerospace
products)
« Lab validation of product, process and performance

» Field validation of product, process and performance
« In a relevant operational environment

» Implementation
* Applicable Engineering Authority Sign-off
« Ex: Materials, Structures, Subsystems, Systems,
Aeromechanics, Depot
« Program: Engineering/Logistics/Original Equipment
Manufacturer
« Create or Revise specs and other documentation (Local
drawings/Tech orders/MIL/AMS/ . . .)
« Revise Relevant Control Manuals
« Supply, NSN, Order Quantities, etc.

51

General Implementation Requirements (cont'd)

(Criticality of Application)

. Non Critical Application Test Criteria
Lab validation per Spec and/or other agency-specific screening
tests

« Field validation: In-service on planned implementation platforms in
representative operational conditions, multiple dem/val sites- same
or better performance compared to controls

. Cntlcal Application Test Criteria (Safety of Flight)
Lab Validation per Spec and/or other agency-specific screening
tests

« Lab Validation of critical application specific performance (Ex:
Structural Fatigue, etc.)

Flight clearance depending on component/risk

.

Field Testing: Will be more stringent validation path than for non-
critical applications: longer road, more expensive, more sensitive,
more extensive

52

Summary

e Qualification is Legally binding on both
Government & Industry

¢ Qualification may only be a first step

e Generally, Qualification and Authorization are
Two Different Processes

¢ Authorization must be obtained on a specific
basis if not previously granted

¢ Implementation path can vary widely based
on the criticality, the associated risk factors
and the Service/Agency specific
requirements
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QUESTIONS??
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File Attachment
Herron - Paths for Product Introduction into DoD.pdf


2. Background and purpose of
the workshop

DoD spends $10-20 billion/year on corrosion control’. To reduce these costs we
need to improve the performance of our corrosion control systems, but at the
same time environmental and health pressures are forcing a move away from the
existing corrosion control technologies of Cd and Cr®".

The new OSHA PEL for Cr®* and growing restrictions on the use of chromates
around the world are driving manufacturers and overhaulers to find non-toxic
alternatives. The most cost-effective approach is to use commercial off the shelf
(COTS) products wherever possible, while working with suppliers to modify
products that do not adequately meet DoD’s needs. This technical workshop
was intended to bring together DoD and industry engineers to identify specific
DoD needs, commercial solutions, and engineering data for replacing chromate
processes used for metal finishing in the overhaul and new weapons systems in
vehicles, aircraft and vessels:

U DoD needs for chromates and their alternatives
U Experience with alternatives in DoD and the supplier base

O What specific COTS treatments are available to meet DoD needs and
requirements

U What data and specifications are available for making engineering
decisions

U Where data are insufficient, where the gaps are and how they can best
be filled

U Where there are no potential COTS products, what should be done to fill
the need

U Since the workshop was intended to focus on metal finishing uses only it
did not cover Cr® use in primers, sealants, etc.

The meeting was held near Hill AFB (Ogden Air Logistics Center), and attendees
toured the plating and finishing shops at Hill to provide commercial suppliers with
a better understanding of how DoD uses chromates.

2.1. SERDP, ESTCP

Keith Legg, Rowan Technology Group: This briefing provided a quick
introduction to the purpose and expected outcome of the workshop.

The purpose of this workshop was to improve collaboration between DoD and
the supply base. Ultimately the aim is to develop an Engineering Database for
finishing that will contain the data that engineers require for informed decision-
making.

Figure 1 illustrates how such an Engineering Database would be used to support
the development and adoption of surface engineering technologies. Such a
database will save DoD a great deal of time and cost by making it much easier to
adopt commercial processes that meet DoD requirements.

Rowan Technology Group 3
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‘_ Requirements l

" Technology Analysis

Are there
existing
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Figure 1. Purpose of a Surface Engineering Database.

2.2. DoD Office of Emerging Contaminants

Carole LeBlanc, MERIT: The DoD Materials of Evolving Regulatory Interest
Team (MERIT)® identifies Emerging Contaminants and seeks ways to manage
the risk to DoD operations that they represent.

Emerging Contaminants are chemicals whose regulatory standards are non-
existent or evolving.

U The Waitch List comprises those materials with a potential for regulatory
change that could impact DoD. This list includes lead, beryllium,
tungsten and nanomaterials.

U The Action List comprises those materials with a significant potential for
regulatory action that will impact DoD, as determined from a Phase |
Impact Assessment. Items in this list will undergo a Phase Il Impact
Assessment, which will generate options for risk management that may
include substitution of materials, processes modifications, better controls
or PPE, etc. Chemicals currently on the Action List are:

o cr*

0 RDX explosive (Cyclotrimethylenetrinitramine)
0 Trichloroethylene (TCE)

o Perchlorate

o

Naphthalene.

Rowan Technology Group 4



Carole handed out a questionnaire covering uses of Cr®, roadblocks and risk
management options.

The Watch and Action Lists are illustrated in Figure 2, which shows how the
Watch List funnels into the Action List

Figure 2. Emerging Contaminants Watch
and Action Lists.

Rowan Technology Group



2.3. Global trends

Mike Wyrostek, MacDermid: In industry, non-chromate chemistries are
generally termed passivates, not conversion coatings, since different chemistries
work in different ways.

There is increasing regulation of Cr® both as a worker health (OSHA and
NIOSH) issue and as a pollutant that poses problems for end-of-life disposal.
The primary drivers for its elimination are the European Union (EU) regulations:

O ELV - End of Life Vehicles
U WEEE - Waste Electrical and Electronic Equipment
L RoOHS — Restriction of Hazardous Substances.

These rules cover all consumer
electrical and related equipment
sold in the EU, and so affect US
manufacturers and their suppliers.
ROHS regulations are under
development by 23 states
(notably CA), China, Canada,
Taiwan and Japan. As a result
industry is shifting to Cr’** and

I &maricas
m Europa
oasla

A ’ 200 2005 2007
non-Cr technologies for Al, Zn (projactsd)

and Mg alloys and for Zn and Zn ) . .
alloy coatings. In fact, the US has Figure 3. Trivalent passivate market

moved more rapidly than Europe (1000 gals).

or Asia, where the rules were
developed (Figure 3).

It was brought out in various discussions throughout the meeting that this change
means that suppliers are installing non-Cr®* lines and decommissioning their Cr**
lines. Although this does not mean that Cr®* processes will be unavailable for
DoD, it does mean that the cost of both Cr®* chemicals and processes will rise as
availability declines.

European usage, Nieves lLapena-Rey: As we have seen in above the
European Union has instituted the ELV, WEEE and RoHS regulations. Boeing
Research and Technology Europe has examined the various technologies and
materials being offered in the EU. Products offered for sale in Europe are based
on phosphates, permanganates, Ti/Zr treatments, cerium-based treatments,
molybdates, sol-gel and cr® inhibitors. These are in general the same (or
similar) products as those used in the US. Because the aerospace sector is
exempt from the Cr®* regulations, they continue to use chromate conversion
coatings. They are, however, moving towards the use of Cr**-free primers from
Akzo Nobel, Deft and PPG.

2.4. Trivalent and non-chrome technology

It is generally accepted wisdom that cr¥ passivates are not as effective as cr®
chemistries. However, the performance of trivalent and non-Cr treatments has
greatly improved over the past few years. The protection mechanisms are very
different, however.

Mike Kell)y, Taskem: In traditional chromates oxidation of the surface is carried
out by Cr** ions, while in trivalent passivates oxidation is done by nitrates. As a

Rowan Technology Group 6



result Cr** coatings are thinner and typically clear or iridescent. This thinner
coating requires addltlonal help in protecting the substrate, and we are now in the
fourth generation of cr¥* passwates, each generation supplying better protection
packages. Typlcal cr¥ passivates now contain Co and silica nanoparticles.
Rather than Cr®" precipitating into any scratch in the coating, the SiO,
nanoparticles fill the exposed area to prevent further corrosmn (Figure 4). As a
result of these |mpr0vements 4" generation TASDIP 175 cr* on zn coating is
practically the same as Cr®* (Figure 5).

Appearance Immediately After Passivate Film is Compromised:

| 5i0; Nano Particles |

Cr'rich Layer When Zine Plate Layer is exposed,
Zine Plate Laver it exhibits a positive charge

Base Metal

Appearance After Passivate Film “Heals”:

les
[CIOXCX
oloio!

CHO)
-2
When Zine Plate Layer is exposed,
Zine Plate Layer it exhibits a positive charge

Base Metal

Particles from the Special Protective Layer are negatively charged, and are attracted 1o the
positively charged exposed Zine. When they migrate to the scratch, they fill it in, thus
awtemartically “freafing” the defect.

Figure 4. Protection mechanism of Cr® passivates.
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1%t & 2" Gen. 3 Gen.

4" Gen.TR-175 CrVi

Figure 5. Comparison of Cr** generation corrosion performance with Cr®*

for Zn coatings on steel.

Note: It was brought up numerous times during the workshop that,
whereas chromates are very easy to use, Cr** and non-Cr chemistries are
highly dependent on proper surface preparation.

Matt O'Keefe, University of Missouri - Rolla: There is now a class of inhibitors
based on rare earths (primarily Ce) that is used in various commercial passivates
and primers. Development has focused on the most difficult Al alloys 2024 and
7075 and has achieved successful protection (Figure 6).

CeO,-based protection systems
are not inherently protective as
Cr® is, and the mechanism of Ce
protection is not well understood.
Surface cleaning and preparation
are critical with Ce, just as with
other non-Cr®" inhibitors, and it is
essential for the coating to have
the  correct  structure  and
thickness. Phosphating improves
the protection by changing Ce(IV)
to Ce(lll).

Rowan Technology Group

Before Salt Spray  After 14 Day Salt
Testing Spray Testing

Figure 6. Salt spray testing of Ce
conversion coating on 2024-T3 Al.




3. DoD Usage and Needs

DoD has many existing (legacy) systems that were all designed with copious
usage of Cd plate, Zn plate (in vehicles), hard chrome, chromate conversion
coatings and chromated primers. New weapons systems use newer materials,
including Al, Mg and Ti alloys, composites, etc. These systems are often now
specified to be as “green” as possible, but getting green solutions in place is
never an easy task.

Weapons systems are built by OEMs but are mostly maintained at the
operational bases for simple maintenance and touch-up. They are sent to
military depots (Army depots, Air Force Air Logistics Centers (ALCs), and Navy
Yards and Fleet Readiness Centers (FRCs) for major overhaul (often called
Periodic Depot Maintenance, PDM).

Additional information can be found in the report of the DoD Metal Finishing
Workshop held in May 2006..

3.1. Cr® and COTS alternatives for vehicles -

US Army

John Beatty, Army Research Lab:
DoD has a fleet of more than 300,000
vehicles, most of them over 20 years
old, with the most common material
being carbon steel. In the future we
expect much more use of high
strength  steels, high  strength
aluminum alloys, lightweight
composite armor, titanium and
magnesium alloys. Primary new
vehicles are in the Stryker family of
vehicles (Figure 7).

Usage: Chromates are used very : e e =
widely, as washes on steels for e ==
corrosion and paint adhesion, for | gigure 7 Stryker infantry armored
sealing of zinc, and for corrosion \gapicle.
protection of Al (e.g. electrical

cabinets).

Requirements: Chromates (and therefore chromate alternatives) must meet the
following requirements:

O Primary requirements:
0 corrosion protection,
0 ease of use
0 conductivity
o color identification
0 improved processing operational tolerances.
U Other requirements

o throughput

Rowan Technology Group 9
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process robustness

coating thickness and uniformity
wear

metallurgical bond

fatigue life

O O O O o o

torsion and tensile strength

o surface condition prior to painting and bonding.

Barriers to adoption of alternatives:

a

a

Changes in overhaul manuals for legacy systems (since these manuals
cover everything that must be overhauled or repaired throughout a whole
vehicle or aircraft, making changes and getting them approved is a
major, very costly and time-consuming task)

New processes must generally work well for both commercial and DoD
applications since both are usually processed in the same equipment by
vendors. (For this reason vendors want to have their commercial and
military customers adopt the same technologies since it is expensive,
and sometimes impractical, to maintain separate processing lines for
different customers.)

New weapons systems use performance-based specs, and the
performance of the clean alternative must be equal or better to that of the
current technology (without significant cost penalties)

For depots capital cost is an important issue, and it takes several years
to insert new equipment purchases into depot shop budgets.

New products must have industry specifications so they can be called
out in drawings and manuals.

Alternatives adopted:

a

Q

Chromates (Cr®™)

o Non-CCC (grit blasting followed by primer and topcoat) on
corrosion resistant armor alloys

0o Non-CCC (Alodine 5200/5700) on aluminum roadwheels

o DI water rinse in lieu of chromate seals on zinc phosphate during
CARC application process

o Eliminate Cr®* Wash Primer on some high-hard steel vehicles

o Navy and Army have achieved good success using Non-CCC
coatings on Al 5083 and 7079 armor alloys

0 TCP ready for use.
Hard Chrome
o Electroless Ni, Ni-tungsten boron

o HVOF coatings of tungsten carbide/cobalt coating on M1 Tank
GTE components (e.g. compressor bearing housing)

o Other wear resistant materials in several engine applications.
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Applications difficult to change:

0 Huge use: Chromate seals on Cd and Zn plated fasteners. Needs
coverage identification method, i.e. a color indicator to show the degree
of protection, which current Cr®* rinses provide as yellow, olive, black,
etc. There is some debate among users as to whether there are different
levels of protection with non-Cr®* products, and if so whether they should
be color coded to match present chromate colors. Some users prefer
non-Cr®" finishes to have a different color.

Q Still need replacement for cr® wash primer for steel and aluminum.

3.2. TCP and other chromate alternatives in
DoD

Bill Nickerson, NAVAIR: NAVAIR controls processes and materials used for
Naval aviation (land based and carrier based fixed wings and helicopters).
Focusing on ESOH has led to use of some treatments with much worse
corrosion protection, which the Navy cannot afford to have. NAVAIR has
developed Tri-Chrome Pretreatment (TCP) and licensed to several vendors.
This treatment is becoming used in weapons systems across DoD. NAVAIR has
also developed a Non-Chrome Pretreatment (NCP), which is currently in test.

Usage: Chromates are used very widely in Navy aircraft
U Anodizing Sealing — Aluminum Anodizing Sealing
O Sacrificial Coatings — Cd, Zn/Zn Alloys, IVD-Al/Aluminum Plate
QO Phosphate Rinsing — Zn/Mn/Fe Phosphate
O Rust Inhibiting Coatings — Fe & Steel Alloys.
R&D work in progress:

Development work is continuing on both Tri-Chrome Pretreatment (TCP) and
Non-Chrome Preatreatment (NCP). NCP is looking particularly good for sealing
anodized coatings on Al. TCP and NCP are working very well for sealing sulfuric
acid anodize, thin film sulfuric and boric sulfuric.

Anodizing and anodize sealing:

O Hot water sealing of anodize coatings is not nearly as effective as
chromate sealing.

O TCP is better and more cost-effective than chromate for sealing

O NCP has similar performance as chromate sealing over Type Il and II1B
sulfuric acid anodize.

Mg pretreatment:
O TCP/NCP improve adhesion and corrosion
Zn pretreatment:

U TCP is looking quite good, but process temperature is very important.
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Alternatives adopted or in the works:

See Table 1 below.

Table 1. DoD chromate replacement activities (Bill Nickerson).

Agency Activity
Naval Aviation Authorization Letter issued for TCP
(NAVAIR)

NADEP Cherry Point Implemented Alodine T5900 Jan. 2006

20 aircraft delivered to fleet

Naval Air Station Kingsville — T-45 trainer aircraft demo planned

FY07
US Army Aviation AMRDEC Materials authorized TCP for implementation
(AMCOM) CH-47 helicopter FY06 Demo (1109th AVCRAD) — In service for
12+ months
FYO07 Transition Planned at Corpus Christi Army Depot
US Air Force Tech Order 1-1-8 authorizes PreKote
Ongoing demonstration/validation — AC130 aircraft
SAE Committee Specification for organic surface finishes
US Army Tank Authorization Letter issued for Alodine 5700
Automotive

Command (TACOM) O 5000/6000 Series — Red River Army Depot

Project Manager (PM) Combat Systems Environmental
Management Team TCP demo

U 3 M2A3 Bradley's — 3+ yrs

Marine Corps Direct Reporting PM Advanced Amphibious Assault authorized
(USMC) Alodine T5900

Alodine 5700 Wipes — implemented 2005
O Amphibious Vehicle Test Branch , Camp Pendleton

Naval Sea Systems Technical warrant holder decision on implementation
(NAVSEA)

New platforms (LCS, Swift, etc) using more “aerospace” materials

General Dynamics Revised Finish Spec — Expeditionary Fighting Vehicle (EFV)
U Alodine T5900

BAE Ground FY06/07 demonstrating Metalast TCP-HF

Systems O Working with commercial finishing shops

Evaluating Nalco TechBond

Boeing St. Louis Alodine 5700 Wipes for touch-up

Evaluating TCP products for immersion line

Working w/ U. Missouri-Rolla for Ce-based conversion processes
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Ruben Prado, FRC SE, Metalast Sulfuric Acid Anodizing control process:
The Metalast process carries out sulfuric acid anodizing using a process
controller and a bath additive to inhibit burning and improve performance.
Results have been very good, with accurate thicknesses and higher performance
than for standard SAA. In addition, the anodized surface performs better with
TCP sealing than with standard dichromate (Figure 8).

Dichromate
Seal (5% wt)
Panels A2-BS1C (1 -

TCP-HF

Panels A2-BS1T (1 -

Figure 8 Performance of Metalast sulfuric acid anodize with Metalast TCP-
HF sealing vs dichromate sealing.

3.3. Cr® usage and replacement in the Air

Force

Todd Lavender, Robins AFB: Robins overhauls airframes. They have been
very successful in replacing alodine chromate conversion coating of Al aircraft
skins with PreKote™ paint adhesion promoter. This product is aqueous and
improves adhesion on metals and composites. Because it does not provide
corrosion protection it cannot be used by itself as a protective coating, but by
improving adhesion it makes paint systems much more effective. Because it is
also a simpler and faster process (Figure 9) it is more cost-effective. The
process has been demonstrated on C130 aircraft.
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CCC Process PreKote™ Process

37.8 hours

Figure 9. Process comparison between conversion coating and
PreKote.

Nate Hughes, Hill AFB:
Usage of Cr*" in landing gear overhaul (Hill AFB)

O Anodize strip

o For inspection, used to strip anodize under spec MIL-STD-871
(Chromic/Phosphoric acid, 180°F)

o Proved they do not need 100% inspection, reducing anodize
stripping. They now re-anodize partially stripped surfaces so as
to avoid stripping and re-anodizing.

O Anodize seal

0 MIL-A-8625F, Type Il Class 1 (sodium dichromate), used for
wheel and brake components and some struts

 Conversion coat for aluminum

0 MIL-DTL-5541F, Type | Class 1 (Iridite 14-2), used for Al
components and IVD Al coatings

O Conversion coat for cadmium

0 MIL-STD-870C, Class 1 Type I, Iridite 80 for sealing of Cd-
plated bushings.
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4. Commercial Products
Applications

Passivation

Zinc Coating

Steel Base

Figure 10. Typical Zn finish for fasteners (Mike Wyrostek,
MacDermid).

and

Commercial products include passivates for Zn, Al, Mg, Ti and other alloys and
coatings. In addition some vendors sell plating solutions for Cd alternatives.
Figure 10 shows a typical coating for steel fasteners for use in vehicles and
electrical equipment.  New passivation systems containing nanoparticles

eliminate the need for sealing topcoats (Figure 11).

Seal or Topcoat 1-2um
Passivate 30 - 300 x10-3um
Zinc/Alloy 8 -12um
Basis Metal

Passivate 150 - 200 x10-3um
Zinc/Alloy 8- 12um

Basis Metal

Figure 11. Typical Zn alloy plating with topcoat (top) and
new Zn alloy plating system (bottom) (Jim Kloeckener,
Enthone).

Rowan Technology Group
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4.1. COTS products available

Briefings for commercial vendors are linked from Table 2. Table 3 summarizes
the COTS products currently available.

Table 2. Vendor briefings; COTS products by vendor.

Company Products Notes
McDermid (Rob Berry, | O ZinKlad line of Cr**-free To manage the transition to non-Cr°*
Mike Wyrostek) zinc finishes. products established ZinKlad Approved
U Iridite NCP, Al non- Plater (ZAP) program to ensure platers
chrome passivate are qualified to provide the products.
Iridite NCP better than Cr®* except on
7075 and 2024 Al
Atotech (Craig Bishop) | O Interlox Al passivates: Interlox 338 equivalent to TCP but
o Interlox 338, Cr** different formulation
o Interlox 5704, 5705
non-Cr
U Uniprep iron phosphate
paint pretreat for steel
O Non-Cr®" Zn passivates
4 Alkaline ZnNi
Enthone (Jim 0 PermasShield processes: Co and nanomaterials in passivates
Kloeckener) ° i;ndc?r:y;ibgg thbrite Zn Zn systems for threaded fasteners
o0 Permapass Cr®*-free
passivates
0 Enseal sealers
Henkel (Bill Wittke) TriChrome: Alodine T5900 is a TCP license
ONor?-I(cj)ﬂlrr(])?nL 5900 Alodine 6000 SG is a paint adhesion
o Alodine 5200, 5700 promoter licensed from Boeing
U Touch up Alodine EC? is a new hard oxide coating
0 Alodine 871 Touch-N-
Prep
U Alodine 6000 SG sol-gel
O Alodine EC2
Luster-On (Joe Ciejka) | @ Aluminescent Cr** for Al Aluminiscent is a TCP license
and Mg
Q Tri-Blue Cr* zn
passivates
U Zn alloy passivatesTri-
Blue, Tridescent, Tri-Black
Metalast (Joe Q Cr’* TCP-HF for Al, Zn TCP-HF is a TCP license
Radzvilowicz) alloys, Cd, Mg
U TCP-HF for anodize seal
Pantheon Chemical U PreKote for Al, Ti, Mg, Primer adhesion promoter
(Richard Buchi) steel, composites
Sur-Tec International U ChromitAl TCP for Al, IVD | ChromitAl TCP is a TCP license
(Ray Lindeman) Al, ZnNi, Snzn, Cd
Taskem (Mike Kelly) U Tasdip TR 184, 185, 186

+ FT 190 for Zn and Zn
alloys

Rowan Technology Group
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Table 3. Cr®-free COTS products (not necessarily matched to DoD requirements).

Application Vendor Product

Al zincate pre-plate Atotech TriBond® Il

Al zincate pre-plate Atotech AlumSeal® 650

Al zincate pre-plate MacDermid Bondal CF

Al zincate pre-plate MacDermid Metex 6811

Passivation - Al pretreat Atotech Interlox® 338 (ZrCr)
Passivation - Al pretreat Atotech UniPrep® PP (borate ester)
Passivation - Al pretreat Atotech Interlox® 5704(ZrMn)
Passivation - Al pretreat Atotech Interlox 5705(ZrMg)
Passivation - Al pretreat MacDermid Iridite TCP

Passivation - Al pretreat MacDermid Iridite NCP

Passivation - Al pretreat Pantheon PreKote

Passivation - Al, Ti, Mg Henkel Alodine T5900, T5900 RTU
Passivation - Al, Ti, Mg Henkel Alodine 871 Touch-N-Prep
Passivation - Al, Ti, Mg Henkel Alodine 5200, 5700
Passivation - Al, Ti Henkel Alodine 6000 SG
Passivation - Al AC Tech AC 130

Passivation - Al Henkel Alodine EC?

Passivation - Al, Mg Luster-On Aluminescent
Passivation - Al SurTec ChromitAl TCP
Passivation - Al Metalast TCP-HF

Passivation - Zn, Zn alloy Atotech Ecotri®

Passivation - ZnNi Atotech Tridur®

Passivation - Zn, Zn alloy Atotech Rodip® ZnX

Passivation - Zn MacDermid Tripass, Tripass ELV
Passivation - Zn, Zn alloy Enthone Zinchrolyte

Passivation - Zn, Zn alloy Enthone Perma Pass

Passivation - Zn, Zn alloy Taskem Trimate

Passivation - Zn (alk) Taskem Lanthane

Passivation - Zn, Zn alloy Taskem Finidip

Passivation - Zn, Zn alloy Taskem TR 175,173

Passivation - Zn, Zn alloy Taskem TC-HP, TC-SA
Passivation - Zn, Zn alloy Luster-On Tri-blue, Tri-descent, Tri-black TZT
Passivation - Zn, Zn alloy SurTec Chromiting

Mg zincate pre-plate MacDermid Bondal Mg

Sn-Zn electroplate Atotech Reflectalloy® Snzn
Sn-Zn electroplate MacDermid Enviralloy SN

Zn (12-16)Ni electroplate Atotech Reflectalloy® ZnA

Zn (12-16)Ni electroplate Atotech Reflectalloy® HD

Zn (12-16)Ni electroplate Atotech Reflectalloy® TF

Zn-Ni MacDermid IsoBrite 570

Zn (12-15)Ni electroplate MacDermid Enviralloy NI 12-15

Zn (8-12)Ni electroplate MacDermid Nyzin 1200

Zn-Ni Enthone Enthobrite CLZ 933, 941, 953
Zn-Ni Enthone Enthobite NCZ
Inorganic seal Atotech Rogard®

Inorganic seal MacDermid JS 500, 600, 1000, 2000
Inorganic seal MacDermid Ultraseal

Inorganic seal MacDermid Hydroklad SI

Organic seal Atotech Corrosil®

Organic seal MacDermid Torque n’ Tension
Organic seal MacDermid HydroKlad

Organic seal MacDermid Hydrolac

Organic seal MacDermid Aqualac
Organic/Inorganic seal Enthone Enseal

Electroless Ni Atotech Nichem® 11

Electroless Ni MacDermid NiKlad ELV

Electroless Ni MacDermid Niklad ELV LMO
Electroless Ni Enthone Enplate EN333LF
Electroless Ni Enthone Enplate EN-806
Electroless Ni/PTFE MacDermid Niklad ICE with ELV 811
Torque-tension modifier Taskem Finigard
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Notes. Approvals
Non-cyanide

Pretreat for powder coat

NAVAIR TCP licensee
NAVAIR NCP licensee
Paint adhesion promoter

Touch-up

Non-phosphate

Sol-gel (Boegel); adhesion promoter
Sol-gel (Boegel); adhesion promoter
Electrodepos TiO,

NAVAIR TCP licensee; QPL listed for Mil-DTL-5541F,

Type Il, Class 1A and 3
NAVAIR TCP licensee
NAVAIR TCP licensee; also used as anodize seal

Co-free
Clear, blue, iridescent, yellow, black

Automotive company approved
Nanoparticle, clear, blue, iridescent, yellow, black.
Automotive company approved

Includes nanoparticles
Blue

Non-cyanide
Non-cyanide

Bright

Ductile

For subsequent organic coating

Acid process

Alkaline, for rack and barrel plating

Alkaline

Acid, bright. Automotive company approved
Alkaline non-cyanide; ductile and bright versions

Various

Pb and Cd-free

Pb and Cd-free; low, medium, high phos
Pb and Cd-free; organic stabilizers

High phos, Pb-free

Mid phos, Cd and Pb-free

High phos

Zn and Zn alloys
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4.2. DoD approvals and specs

The various NAVAIR TCP licensees have applied for QPL listing. Specific
items mentioned:

U Luster-On Aluminescent is QPL listed for Mil-DTL-5541F, Type Il, Class
1A and 3

U Metalast TCP-HF has passed all QPL testing for MIL-DTL -81706-B and
MIL 5541 for immersion and spray applications. QPL approved May 15,
2006

Of the various COTS products the majority are Cr** based, with a number
licensed from the Navy’s TCP process. In addition, a number of companies offer
non-chrome products.

There are two adhesion promoters, PreKote and Alodine 6000 SC, that do not
provide corrosion inhibition, but protect by improving the adhesion of the paint
system. PreKote is authorized by Air Force TO (see Table 1).

4.3. Other approaches

Henkel (Bill Wittke): One e
new system on the market,
Alodine EC? is a ceramic
coating. This is an
electrodeposited TiO, coating
that provides a hard,
impervious surface rather than
a conversion coating (see
Figure 12).

Electroplated Al with TCP
(Gus Vallejo): A different

approach is that used by = Figure 12. Alodine EC? ceramic coating

AlumiPlate. _Their (il wittke, Henkel).
electroplated Al coatings are

used to replace Cd on the F-
22, F-35, F-18 and F-16. Al + TCP outperforms Cd + Chromate. It also does
well in G85 SO, salt fog tests. It was pointed out in the workshop that applying
electroplated Al + cr* passivate over 2024 and 7075 Al is one way to overcome
the difficulty with passivating these alloys.

AlumiPlate specifications:

U Custom call outs by Lockheed Martin and Goodrich; Amphenol MIL-DTL-
38999K; MIL-DTL-83488D and MIL-DTL-5541F

d MIL-DTL-38999L revision out for comment to include Class P for
electroplated Al.

Rowan Technology Group 18



5. Experience with Chromate
Alternatives

5.1. Issues with chromate alternatives at
Boeing
Steve Gaydos, Boeing: Requirements for conversion coatings:

U Non-Chrome Conversion Coating Shall Meet MIL-DTL-81706B, Type Il
for Class 1a and 3

O Applied by Immersion, Spray and Brush
0 One Tank Operation - No Heat
Needs to Work on Other Aluminum Alloys Besides 2024, 7075, 6061

O Must Consistently Pass Monthly 1 Week Salt Spray Test on 2024 for
Immersion Tank Operations

O

O Needs to Work with Existing Aluminum Prep Line
o0 Must Be Compatible with Boeing Cleaners and Etches.

Boeing has worked on developing and qualifying Cr® alternatives since the early
1990’s and so has evaluated the various generations of non-Cr®* passivates.
The early Sanchem 3300 (permanganate seal) and 3400 (silicate seal) and the
Alodine 2000 cobalt conversion coatings were not implemented as they were
qualified only for 1100 Al. Alodine Safegard CC 3000 was too complex.

Alodine 1132 Touch-&-Prep pens have been MIL-SPEC- qualified and added to
the Boeing process spec. They contain Cr®* but are much less hazardous to
personnel than chromate brush applications. Boeing is beginning to work on
qualifying Alodine 871 cr¥ pens.

Boeing is working with the University of Missouri on Ce-based conversion
coatings (see Section 2.4 above). Again, surface preparation is critical, and in
addition Boeing needs a non-electrodeposited coating. Boeing is also working to
qualify the COTS TCP products. So far corrosion resistance has been poor on
2024 panels. A new additive developed by NAVAIR is being tested in the COTS
products.

In all cases the performance of non-Cr®* products is strongly dependent on
surface preparation. This was a common theme of the workshop.

Boeing has also found that citric acid is as good as nitric acid for passivating
stainless steels and Boeing PS 13001 has been changed to allow citric acid.

5.2. Sol-gel coatings and anodizing at Boeing
Joe Osborne, Boeing: Boeing has developed two non-Cr®* processes for Al:

U Boric sulfuric acid anodizing (BSAA) to replace chromic acid anodizing
under MIL-A-8625 Type |, Type IB, Type IC. Boeing requires a dilute
Cr® seal. The process has been used on all Boeing commercial aircraft
for the past 15 years with no failures, and has been tested successfully
for the C-17. NAVAIR is planning MIL-A-8625 revisions to include it.
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Issues: BSAA electrolyte is corrosive to pumps and components. It
should not be used where liquid is likely to be trapped. Dissimilar metals
may need to be masked.

U Sol-gel coatings provide excellent paint adhesion and can be formulated
for different substrate and primer chemistries.

Boegel (Figure 13) has a large number of Boeing specifications for
bonding and paint system adhesion on Al, Ti, NI and stainless steels.

Organic
Resin &

Sol-Gel
Layer

Metal
Hardware

Figure 13. Boeing Boegel paint adhesion system (licensees Henkel, AC
Tech, Socomor).

5.3. Coatings for fasteners

Rick Delawder, SWD, Inc.: Most military fasteners are coated with Cd and
chromated, except for vehicle fasteners, which are often Zn plated and
chromated. However, the automotive industry primarily uses fasteners that are
coated with an organic or inorganic system containing Zn flake. The coating
method mostly used is dip-spin coating, in which the components are held in a
basket, dipped into the solvent- or water-borne topcoat, removed and then spun
at high speed to remove the excess.

In some cases the coating is applied directly to the fastener, while in others the
fastener is Zn-coated first. Coatings can be applied by dip-spin, dipping or
spraying. They can be organic- or inorganic-based. These coatings supply both
corrosion protection and torque-tension. Products are supplied by many different
vendors, including:

U Dorken MKS Systems
U The Magni Group
O Nippon Dacro Shamrock (Japan)

0 Metal Coatings International (North Am.)
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o Dacral (Europe).
O Units Coatings (recently acquired by Atotech).

These types of coatings are not as good for fine fasteners since the coating can
tend to fill the threads. For this reason they are not generally used below a size
M6. In addition, because the fasteners are coated in a basket there is a
possibility of nicking the threads.

Note: Dip-spin coating of fasteners as an alternative to Cd plating has been
evaluated by the Armys, and Magni 555 coating (previously called Dorrltech
coating) was found to work well.

5.4. Corrosion protection of structural Mg

alloys in automotive

Wenyue Zhenqg, National Resources Canada-CANMET: Natural Resources
Canada’s CANMET Materials Technology Laboratory has been evaluating
protection schemes for Mg alloys for automotive use under the US Automotive
Materials Partnership (USAMP) program. They tested 20 different products
including:

U Alodine 5200 with powder coat

O Keronite (early version), Tagnite, Anomag, Magoxid with or without
topcoat

Polyurea topcoat

Hot wax coating

00

Sol Gel coating
0 MAGPASS+Topcoat.

Coatings that protected against general corrosion did not always protect against
galvanic corrosion. Some of the metal-filled polymer coatings performed well in
both overall corrosion and galvanic corrosion protection. For protection against
stress-corrosion cracking the best results were with a conversion coat, followed
by a powder coating and an anti-chipping topcoat.

To try to limit corrosion, they have developed an Al-Mg alloy, which creates far
lower galvanic corrosion currents against steels.

They have begun to see very good results using cold spray Al coatings. This is
an approach currently being evaluated in an ESTCP project headed by the Army
Research Lab, and also supported by an F-35 Program Office contract with the
Australian DSTO.

5.5. Panel Discussions - COTS Cr®*

alternatives

The automotive industry had no choice but to eliminate Cr® finishes, with the
passage of the ELV regulations in Europe. RoHS extends this to most electrical
equipment except large scale plant. However, even prior to the ELV rules, Cr®*
processes were coming under cost pressure. It was pointed out that conversion
coatings are actually primarily Cr®*, and therefore what is reaILy needed is to find
a route to get to that state without requiring an intermediate Cr°* formulation.

Given that military and aircraft applications are exempt from the EU rules, the
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guestion was asked as to DoD’s incentive to change. There are several reasons:

0 Carole Leblanc pointed out that being “green” is not just an
environmental issue but also a health and safety imperative — the health
and safety of our people is mission-critical.

O While we may be exempt from the rules we are not exempt from their
effects, when they reduce the availability or increase the cost of
processes that are no longer used elsewhere in the industry.

Specs and standards are needed for non-Cr®* treatments. Most of the Cr** specs
were developed for the automotive indust%y. For DoD use we may need to define
different classes of treatments for non-Cr®" processes. DoD and the aerospace
industry have additional requirements beyond those in the automotive industry,
especially for hydrogen embrittlement and fatigue. In addition DoD will have
specific requirements for fasteners that will go beyond the requirements for the
automotive industry.

Although most people are concentrating on the EU RoHS rules, there is concern
that the China RoHS rules will pose greater difficulties. Partly this is because the
rules are in Chinese with no official English translation, and partly because the
rules, while based on the EU regulations, are not the same. China RoHS text
can be found at

http://english.mofcom.gov.cn/aarticle/policyrelease/domesticpolicy/200605/20060
502132549.html

In addition, although enforcement is still some years off, REACH could also have
a significant impact on surface treatments. Although Co is not restricted under
ROHS it could become an issue under REACH, depending on whether or not Co
becomes a material of concern in the EU.

Major issues coming out of discussions:

Q If there is a choice of eliminating either the chromate conversion
coating or the chromated primer, the material to eliminate is the
primer since it contains 100x as much Cr®" as in the conversion
coating. This is the approach adopted by F-35.

U ESOH issues arise not only when applying the finish, but also with waste
disposal when overhauling.

O Non-Cr® treatments are much more sensitive to surface preparation than
Cr®. If the surface is properly prepared they can work as well as, or in
some cases better than chromate processes.

O There are still few treatments that work well for 7075 and 2024 Al.
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6. Discussion of needs and
COTS products

6.1. Breakout Session - Al and Mg alloys
Mg alloys:

Q Current OEM process — Dow 7

Q Current MRO process — Dow 19.

Tagnite and Keronite work well, and Tagnite + Rockhard paint finish performs
very well on some components. However brush Tagnite is a very difficult
process. (Note that in the May 2006 meeting it was pointed out that overhaul
procedures require Tagnite to be stripped for NDI.)

Processes in development:

O Cold spray Al — ESTCP project being run by Vic Champage at the Army
Research Lab (also a vehicle-related similar program mentioned by
Wehyue Zheng, see Section 5.4)

U TCP looks promising for both Al and Mg
O Powder coat
Q “Panther grip” (Northrop Grumman?) + powder coat
O Replace Mg by investment cast high strength Al — thinner section allows
similar weight.
Al alloys:

U Tank dip processes required for components
O Paint or spray processes required for exteriors of aircraft and vehicles.
Requirements:
O Adhesion
o Organic coatings, primers to Aluminum
O Corrosion protection
0 Most components are chromate converted, primed and painted

o For some applications coating has to stand alone without
additional paint — Class 3 for low electrical resistance for
electrical cabinets, etc.

O Compatible with mixed metal assemblies
o Minimizes masking and/or removal
0 Increasing need for adhesion of primers on composites.
Options:
O Alternatives
0 TCP (NAVAIR, 4 vendors)
0 NCPI/Iridite TCP (not for all alloys)
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a

a
Needs:
a

6.2.

o0 Boegel (3 vendors)
0 Prekote.
Application methods
o All can be sprayed
o All but Boegel can be used in immersion tanks.

All require chromated primer when painted.

Need to understand how non-Cr®* materials interact with cleaning and
deoxidation

0 Issue of sensitivity of processes to surface prep
0 Interestin all alloys including LiAl and 7000 series Al.

Interaction between non-Cr®" inhibitors and non-Cr®* coatings (primers).
How can we get a satisfactory non-Cr®* system?

NAVAIR is able to make TCP work well, but other users do not appear to
be able to. This appears to be a situation requiring better technology
transfer and/or modification of the chemistry to make the process more
robust.

Breakout Session - Steels

Army requirements for vehicles:

U Zn phosphate or chromated wash primer + CARC (Chemical Agent
Resistant Coating) epoxy primers and polyurethane topcoats
O A non-Cr®* wash primer is needed for adhesion promotion for small
shops, depots, and re-work
0 Must be a robust process with a large process window
o The whole process must fit together
o A Cr’ spray or wipe process is needed. Metalast may have
such a process
o Coatings similar to the Zn-flake filled polymers might be an
option, but would require a low temperature cure.
6.3. Breakout Session - Coatings
Coatings:

O The various TCP licensed coatings should all work well for Al coatings

(IVD Al, AlumiPlate) under the MIL-DTL-81706, Type Il spec.
0 Henkel T5900
0 CST SurTec ChromitAl
0 Luster-On Aluminescent
0 Metalast TCP-HF.

U The following also work well on Al coatings
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o Iridite NCP (Meets Type Il, Class 3)
o0 Alodine 2000 (TD-3095 Seal)
o Sanchem 3300 + 3400 Permanganate — Silicate Process.

The following work well for paint adhesion (but not stand-alone corrosion
resistance):

o Boegel and its licensees
= Alodine 6000

= AC 130
o Alodine 5700
o0 PreKote.

Anodize or oxide coatings:
o Type IC, Boric Sulfuric Acid Anodize (BSAA)
o Type I, Sulfuric Acid Anodize (SAA)
0 Type lIB, Thin Film Sulfuric Acid Anodize (TSAA)
0

Henkel EC? oxide coating (Note: this is a new product with little
independent technical data).

Touch-up coatings

o There is a need for a version that can be used for touch-up.
Luster-On has developed a thixotropic version of their product for
touch up, but it is not yet approved.

Issues with MIL-DTL-5541: A major difficulty was brought up that prevents the
adoption of chromate alternatives for those alloys for which alternatives work:

a

a

a

MIL-DTL-5541 still requires a monthly salt spray test on 2024 Al, whether
or not the vendor actually treats 2024

Since most alternatives do not work well on 2024 this prevents the
adoption of any alternative for other alloys

The spec should be changed to read more like MIL-A-8625 for anodize:

o Corrosion test with 2024 or predominant alloy used that month.

Steve Brown (NAVAIR PAX) followed up on this immediately and provided the
response shown in the link. MIL-DTL-5541 Section 4.2.2 does allow monthly
tests of either 2024 or of each alloy and temper treated during the month. Thus if
a vendor never treats 2024 he can carry out monthly testing on every other alloy
he treats. Of course, this means testing many more specimens.

Zn and Zn alloy coatings:

This is a mature technology with many Cr®*-free COTS alternatives (see Table
3). The various generations of trivalent coatings were described by Mike Kelly
(Section 2.4). DoD users may need to work with suppliers to measure missing
data or develop alternatives that better match DoD needs.

There was a consensus that DoD should specify non-Co versions of these
treatments to avoid any future regulation of Co.

Additional discussions on implementing alternatives are included in Section 7.3.
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/. Transitioning to Production
in DoD

7.1. Modern surface finishing facilities design

Peter Gallerani, Integrated Technologies: Simply eliminating or reducing the
use of hazardous materials does not in itself reduce the environmental and
worker health impact of a finishing shop. Even where we must continue to use
hazardous materials, proper facility design can greatly reduce ESOH problems
as well as lowering capital and running costs, whether the facilities are being
upgraded or built from scratch.

Figure 14. Robins AFB plating shop design showing integrated hazard
and energy management including front and back shields and improved
push-pull ventilation.

The newly designed Robins AFB plating shop was taken as an example (see
Figure 14). The design incorporates many features to reduce labor and energy
cost while improving worker safety and reducing emissions:

U Process automation for process control and minimum operator handling

U Bulkhead with automatic doors between the setup area and the process
area. This allows the two areas to be air conditioned separately and
minimizes operator time in the process area

O Front and back sliding shields on the tanks to shield the operators from
hazardous chemical fumes and splashes, and minimal tank obstructions
to make the push-pull ventilation more efficient
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Energy efficient ductwork
Automated tank covers where needed
Lean maintenance with alternating operator and maintenance aisles

Use of corrosion resistant materials for long plant life

0000 O

Under shop spill prevention and capture to protect the soil and
groundwater

U Recycling of treated wastewater.

7.2. ESTCP hydrogen embrittlement testing

Steve Gaydos, Boeing: It takes a very small amount of hydrogen incorporated
into high strength steels or other high strength alloys to cause them to become
brittle and fail catastrophically. One of the primary issues with changing coatings
and surface treatments is therefore ensuring that the alternatives do not cause
hydrogen embrittlement of high strength alloys (due to processing) or
environmental embrittlement (re-embrittlement, due to attack by salt water or
fluids).

While standard tests have been in use for many years there is no agreement on
specimen design, test methods, or even at what strength level embrittlement
occurs. Therefore there is no agreement on what is safe. The same material
that is accepted by one agency may be rejected by another on the basis of
different test designs. ESTCP is funding a project involving Boeing, ARL and
others to put embrittlement testing onto a sound engineering basis.

The standard test is ASTM F519, which requires the specimen to survive 200
hours at 75% of notch tensile strength. An alternative step load procedure is also
permitted, but not widely accepted. The 200 hour requirement is a big problem
for vendors since the test is used for QA but getting the results takes a week.
There are a great many different specimen shapes and sizes, some more
sensitive than others.

We need a simplified and standard test method to re-qualify all maintenance
chemicals, plating and surface treating, and test new ones. The potential for cost
savings is significant.

Round robin testing is being carried out between Boeing St Louis, Boeing Mesa
and the Army Research Lab. Organizations wishing to become involved should
contact Steve Gaydos.

7.3. Panel Discussion — Running a non-Cr®* line
Issues with putting new lines into DoD depots:

U Although some DoD depots are constructing new processing lines, they
are still having to invest in old lines to keep legacy systems maintained.
This means that we are in the position of having to invest in technologies
that we advocate replacing.

O Putting new technologies into DoD depots is a major operation with a
steep learning curve, especially because the process control and
cleanliness requirements are a great deal tighter.

O The cycle time for investments in new equipment is 5 years — this is far
too long.
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Q

We need to spend money on instituting best practices. Emerging
Contaminants is interested in doing this. Their aim is risk management
not necessarily process elimination.

Jeff Hannapel pointed out that companies that participated in the ill-fated
EPA Common Sense Initiative found it improved their bottom line; green
processing can be a significant cost saving.

Vendors are driven by customer demand and will not make major
investments in cleaner technologies until there is a customer base. On
the other hand, some companies will identify processes with good long
term potential and then invest in small scale units to learn how to run
them so as to be ready when the demand materializes.

The following notes are from the Breakout Session 3 — Coatings:

Issues with non-Cr®* finishing systems:

Q

These processes are less forgiving than Cr®*
o Pay attention to the details
o Tighter process control, including chemistry, temperature and pH

o0 Rinse water quality is extremely critical for rinsing prior to
application.

Contamination can be a very serious problem
0 Replace old tanks, liners, pumps and piping.
Chemicals costs are higher
o Need methods for extending bath life (done for Zn alloys).

At present non-Cr®* pretreats do not work well with non-Cr®* primers. We
need to understand these systems to make them work together. Note:
SERDP has solicited proposals in this area for FY2008, so a solution to
this problem may be developed in the next 3 years.

Reliability of no-Cr®* treatments:
0 Zn treatments are fully commercial and reliable
o Al treatments are reliable except for 2024
o0 Touch up of Zn alloys can be done with brush plating
0 Touch up of Al coatings (IVD, AlumiPlate) is less certain
= Metalast brushable treatment
= Sur-Tec pen applicators for ChromitAl

»  Henkel is qualifying non-Cr®" Alodine 871 Touch-N-Prep
pens.

Replacement of chromated Cd:

Q

AlumiPlate is a drop-in under MIL-DTL-81706 Type Il. Non-Cr®* primers
appear to work very well on this. Note: Cannot be done in standard
tank; requires fully enclosed non-aqueous system with inert gas fill.

ZnNi coatings have COTS products available but still require all the
detailed testing needed for military and aerospace applications — fatigue,
embrittlement, galvanic corrosion, paintability, etc.
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7.4. Introducing products to DoD using OSD’s
on-line tool

Robert Herron, US Army RDE Command: DoD has a new on-line tool for
easing the introduction of corrosion prevention products. The tool can be found
at www.dodcorrosionexchange.org (see Figure 15).

/3 DoD Corrosion Exchange - Microsoft Internet Explorer provided by NMCI

File Edt ‘“iew Favorites Tools Help

GEack + = - () fat | Qgearch [EFavorites PMedia ¢4 | By S v - &

Address Iﬂj http: s dodearr osionexchange. org/

oD Corrosion Exchange

ovember 21, 2006

| Policy & Regs | Projects | Industry | Academia | Research | Training | Images | Case Studies | Lessons Learned |
Home | Help | WUSAF | WUSA | WUSH | USMC | USCG | HASA | DOT | DOE | Infrastructure

Login Subiriit an Announcermert
Subrmit Content to the DoDCE
Mew DoDiMACE E-Magazine

ST 4 DoDINACE Partnership

DoD Corrosion Policy FREE DioDyGow Coatings Training

CPC Guidebook » Mewr Manotechnology Corrosion

= Solutions Yiorking Group

CPC Strategic Plan CPC IPT Forums 20082007

Dol POC

Service Policies o s DoDCE Spotlight

Laws & Regulations Search  View  PreviousIssuels)  Kenneth Krieg (USDATELY)

ROI Computations Addresses Tri-Senice Corrosion USAFO (007 |
Product Introduction ) Corference on Conference
i i Honarary CPC IPT Member
Societies & Associations Selling to the GovernmentDoD . Iy

Conferences/Symp osia.-ﬁ"'”'““d Introduction Process

- : - ASearch Specs & Standards
VERIT=l SometyTralnlﬂ FOTTTT T TOT Working Groups
Links of Interest FTP MEGA
CPC Links ] Aty Aviation Sarrosion Prevention I I' I |
Notices Boeing Corrosion Callabaorative

) als ¥y Partne Coatings & Linings — e —
] [
iﬂﬁtartl J :ﬂ Ii—l 3] d ® “@DQD Cortosion Exchan... Igllnhox-I‘vflicn:usoft Outlaok [

Figure 15. DoD product introduction tool location.
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Product Authorization
Scope of authorized usage
evaluated/established,
Broader applications investigated,
Logistics and
supportability considered,
Spec/CID/ Etc. developed.

Figure 16. The product introduction process.

A flow diagram of the product introduction process is shown in Figure 16. The
tool takes vendors through the product introduction process, allowing them to
input information on their product and laying out the course that must be taken to
gain approval.

7.5. Panel Discussion - Getting alternatives

into production

Robert Herron, US Army RDE Command: Vendors are often frustrated by the
slowness of growth in demand for products even after they have been qualified.
However, there is a big difference between Qualification, Authorization and
Implementation (see Table 4).
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Table 4. Requirements for qualification, authorization and implementation.

Qualification Authorization Implementation
Meets Minimum Specified Approves Product’s use for a Gets product into actual use in DoD
Requirements (QPL) specific application organizations
Acceptable for where Used for new products or different | Applicable Engineering Authority Sign-off
specification is approved for applications of existing products .
use in Tech Orders, Manuals, U E.g. Materials, Structures,
Drawings, etc. Subsystems,_ Systems,
Aeromechanics, Depot
O Program: Engineering/
Logistics/Original Equipment
Manufacturer
Does not insure/promise Path to Authorization Create or Revise specs and other
procurement . documentation
U Lab testing
U Must follow standard O Field prototype U Local drawings/Tech orders/
GSA, DLA, etc. O Verification/Validation MIL/AMS/etc.)
procurement O Data analysis and use
processes envelope definition
Qualification does not Authorization letter, Local Process | Revise Relevant Control Manuals Supply,
automatically mean Product Spec, Tech Order or Manual, etc. NSN, Order Quantities, etc.
Authorization Issued

There is a Defense Standardization Program (DSP), for qualification and
approval, although the details for implementation of new products vary from one
DoD agency to another and one application to another. The first major step for
products such as chromate conversion coating alternative chemistries is to get
onto the Qualified Products List (QPL)*. However, all this means is that the
product meets minimum DoD specifications. This does not imply that anyone will
actually authorize its use. Authorization is done by the cognizant engineers and
program managers, who may not be sure that it meets the performance
requirements for their particular weapons system. Therefore, authorization may
require a great deal of testing. Authorization means that the product can be used
on a weapons system, but it does not require that it will be used. implementation
requires that a specific depot, OEM or other organization change their overhaul
manuals, drawings or contracts (often very expensive and time-consuming) and
become able to use the product. They must obtain the necessary equipment,
chemicals and training, and it is in the vendor’s interest to ensure that the product
is used correctly and for the right applications.

Qualification is a legal process, involving legal requirements for the supplier and
the government. There are several types of qualifications under the DSP:

» Formal Qualification (Qualified Products List) (SD-20, SD-6)
* Performance (PRF) or Detail (DTL) Specification

* In General, Most Specs do not have Qualified Products Lists

(QPL).
 Non Government Standard (NGS) (SD-9)
» Can be Adopted if Technically Adequate for DoD Needs
* In General, Most NGS do not have an associated QPL
* Commercial Item Description(CID) (SD-2, SD-5)

* For Existing Suitable Commercial Products where an appropriate
NGS Does Not Exist
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* Non Developmental Item (NDI) (FAR, SD-2)
» First Article Inspection (Acceptance Testing) (FAR)
e Purchase Description (SD-2, SD-5)

*  When preparation and maintenance of a specification is not cost
effective

*  For small dollar purchases under $25,000
»  For one-time buys.

Many of the chromate alternatives are (or could be) included in a QPL. In fact,
most of the COTS TCP products fall into this category and have been submitted
for inclusion in QPL 81706, which is the QPL for MIL DTL 5541. At the present
time there are no Cr** products in this QPL. This is because there have been a
number of applications and the QPL will not be updated until the testing is
complete. It will then be updated with all the new products at once. Most of
these products will ultimately be available through the Defense Logistics Agency
(DLA).

Note: Even having a product on the QPL does not guarantee that DLA will
purchase it. DLA only purchases products for which there is a demand. Under
these circumstances the product must be bought by each individual organization.
Since many organizations cannot easily purchase these types of products
except through the DLA this can create a Catch-22.

What is a QPL and how do you get onto it?

U A QPL is a list of products (and their manufacturing site) which have
been tested and certified to meet the minimum specification
requirements

O A QPL allows the manufacturer to provide and the purchaser to obtain
satisfactory pre-contractual evidence that a product meets specification
requirements

O QPLs simplify the procurement process and reduce acquisition/
procurement lead time

O QPLs reduce test costs by minimizing redundant, long, and expensive
tests

O QPLs provide a source for continuous availability of reliable products.
What does a QPL not do?
0  QPL listing does NOT imply or grant authorization for implementation

O Even after QPL listing, authorization to implement may be required by
the cognizant engineering authority for specific DoD applications. This
means that even if a product is on the QPL, approval authorities at a
depot or DoD agency are not required to use it, and they may still require
additional testing.

O Does not allow vendor to change manufacturing methods or materials.
Changes will require requalification.

O Does not relieve the OEM or supplier of contractual obligation to deliver
items meeting all specification requirements.

O

Does not guarantee acceptability under contract

U Does not waive any requirements for inspections
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0 Does not waive any requirements for maintaining quality control
measures. Products can be removed from the QPL if they cease to meet
the requirements or if the requirements change and the product cannot
continue to meet them.

US Coast Guard approach to approvals:

The USCG follows a similar process to the above, (see the two documents at the
left).

Cognizant engineering authorities:
U Naval Aircraft — NAVAIR, Putaxent River, MD
O Naval Vessels — NAVSEA
a Army
o Aircraft and helicopters — AMCOM, Huntville, AL
0 Vehicles — Tank Automotive Command (TACOM), Warren, MI.
Q Air Force — Air Logistics Centers
0 Landing gear — Ogden ALC, Hill AFB, UT
o Airframe, skin — Warner Robins ALC, Robins AFB, GA
o Engines — Oklahoma City ALC, Tinker AFB, OK.
O US Coast Guard

o Aircraft — Product line managers.

Information sources:
O DoD Specifications and Standards can be found on ASSIST
(http://assist.daps.dla.mil/online/start/ )

O Documents of various kinds can be searched for at

http://www.assistdocs.com/search/search basic.cfm.

U DoD Corrosion Exchange and DoD introduction tool
www.dodcorrosionexchange.org.

U Standardization documents (DSP, SD-6, SD-20, etc.)
http://www.dsp.dla.mil/APP_UlL/content/documents/sds.htm#SD-6

U SERDP and ESTCP program offices

http://www.serdp.org/ ; http://www.estcp.org/

U DoD Office of Emerging Contaminants
https://www.denix.osd.mil/denix/Public/Library/MERIT/merit.html

0 HCAT engineering data and reports

http://www.materialoptions.com ; http://www.hazmat-alternatives.com
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Project Initiation Checklist



ARSC Procurement Checklist for New/Replacement Machinery and Equipment

Requestor Name:





Shop:

                         Bldg #:


Requestor Signature:   




                                     Date:

Please provide a short summary of the Statement of Work (SOW) describing: the impact to production, maintenance and calibration, any training requirements (i.e. OJT or vendor), on site vendor visits etc.) Include any proposed layouts, drawings, manufacturer’s specifications, and power and Space requirements:




		Product  Line General Foremen/Division Cell Leader



		YES

		NO

		N/A

		Please check appropriate response

		Signature



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 Approve request and SOW requirements.  Verify correctness of information required

		Sign Name:                                               


Print Name:                                                 Date:                                             



		Product Line Deputy



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		Approve/Disapprove continuation of process to seek procurement.  Deputy aware of request.

		Sign Name:                                           


Print Name:                                                 Date:                                                



		Facilities



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		Power requirements provided

Space requirements provided

		Sign Name:                                                  


Print Name:                                                 Date:                                                



		Safety



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		Proposed Layout, reviewed drawings provided

Reviewed manufacturer’s specification.

		Sign Name:                                                  


Print Name:                                                 Date:                                                



		Environmental



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		Air Quality Permit 

Hazardous Waste


Hazardous Chemicals

		Sign Name:                                               


Print Name:                                                 Date:                                           



		Quality Control



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		Approve the requested equipment meets product line requirements and needs.

		Sign Name:                                                  


Print Name:                                                 Date:                                                



		Fire Department



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		Life Safety, inspection and acceptance

		Sign Name:                                                  


Print Name:                                                 Date:                                                



		Product Line Deputy



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		Approve/Disapprove procurement & Funds Approval

		Sign Name:                                                


Print Name:                                                 Date:                                               



		Contracting Specialists/Officer



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		Proceed to process procurement 

		Sign Name:                                                  


Print Name:                                                 Date:                                                





Comments/Concerns/Recommendations:

A copy of this form will be placed with the procurement package on file in the Product Line Contracting/Procurement Office[image: image1.png]





Print















File Attachment
USCG Procurement Checklist - Word document


Encl. (10) to CGTO PG-85-00-110

U.S. COAST GUARD

AIRCRAFT REPAIR AND SUPPLY CENTER
CGTO-PG-85-00-110

Enclosure (10)

1 COMPANY INFORMATION
Name, Address, and Zip Code

2 STATEMENT OF NEED

Cefire tne tesha cal prah.em or

AN
a. Complete description of product:

MANUFACTURER'S APPLICATION FOR
INTRODUCTION OF MATERIALS AND PROCESSES

ty addressed and its importance

Technical Point of Contact (Name, Address, Zip Code, and Phone

NO

Consideration given fo;
N : T
a.

b. Removal

"'c. Operating environment N B
f d. i environment o

| e. Maintaina

1) Part number

2) Common name (e.g., trade name, brand name, generic name)

3) Intended applications

b. Purchase description used by other govemment activities or as used in
commercial transactions:

¢. Length of time praduct has been produced:

d. Product data/performance characteristics: (Attach technical specification/product data sheets; producﬁstructions which relate to application/use of product including
oo o8 if §

sre and shelf-lif ge stability. Note: submission of advertising brochures is discouraged.)

P curing Specify desgin service

4

analysis; system reliabilty testing)

Brief description of reliability design program: (include elements: e.g., thermal analysis; failure modes and effects; envi

rtat stress ing; shock and vibration

-

Applicable regulatory and de facto standards:

9. Availability of product samples:

h. Cost drivers in the use of this product:

i. List of products and company services satistying identical or similar service
requirements:

upgrades and obsolescence).

4 TEST DATA trose

YES NO
Manufacturer’s test results attached.

5 HAZARDOUS MATE LG § N RTHIME DAL AT A

Attach current Material Safety Data Sheet (MSDS).

. Discuss average time between product changes and practice of providing continued inventories, upgrade, or production for phased-out product {plans for handling

ot qualfy as test

Certification or test results from independent test organizations
attached.

d. Attach copies of any toxicity study reports invoiving laboratory
animals subjected to dusts/vapors from the product, its ingredients,
or its pyrolysis products, when burned or severely heated.

v

Attach product labet that complies with OSHA Hazard
Communication Standard (29CFR1910.1200).

2]

Attach copies of any industrial hygiene survey reports
which address potential heatth hazards related to working {
with the product. |

. Attach copies of iaboratory reports which address the
compostion and magnitude of p{rolysis products emitted from the
product when it is involved in a fire or otherwise severely
heated/allowed to contact motten metal, etc.

©
t
\
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Encl. (10) to CGTO PG-85-00-110

f. Document product compliance with (attach documentation to validate responses):

1) Provisions of the Federal Clean Air Amendments Act

[2) State and Local Laws

3) Provisions of the National Emission Standards for Hazardous Air Pollutants (NESHAP)

9. Product safety issues as experienced by similar users:

a. What are the maintainability features of the product? (e.g., reparability,
cleanability, stripability)?

CEPTANCE DATA

b. What are the limitations, if any, on organizational-level support {can the system
be supported and maintained by the user or is organic support required)?

a. s the matenial or process designed for, already in the YES NO b. s the product a commercially available Off-The-Shelf item (as YES NO
aerospace sector (commercial and/or military)? defined by the Federal Acquisition Regulation (FAR) 2.101)?
i
¢. Is there a need for any pre-production or production qualification
testing and special quality assurance requirements?

I

d. Length of time the product has been on the market or availabie for sale. e. Annual sales (number of units sold).
T”Reliability and performance of the product. ) g. Anticipated future orders.

h. Description of quality controls,

a. Stability of current configuration and technology ( provide criteria for
establishing stability).

j. Has analysis been ct;nducted to determine Coast Guard annual usage?

b. What is the reliability history of the product as experenced by similar users? In what
environments (e.g., service life, corrective maintenance actions)?

c. What is the product quality and maintainability experience of similar users?

d. What are the requirements for manpower and personnel (number of personnel by
skill type required for operation and maintenance)?

e. What are the requi
equipment?

s for and

ity of special tools and/or test

f. How are customers supported (e.g., customer servicé; applicétion, installation
product instructions)?

g What special training is needed and what are the training support
requirements?

What training sources are available to customers?

=

i. How will product upgrades be introduced and provide;’}

. What is the commitment to out-year support?

T(iWha' is ﬁr;dﬁ;t'a'\'railabilri'y and 1ead-time?

a. Number of suppliers.

l
!
|
i

_

b. Size and location of suppliers and their current markets.

Figure 1.

CH-1

¢g8500002a

(Sheet 2 of 3)






Encl. (10) to CGTO PG-85-00-110

¢. Product distribution channels.

e. Production capacity lodn»\eet péo}ected requirements.

a. Minimum order quantities.

"1 d. Business practices in sales and distribution (e.g., from manufacturer to wholesaler to
I distributor or retaiter to user).

f Packagong, handlmg storage, and transportation practices.

b. Pricing data.

¢. Typical contract terms and conditions.

11 REFERENC
Name , Address, Zip Code, POC and Phone Number

> product in simtilar environments and applications a

d. Warranty terms and practices.

Name , Address, Zip Code, POC and Phone Number

Name , Address, Zip Code, POC and Phone Number

b. Sngnalure and Date

. ARSC ISM

Name , Address, Zip Code, POC and Phone Number

. Telephone (Inciude Area Code)

b. ARSC Aging Aircraft Branch

1. Complete this application in its entirety. Blocks which have no
applicablity should be annotated with N/A.

2. Be direct, concise, and informative utilizing the space provided. Your
submission of this appilication should be based on an innovative and cost
effective approach to a technical problem or opportunity, within Coast
Guard aviation.

3. This application will be scrutinized for factors which will benefit Coast
Guard aviation (e.g., enhance performance characteristics, cost benefits,
labor reductions, reduced cycle time, reduction or elimination of adverse
health effects and environmental pollufams)

X I -
c. ARSC COICOR } |
X I L
i
INSTRUCTIONS TO APPLIGANTS

. Submit the completed "Manufacturer's A\ 1 For Intr jon Of
Processes" along with product performance data, detailed test da'a current MSDS
other Hazardous Material and Environmental documentation to:

Commanding Officer

USCG Aircraft Repair & Supply Center
Aftn: Industrial Systems Manager (ISM)
1664 Weeksville Rd

Elizabeth City, NC 27909-5001

Figure 1.
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USCG Application - PDF Document


8.

Action items

There was one major action item for completion after the meeting, and several
smaller items:

1.

Users agreed to supply their requirements for various applications,
and vendors to identify COTS products that meet those
requirements, match against commercial specs, and provide
supporting data if it can be made available.

Information needed from suppliers on wipe processes that might replace
wash primers. To be sent to John Beatty, ARL.

NAVAIR needs to transfer information to vendors on how to make TCP
work well in production. Several commercial users noted that COTS
versions do not seem to work as well as the NAVAIR lab process does.

Specify requirements for Zn alloy coatings beyond the 96 hr B117
requirement. This will be done in completing Item 1.

Change MIL-DTL-5541 to eliminate requirement for monthly testing on
2024 Al. Steve Brown followed up on this, see Section 6.3.

To complete Action Item 1, below (blue paper clip) is an Excel spreadsheet to be
loaded with user requirements and COTS products. The data will then be put
into a form in which users can readily see which COTS products best match their
applications, what performance data is available, and what additional testing may
be needed. This database matching COTS products with requirements will be
issued as a document or web database.

b
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Requirements

		Requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with test designation, specimen type, required performance, approx number of tests required.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg																Click to e-mail Keith Legg

		Organization:

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion Scribed

		Corrosion (Scribed Paint)

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		Paint Adhesion

		NOTES:



Click to e-mail Keith Legg



R (2)

		Requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with test designation, specimen type, required performance, approx number of tests required.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg																Click to e-mail Keith Legg

		Organization:

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion other

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		Notes:



Click to e-mail Keith Legg



R (3)

		Requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with test designation, specimen type, required performance, approx number of tests required.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg																Click to e-mail Keith Legg

		Organization:

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion other

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		Notes:



Click to e-mail Keith Legg



R (4)

		Requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with test designation, specimen type, required performance, approx number of tests required.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg																Click to e-mail Keith Legg

		Organization:

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion other

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		Notes:



Click to e-mail Keith Legg



R (5)

		Requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with test designation, specimen type, required performance, approx number of tests required.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg																Click to e-mail Keith Legg

		Organization:

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion other

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		Notes:



Click to e-mail Keith Legg



R (6)

		Requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with test designation, specimen type, required performance, approx number of tests required.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg																Click to e-mail Keith Legg

		Organization:

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion other

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		Notes:



Click to e-mail Keith Legg



R (7)

		Requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with test designation, specimen type, required performance, approx number of tests required.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg																Click to e-mail Keith Legg

		Organization:

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion other

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		Notes:



Click to e-mail Keith Legg



R (8)

		Requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with test designation, specimen type, required performance, approx number of tests required.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg																Click to e-mail Keith Legg

		Organization:

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion other

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		Notes:



Click to e-mail Keith Legg



R (9)

		Requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with test designation, specimen type, required performance, approx number of tests required.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg																Click to e-mail Keith Legg

		Organization:

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion other

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		Notes:



Click to e-mail Keith Legg



Product

		Products meeting requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with data matching requirements in Requirements Sheets.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg with questions - (847) 680 9420; kle																Click to e-mail Keith Legg

		Company:

		Product name(s):

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion other

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		DoD specs approved

		DoD specs applied for

		Commercial applications

		Commercial specs

		Notes:



Click to e-mail Keith Legg



P (2)

		Products meeting requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with data matching requirements in Requirements Sheets.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg with questions - (847) 680 9420; kle																Click to e-mail Keith Legg

		Company:

		Product name(s):

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion other

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		DoD specs approved

		DoD specs applied for

		Commercial applications

		Commercial specs

		Notes:



Click to e-mail Keith Legg



P (3)

		Products meeting requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with data matching requirements in Requirements Sheets.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg with questions - (847) 680 9420; kle																Click to e-mail Keith Legg

		Company:

		Product name(s):

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion other

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		DoD specs approved

		DoD specs applied for

		Commercial applications

		Commercial specs

		Notes:



Click to e-mail Keith Legg



P (4)

		Products meeting requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with data matching requirements in Requirements Sheets.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg with questions - (847) 680 9420; kle																Click to e-mail Keith Legg

		Company:

		Product name(s):

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion other

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		DoD specs approved

		DoD specs applied for

		Commercial applications

		Commercial specs

		Notes:



Click to e-mail Keith Legg



P (5)

		Products meeting requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with data matching requirements in Requirements Sheets.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg with questions - (847) 680 9420; kle																Click to e-mail Keith Legg

		Company:

		Product name(s):

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion other

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		DoD specs approved

		DoD specs applied for

		Commercial applications

		Commercial specs

		Notes:



Click to e-mail Keith Legg



P (6)

		Products meeting requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with data matching requirements in Requirements Sheets.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg with questions - (847) 680 9420; kle																Click to e-mail Keith Legg

		Company:

		Product name(s):

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion other

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		DoD specs approved

		DoD specs applied for

		Commercial applications

		Commercial specs

		Notes:



Click to e-mail Keith Legg



P (7)

		Products meeting requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with data matching requirements in Requirements Sheets.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg with questions - (847) 680 9420; kle																Click to e-mail Keith Legg

		Company:

		Product name(s):

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion other

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		DoD specs approved

		DoD specs applied for

		Commercial applications

		Commercial specs

		Notes:



Click to e-mail Keith Legg



P (8)

		Products meeting requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with data matching requirements in Requirements Sheets.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg with questions - (847) 680 9420; kle																Click to e-mail Keith Legg

		Company:

		Product name(s):

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion other

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		DoD specs approved

		DoD specs applied for

		Commercial applications

		Commercial specs

		Notes:



Click to e-mail Keith Legg



P (9)

		Products meeting requirements for different chromate applications

		Instructions:		Go to an empty sheet. Fill in with data matching requirements in Requirements Sheets.  Add other tests in Column A.  Add other applications after Column L.  Put in as much detail as you want.  Call or e-mail Keith Legg with questions - (847) 680 9420; kle																Click to e-mail Keith Legg

		Company:

		Product name(s):

		Application		Vehicle wash primer		Al in vehicles		Mg in vehicles		Zn coating (galvanize)		Aircraft Al structural		Aircraft Al skin		Aircraft Mg (gearboxes etc)		Al coatings (IVD, sprayed, AlumiPlate)		Zn-Ni electroplate		Other electroplate

		Corrosion B117 (salt fog)

		Corrosion G85 (SO2 salt fog)

		Corrosion GM9540

		Corrosion other

		Hydrogen embrittlement

		Hydrogen re-embrittlement

		Fatigue

		Abrasion

		Erosion

		Wear

		Lubricity

		Torque-tension

		Breakaway torque

		DoD specs approved

		DoD specs applied for

		Commercial applications

		Commercial specs

		Notes:



Click to e-mail Keith Legg



File Attachment
Chromate requirements template - Excel file


APPENDIX 1. ATTENDEES

Attendees and their contact information are provided in the file below. Double
click on the blue paper clip.
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List of Attendees

Last Name First Name Organization Email Address Telephone
Ackerman William Engineered Surface Finishes william.ackerman@cabotcmp.com 630-375-2011
Assink Warren AFRL Warren.Assink@wpafh.af.mil 937-904-0151
Baker Glen Hill AFB Glen.baker2@hill.af. mil 801-775-5596
Battle Steve Robins Weapon System P2 steven.battle@robins.af.mil 478-327-4589
Beachum Dan Walgren Company danb@walgren.com 616-942-8910
Bean Stan Northrop Grumman Corp. stanley.bean@ngc.com 310-350-5595
Beatty John US Army Research Lab jbeatty@arl.army.mil 410-306-0869
Berman Elizabeth Air Force Research Lab elizabeth.berman@wpafb.af.mil 937-656-5700
(AFRL/HLSC)
Berry Robert MacDermid, Inc. rberry@macdermid.com 203-575-5764
Bishop Craig Atotech USA craig.bishop@atotech.com 803-326-3436
Bondaruk Bob PEWG/Anteon bob.bondaruk.ctr@tinker.af.mil 937-255-0444 x3183
Brady Randall Deft Inc tkedeltapi@aol.com 949-922-8531
Brown Steven NAVAIR Patuxent River steven.a.brownl@navy.mil 301-842-8101
Buchi Richard Pantheon Chemical rbuchi@pantheonchemical.com 623-780-2296
Ciejka Joseph Luster-On Products joe@luster-on.com 413-739-2541
Clark Layne AIS layne @AISDirect.com 801-725-2552
Clark Matthew Henkel matthew.clark@us.henkel.com 248-577-8342
Crook Phil Hill AFB john.crook@Ahill.af.mil 801-586-9362
Delawder Rick SWD Inc rdelawder@swdinc.com 630-543-3003
Devitt Charles Emerson/ASCO Power cdevitt@asco.com 973-966-5360
Technologies
Donaldson Kelly Alumiplate khdonaldson@alumiplate.com 763-786-3788 ext 13
Emery Bill Southwest United Industries bemery@swunited.com 918-587-4161
Feathers Mark AMCOM G-4, Redstone Arsenal mark.feathers@redstone.army.mil 256-842-7355
Finch Joseph DRPM AAA Expeditionary Force finchjr@efv.usmc.mil 703-490-6022
Fighting Vehicle
Fiore Anthony Enthone afiore@cooksonelectronics.com 203-799-4958
Gallerani Peter Integrated Technologies Inc pgallerani@processengineer.com 802-684-1016
Gasky Jennifer NASA/Jacobs Engineering Jennifer.L.Gasky@nasa.gov 256-544-3704
Gaydos Steve The Boeing Company stephen.p.gaydos@boeing.com 314-233-3451
Gilman Mary Boeing C-17 Pollution Prevention mary.a.gilman@boeing.com 562-982-8254
Gomez Fernando J. Akzo Nobel fernando.gomez@akzonobel.com 312-544-7100
Hannapel Jeffrey The Policy Group jhannapel@thepolicygroup.com 202-457-0630
Hanson Mike U.S. Coast Guard Michael.L.Hanson@uscg.mil 252-335-6451
Henderson  Jeff AIS jhenderson@AISDirect.com 801-814-2551




mailto:william.ackerman@cabotcmp.com
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Last Name First Name Organization Email Address Telephone
Herron Robert US Army RDE Command Robert.A.Herron@us.army.mil 256-876-5061
Houff Jeffrey HydroGeologic, Inc jhouff@hgl.com 703-736-4560
Howison Stephen US Army Aviation & Missile stephen.howison@redstone.army.mil  256-876-6129
(Scott) Command, Redstone Arsenal
Hughes Nate Hill AFB Nathan.Hughes@HILL.af.mil 801-940-7904
Janowicz Mike Dept of National Defence, janowicz.mk@forces.gc.ca 613-9901438
Canada
Jennings James NAVSEA Warfare Center james.c.jennings@navy.mil 215-897-7869
Jolley Bryce Hill AFB Bryce.jolley@hill.af.mil
Keene Richard Warner Robins AFB richard.keene@robins.af.mil 478-222-4090
Kelly Dave Asko Processing Seattle davek@askogroup.com 206-634-2080
Kelly Mike Taskem mkelly@taskem.com 216-351-1500
Kloeckener  James Enthone jkloeckener@cooksonelectronics.com 860-389-6692
Knightly Slade Hill AFB slade.knightly@hill.af.mil 801-586-1950
Laguines Frederick ES3 fred.laguines@es3inc.com 478-258-2889
Lavender Todd Warner Robins AFB todd.lavender@robins.af.mil 478-327-4589
LeBlanc Carole Emerging Contaminants, Office  carole.leblanc@osd.mil 703-604-1934
of the Deputy Under Secretary of
Defense
Legg Hillary Rowan Technology Group hlegg@rowantechnology.com 847-680-9420
Legg Keith Rowan Technology Group klegg@rowantechnology.com 847-680-9420
Lehoczky Sandor NASA/Marshall Space Flight Sandor.L.Lehoczky@nasa.gov 256-544-7758
Center
Lesiak Stan Engineered Surface Finishes stanley_lesiak@cabotcmp.com 630-375-5577
Lindemann  Ray CST-SurTec, Inc. rclest@aol.com 440-29-9710
Lindstedt John Artistic Plating jsl@artisticplating.com 414-271-8138
Lloyd Shannon Concurrent Technology Corp lloyds@ctc.com 614-444-5841
Masiwchuk  Jeffrey PPG Aerospace masiwchuk@ppg.com 425-398-2224
McKinley Gene ASC/ENVV Wright-Patterson gene.mckinley@wpafb.af.mil 937-255-3596
AFB
Mehring Robert Fleet Readiness Center, Cherry  robert.mehring@navy.mil 252-464-5040
Point
Miller Chester Department of Energy Chester.Miller@EM.DOE.GOV 202-586-3952
Montgomery Ron Hill AFB Ron.Montgomery@hill.af.mil 801-777-5739
Morris Eric Deft, Inc. eric@deftfinishes.com 949-476-6740
Newman Pierce Eldorado Chemical pnewman@eldoradochem.com 210 279 8413
Newton Richard Warner Robins AFB Richard.A.Newton@robins.af.mil 478-222-4851
Nickerson Bill NAVAIR Materials Engineering william.nickerson@navy.mil 301-342-8864
O’Keefe Matt University of Missouri — Rolla mjokeefe@umr.edu 573-341-6764




mailto:richard.keene@robins.af.mil

mailto:slade.knightly@hill.af.mil
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mailto:mjokeefe@umr.edu



Last Name First Name Organization Email Address Telephone
Osborne Joe The Boeing Company joseph.h.osborne@boeing.com 425-237-8518
Patel Ramesh Boeing ramesh.j.patel@boeing.com 480-891-2876
Petties Lamar USMC Maintenance Center lamar.petties@usmc.mil 229-639-6826
Albany
Phillips Caron CsC cphillips8@csc.com 202-548-4171
Prado Ruben Naval Air Systems Command, ruben.prado@navy.mil 904-542-3444 ext 106
FRC SE
Price Kimberly Luster-On Products kprice@luster-on.com 413-739-2541
Radzvilowicz Joe Metalast International jradz@metalast.com 775-782-8324
Randolph Jay ES3 jay.randolph@es3inc.com 478-957-1278
Rivers Thomas USMC Maintenance Center Thomas.Rivers@usmc.mil 229-639-7743
Albany
Rossi Anthony Lockheed Martin Corp. anthony.m.rossi@Imco.com 817-763-4418
Rowley Matt AIS matt@AISdirect.com 801-644-4391
Sartwell Bruce Naval Research Lab sartwell@nrl.navy.mil 202-767-0722
Sauer John Sauer Engineering jopsauer@fuse.net 513-290-3617
Sirchio Scott NSWCCD scott.sirchio@navy.mil 301-227-5196
Smith Benjamin Hill AFB Benjamin.Smith@Hill.af.mil 801-586-8397
Stewart Dean Southwest United Industries mrussell@swunited.com 918-587-4161
Toepke Sheldon The Boeing Company, Retired stoepke@netscape.com 573 256-1897
Torok Frank Henkel frank.torok@us.henkel.com 913-488-5810
Traficante Mary Atotech USA mary.traficante@atotech.com 803-817-3585
Vallejo Gus Alumiplate gvallejo@alumiplate.com 763-786-3788 ext 15
Wass Lorraine NAVAIR JG-PP liwass@surfbest.net 207-384-5249
Wicklund Keith Honeywell keith.j.wicklund@honeywell.com 612-951-5517
Wiser Doug ES3 doug.wiser@es3inc.com 801-926-1150 ext 369
Wittke William Henkel bill.wittke@us.henkel.com 248-589-4632
Zdero Mirko Goodrich Landing Gear mirko.zdero@goodrich.com 905-827-7777 ext 3250
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File Attachment
Attendee list updated - PDF document


APPENDIX 2. VENDOR LITERATURE

Atotech information 8

Enthone information

Luster-On information @

MacDermid information 8

Pantheon Chemical information @

2L T A

Taskem information @
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For product information contact:

Pretreatments, Aluminum, and Paint Support
Technologies:

John Kochilla

WW Cleaners, Strippers, Pretreatments/ Paint
Support Technologies Product Manager
803.326.3439 (Office)

216.4966266 (Mobile)
john.Kochilla@atotech.com

Atotech’s
_ SlEERG
__Technologies

All other:

Mary C. Traficante

Automotive Industry Manager, Americas
803.817.3585 (Office)
mary.traficante@atotech.com

s

Environmentally Sound - General Metal Finishing Processes:
1.1. Metal pretreatment and aluminum post treatments
1.1.1. Steels
1.1.1.1. Biologically augmented low temperature, extended lifetime, non nonyl
phenol cleaners — Uniclean Bio®, UniPrep®
1.1.2. Aluminum treatments including passivation and pre-paint
1.1.2.1. Non cyanide zincates — TriBond® II, AlumSeal® 650
1.1.2.2. Non hexavalent post treatments,
1.1.2.2.1. Trivalent chrome based post treatments — Interlox® 338 (ZrCr)
1.1.2.2.2. Non chrome based post treatments — UniPrep® PP (borate ester),
Interlox® 5704(ZrMn), Interlox 5705(ZrMg)

1.1.3. Desmutt
1.1.3.1. Reduced NO, non HF Alumetch®
1.1.4. Rubber bonding for steel and aluminum
1.1.4.1. Interlox® series, and Uniprep® series products
1.2. Paint support products
1.2.1. Paint strippers — Master Remover, Rostrip®
1.2.2. Biologically augmented paint detackification processes KLEER AID®
1.3. Decorative plating products
1.3.1. Electrolytic trivalent chromium electroplating processes for decorative applications
TRICHROME® plus, TRICHROME® smoke
1.4. Functional electronics products
1.4.1. Lead free solders and alloys — Stannopure®
1.5. Wear resistant coatings (also see 1.7, tribological coatings)
1.5.1. Iron phosphorous electroplating for aluminum Ferroplate®
1.5.2. Lead and Cd free electroless nickel plating Nichem® 11
1.6. Corrosion resistant coatings
1.6.1. Non cyanide electrolytic zinc, Protolux® alkaline processes, Zylite® acid
processes, and alkaline zinc alloy Protedur® processes with zinc crystallographic
structure and TruPlate® mechanical zinc and zinc alloy processes.
1.6.2. Cadmium alternatives:
1.6.2.1. Highly conductive non cyanide electrolytic tin zinc alloy — Reflectalloy®
Snzn (mildly acidic), and TruPlate mechanical tin zinc.
1.6.2.2. Corrosion resistant electrolytic non cyanide alkaline, 12-16% Ni, y phase
zinc nickel processes:
1.6.2.2.1. Reflectalloy® ZnA (bright (600) oriented y phase ZnNi for barrel or
rack),
1.6.2.2.2. Reflectalloy® HD (ductile (110) oriented y phase ZnNi for rack),
1.6.2.2.3. Reflectalloy® TF ((110) oriented and subsequent organic layers).
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1.6.2.2.4. ZiNNi® Acid Non ammonia acidic y phase ZnNi for corrosion
resistance

1.6.3. Post plating processes

1.6.3.1. Trivalent chrome passivation processes — Ecotri®, Tridur® processes,

cobalt free Rodip® ZnX

1.6.3.2. Inorganic seals — Rogard® processes

1.6.3.3. Organic seals — Corrosil® processes

1.6.3.4. Organometallic seals — Sealer 300W

1.7. Tribological coatings

1.7.1. For torque tension, mandrel endurance, and anti galling —

1.7.1.1. Rogard® Lube dry film processes,

1.7.1.2. Corrosil® integral seals and lubricants,

1.7.1.3. Tridur® Enhancer for inverted lubrication
1.7.2. Electroless nickel processes:

1.7.2.1. Composite PTFE NiP, cold flow resistant (tested to 20°K) - Niflor®

1.8. Energy and materials saving processes
1.8.1. Dynachrome® automated contained hexavalent chrome plating module.
1.8.2. Dynaglide® automated contained zinc and zinc alloy plating/painting module.
1.8.3. EDEN® electrodialysis for electroless nickel material conservation module.
1.8.4. Tricotect® ion exchange process for material conservation of trivalent passivates.
1.8.5. Nikotect® purification system for material conservation in nickel plating.
1.8.6. ZypHex® purification system for material conservation in acid zinc plating
processes
1.8.7. UniClean Bio® low temperature cleaners
1.8.8. Fuel cell reactor products
1.8.9. Electrodeposited photovoltaic
materials

Environmentally Sound Electronics
Chemistries:
2.1. Surface treatment
2.1.1. Alternative oxide for bonding
innerlayers — Bondfilm®, Secure HTG®
2.1.2. Resist adhesion promoters —
Ferroetch®, Cupraetch® AE
2.2. Final Finish
2.2.1. Electroless Nickel/Immersion Gold —
Aurotech®
2.2.2. Universal finish — PD-Tech-PC
(Nickel/Palladium Gold) for gold and
aluminum wire bonding.
2.3. Copper Plating
2.3.1. DC and pulse plating - Cuprapulse,
Cupracid TP
2.3.2. Electroless copper — Printoganth® PV,
Printoganth® P






Featured Products (Interlox 338)

Pretreatment Technology | Product Profile

Interlox 338

Trivalent Passivate for Aluminum Alloys

Cleaning Stripping Pretreatment by ‘A’ ATOTECH

Interlox 338

is a liquid passivate and prepaint
treatment based upon trivalent
chromium. Applied by immersion or
spray application, it produces a uni-
form conversion coating on wrought
and cast aluminum alloy surfaces.
The process is easy to control with
long solution life that delivers consist-
ent performance. It represents the
latest in environmental compliance
that benefits from a low temperature,
energy efficient operation.

Interlox 338

coatings provide excellent corrosion
resistance with superior paint and
coating adhesion. Performance is
comparable to conventional conver-
sion coatings providing an ideal x*mchromiumfree
alternative to hexavalent chromium
processes. >> Produces a clear, slightly indescent
film on aluminum alloys

>> Excellent corrosion resistance

>> Excellent adhesion with conven-
tional wet paints and powder
coatings

>> Exhibits low electrical resitance,
critical for any electronic application

>> ELV, WEEE, and RoHS compliant

@ ATOTEcH Atotech USA Inc. « 1750 Overview Drive » Rock Hill, SC 29730-2000
o

Tel.:{(+1) 8 03-817-35 00 » Fax:(+1) 8 03-816-35 51 » www atotechusa.com






Featured Product (Master Remover 4000)

Paint Support Technology | Product Overview

Master Remover
A 4000

Paint Supgort Technology by A" ATOTECH

Paint Removal Process

Master Remover 4000
is a dual-phase paint removal process

utilizing bioremediation and filtration to
significantly extend bath life. Applied
by spray or immersion, this methylene
chloride-free formula is capable of
breaking the bond between metal

and paint, leaving a clean stripped
substrate that can be re-painted and/or

re-worked.

Master Remover 4000

paint removal process exhibits fast Features

anpplng !'ates and .Emended life under A global automotive OEM trusted Mas-

hlgh loading capaglty_and closed loop ter Remover on this historic >> Long-life, dual-phase
environments. Stripping performance  component, which now resides fully process

is comparable to conventional restored in a prestigious museum >> Effective for strippi
methylene chioride paint removal B isEippINg
processes, and is proven to be Wel and powrler pant
effective for stripping wet and powder from steel, cast iron,

noble metals, super
alloys, magnesium
alloys and most
copper alloys

>> Fast stripping rate by
spray and immersion
applications

>> Methylene chloride-
free

>> High loading capacity

paints.

rny Atotech USA Inc. + 1750 Overview Drive « Rock Hill, SC 29730-2000
e ATOTECH Tel: (+1) 803-817-3500 « Fax: (+1) 803-817-3551 » www.atotechusa.com

(C) Atotech USA Inc.—4/2007
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Single-component replenishment zinc process provides outstanding brightness,
improved thickness distribution and optimum plating speed.

ENTHOBRITE CLZ-953

| ALKALINE

ENTHOBRITE NCZ
DIMENSION

ZINCROLYTE NCZ-191
ZINCROLYTE NCZ-191 NS

OBALT (ACID)

Rack/Barrel

ZINCROLYTE NCZ-315 Rack/Barrel

Rack/Barrel

ZINCROLYTE CLZ-Co Rack/Barrel

Rack/Barrel

Rack/Barrel

Alkaline non-cyanide zinc-nickel electroplating process provides superior thermal
and corrosion protection compared to conventional zinc deposits of equal thickness.
Produces deposits that readiily accept clear, iridescent, and black chromate
conversion coatings.

Alkaline non-cyanide zinc and zinc alloy electroplating process produces bright ductile
deposits which readily accept bright blue, iridescent, bronze and black chromate
conversion coatings on both conventional zinc and zinc alloy deposits. When properly
chromated, the alloy deposit provides up to three times the corrosion protection
versus conventional zinc deposits of equal thickness. Zinc alloy deposits are very
ductile and exhibit excellent corrosion resistance after post-plate forming.

High corrosion resistant, potassium chloride based zinc cobalt provides up to three
times the corrosion protection available from zinc deposits of equal thickness. Bright,
ductile deposits readily accept chromate conversion coatings.

Two-component, bright acid zinc process delivers exceptional deposit thickness
distribution, high plating speeds and outstanding coverage in deeply recessed areas.

Non-cyanide zinc provides excellent distribution over a broad current density
range. Delivers ductile, level zinc deposits. Simplified waste treatment.

Ammoniated, bright zinc-nickel alloy process formulated to provide a corrosion :
resistant deposit on ferrous coatings. Produces decorative and functional, fine
grained or bright deposits that exhibit excellent hardness, thermal resistance, i
abrasion resistance and adhesion of subsequent paint finishes.






[ TRIVALENT

Black Produces a black conversion coating on rack and barrel plated zinc-iron, zinc-cobalt or
zinc-cobalt-iron deposits. Used in combination with ENSEAL sealants, the process is a
direct replacement for hexavalent black chromates. Meets the ELV Directive to eliminate
hexavalent chromates from corrosion resistant finishes.

PERMA PASS® 7012

Exceptional corrosion resistance. Well suited to meet automotive industry standards when
used with ENTHOBRITE or ZINCROLYTE zinc and an ENSEAL sealant.

fear without clouds or staining. The room |

PERMA PASS 3082 Produces light colored passivate layers that are ¢
temperature process delivers more than 200 hours corrosion protection in neutral saft

spray to white rust on rack-plated parts.

Black Economical and easy to use silver-based black conversion coating.

Chromate conversion coating for high alloy nickel deposits.

ENTHOX 7784 Black

Black Post treatment for black chromated zinc alloys. Ensures enhanced corrosion
resistance and film hardness.

ENTHOX 7705

ENTHOX 7701 Iridescent/Yellow Conversion coating for use on zinc-nickel rack and barrel applications.

ENTHOX 747 OD Olive Drab

Conversion coating for use on zinc, zinc-iron and zinc-cobalt alloy deposits. May be used

ENTHOX 780 Yellow
in rack or barrel applications.






" ENSEAL® 110

ENSEAL 120

ENSEAL 21
ENSEAL 26
ENSEAL 29
ENSEAL C22
ENSEAL C23

Water-based sealant for trivalent Kassivates over zinc and alloys provides exceptional corrosion protection. Applied by immersion,

it may be used alone over PERMA PASS trivalent chromium passivates or together with ENSEAL 120 as a double layer system.
Coefficient of friction range 0.12 to 0.15.

Water-based inorganic sealant for trivalent or hexavalent passivates over zinc and alloys. Compatible with brake fluid, the sealant
delivers the same superior properties when used separately over trivalent chromium passivates or in combination with ENSEAL 110.

Water-based for zinc and alloys. Coefficient of friction range 0.08 to 0.10.

Water-based for zinc and alloys. Coefficient of friction range 0.13 to 0.15.

Clear, inorganic, hard sealant for yellow and blue passivate films on zinc and zinc alloys.

Water-based, clear, ceramic seal for zinc alloys. Coefficient of friction range 0.13 to 0.15. Rack or barrel applications.

Water-based, clear, ceramic seal. Coefficient of friction range 0.16 to 0.18.






i

ENPLATE® EN-333LF

ENfinity® 12

ENFINITY 9LF

ENPLATE EN-806

ENfinity 4LF

ENPLATE NI-428
ENLUBE? Dispersion No. 2

ENPLATE NC-4732

ENPLATE STOP-OFF No. 1

High Phosphorus
Lead-free

High Phosphorus
Long Life

Mid Phosphorus
Cadmium and Lead-free
Long Life

Mid Phosphorus
Cadmium and
Lead-free

Low Phosphorus
Cadmium and Lead-free
Long Life

PTFE Composite

Poly Alloy

Maskant

Lead-free, high speed EN process meets industry initiatives such as the
End-of-Life Vehicle Directive (ELV), the European Union’s Reduction of
Hazardous Substances (RoHS), and the Waste from Electrical and Electronic
Equipment (WEEE). Excellent stability and consistent plating rate. Offers

an exceptional operating flexibility and a wide operating window.

A revolutionary new “long life", high phosphorus electroless nickel
technology. The process provides consistent deposit properties over an
extended operating life without the use of expensive electrodialysis (ED)
equipment, costly steady state operation (bleed and feed) or expensive
chemical alternatives.(e.g. nickel hypophosphite). ENfinity 12 yields the
most constant plating speeds versus conventional electroless nickel
processes. Deposits of ENfinity 12 will maintain internal compressive stress
through 20 MTO, thus yielding the lowest cost of ownership versus all
other high phosphorus EN processes on the market today. Sulfate-free,
ENfinity 12 is pH self-regulating and is available as a three-component
process for either ammonia or ammonia-free operation.

"Long life” electroless nickel process designed to produce consistent
deposit properties and solution operating conditions over an extended
operating life. Deposits maintain internal compressive stress beyond

16 MTOs. By adjusting the pH, the process has the unique capability to
produce deposits within a phosphorus content range of 7.5 to 12%. This
feature provides the flexibility to operate ENfinity 9LF as both a mid and
high phosphorus EN process.

Cadmium and lead-free, high speed EN process meets industry initiatives
such as the End-of-Life Vehicle Directive (ELY), the European Union’s
Reduction of Hazardous Substances (RoHS), and the Waste from Electrical
and Electronic Equipment (WEEE). Excellent stability and consistent plating
rate. Offers an exceptional operating flexibility and a wide operating window.

“Long life” electroless nickel process designed to produce consistent
deposit properties and solution operating conditions over an extended
operating life. Deposits maintain internal compressive stress and high as-
plated hardness beyond 16 MTOs.

An electroless nickel composite plating process that incorporates PTFE
(polytetrafluoroethylene) at 20 to 25% by volume as occluded particles in
the plated deposits. This unique plating process is specially designed to
produce a consistent amount of uniformly dispersed PTFE throughout the
nickel matrix in order to insure optimum performance from the coating.
This process will produce a nickel PTFE deposit with consistent adhesion
over the life of the plating solution.

Nickel-cobalt-phosphorus EN process provides dry lube wear resistance.
Ideally suited for high sliding wear applications.

Stop-off maskant for EN plating on steel, aluminum, copper and
copper alloys.
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s — Trivalent Chromate for Aluminurr
contains no Hexavalent Chrome

ALUMINESCENT

DAWN OF A NEW ERA IN ALUMINUM CHROMATING

QPL Approyved for Mil Spec 5541F

MEETS ROHS AND ELV EUROPEAN DIRECTIVES

Luster-On Aluminescent is a powdered product used to form a chromate conversion coating on
aluminum surfaces without the use of hexavalent chromium. Aluminescent is a replacement for
yellow or clear hexavalent chromates and provides excellent corrosion protection at low cost and
forms a base for paint, lacquer, or rubber bonding. The chromate can be applied by dip, spray,
brush, swab, or roll coating, requires no electric current, cooling or exhaust. Luster-On Alumi-
nescent yields clear, slightly iridescent films while forming a protective surface with lower elec-
trical resistance than anodizing. Luster-On Aluminescent is suitable for both wrought and cast
aluminum alloys and is designed for ease of operation with minimum control.

Licensed from the U.S. Navy under U.S. patents 6,375,726;6,511,532;6,521,029;6,527,841

Luster-On Products, Inc. 54 Waltham Avenue Springfield, MA 01109
800-888-2541 Fx 413-731-5549
www.luster-on.com






New — High Performance Trivalent Chromate
for Zinc

TRIDESCENT

Parts processed in Luster-On Acd Zinc
and Tridescent
125 salt spray hours to white rust

Luster-On Tridescent is a uniquely formulated
trivalent chromium based single dip chromate
for zinc. The film has extraordinary corrosion
protection exceeding specifications for iridescent
yellow processes including ASTM B-633, Type
Il. Itis approved for use to comply with the
requirements of GM W 3044. Luster-On
Tridescent will meet or exceed automotive re-
quirements for the European Community ELV
initiative. The steady state chemistry assures
repeatable and uniform greenish, slightly irides-
cent coatings throughout the chromate's long

lifetime. U.S patent # 6,287,704

Luster-On Tri Black — AK is a single compo-
nent liquid which forms a hex-free, black con-
version coating over zinc electrodeposits com-
ing from an alkaline electrolyte. When prop-
erly sealed, the film has a bright, glossy black
appearance resistant to staining, tarnishing and
white corrosion products.

Luster-On Products, Inc. 54 Waltham Avenue Springfield, MA 01109
800-888-2541 Fx 413-731-5549
www.luster-on.com
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EE! MacDermid

Industrial Solutions

MacDermid, Inc. — Select Listing of RoHS Compliant Chemical Processes
currently available in the General Metal Finishing and Electronics industries

1. General Metal Finishing Processes:

1.1 Metal pretreatment and aluminum post treatments
1.1.1. Steels

1.1.1.1. Environmentally friendly multipurpose alkaline cleaner, chlorinated solvent
replacement, USDA approved — New Dimensions Supreme

1.1.1.2. Mild, organic acid, biodegradable cleaner and rust remover, Nitric acid replacement
for passivating stainless steel per ASTM A967 - New Dimensions ND 10

1.1.1.3. Citrus based Degreaser — Chlorinated and petroleum hydrocarbon solvent
replacement — New Dimensions Citagold

1.1.1.4. High performance soak & electrocleaner system with the capability to adjust
alkalinity and detergency to meet the needs of the application — Isoprep 560L plus
ARP 600S

1.1.2 Aluminum treatments including passivation and pre-paint
1.1.2.1 Non cyanide zincates — Bondal CF and Metex 6811
1.1.2.2 Non-Nitric zincate stripper — Alprep 291A
1.1.2.3 HF Free Deoxidizer/Desmut — Metex Etch Salts
1.1.2.4 Non hexavalent pre-treatments and conversion coatings
1.1.2.4.1 Mil Spec approved, Chromium-free conversion coating for Aluminum,
provides bare corrosion protection and adhesion promotion — Iridite NCP
1.1.2.4.2 Trivalent chrome based conversion coating for Aluminum — Iridite TCP
1.1.3 Magnesium Treatments
1.1.3.1 Non cyanide zincate for Magnesium plating — Bondal Mg
1.2 Paint Support Products
1.2.1 Non chrome black urethane, high corrosion protection electrostatic coating — Matte Black 180 CF
1.2.2 Non chrome silver urethane coating — PolyMac Silver
1.2.3 Safe solvent paint stripper — M-Treat Bio

1.3 Decorative plating products
1.3.1 Electrolytic trivalent chromium electroplating processes for decorative applications -
TriMac 111, Twilight (black chrome)

1.4 Wear resistant coatings - Electroless Nickel

14.1 Lead and Cd free electroless nickel plating - NiKlad ELV series of EN’s - low-phos
ELV 805, mid-phos ELV 809, high-phos ELV 811
1.4.2 Organically stabilized, Lead and Cd Free electroless nickel — no metallic stabilizers —

Niklad ELV LMO
14.3 EN/PTFE Electroless Nickel — Niklad ICE with ELV 811

1.5 Corrosion resistant coatings
15.1 Non cyanide electrolytic zinc - Envirozin 100 (Barrel Alkaline Zinc), Envirozin 120
(Rack Alkaline Zinc), Envirozin Genesis (High speed alkaline zinc), Isobrite 424 (barrel
and rack Alkaline Zinc), Envirozin Prima (Bright Alkaline Zinc system), Kenlevel 111,
Kenlevel Select (Acid Chloride Zinc), Kenlevel XP (High performance chloride Zinc)

152 Non cyanide Mechanical Zinc and Zinc Alloy processes, zero hydrogen embrittlement —
MacuGuard XL, MacuGuard Almac, and MacuGuard LM
15.3 Cadmium alternatives:
MacDermid, Inc. Phone 203-575-5700
245 Freight St. Fax 203-575-7970

Waterbury, CT 06702 www.macdermid.com





iii MacDermid

Industrial Solutions

1.5.3.1 Electrolytic tin zinc alloy — Enviralloy SN
1.5.3.2 Mechanical tin zinc alloy — MacuGuard XL tin zinc
1.5.3.3 Mechanical zinc aluminum alloy — MacuGuard LM
1.5.3.4 Electrolytic zinc nickel alloy plating:
1.5.3.4.1 Bright acid zinc/nickel for barrel and rack — IsoBrite 570

1.5.3.4.2  High corrosion protection alkaline zinc/nickel — 12-15% Ni — for rack and
barrel plating — Enviralloy NI 12-15
1.5.3.4.3  Alkaline zinc nickel — 8-12% Ni — Nyzin 1200
154 Post plating processes
1.5.4.1 Trivalent chrome passivation processes — Tripass Passivates — clear, blue, iridescent,
yellow and black
1.5.4.2 Inorganic seals — JS 500, 600, 1000, 2000, Ultraseal, Hydroklad SI processes
1.5.4.3 Organic seals — Torque n’ Tension, HydroKlad, Hydrolac, Aqualac processes

1.6 Tribological coatings
1.6.1 For torque tension, mandrel endurance, and anti galling —
1.6.1.1 Dry film processes — Phosphotex Dry to Touch Qil
1.6.1.2 Integral seals and lubricants — Torque n’ Tension fluid systems

1.6.2 Electroless nickel processes:
1.6.2.1 Composite PTFE Ni-P alloy EN - Nicklad ICE sytems with RoHS Compliant,
Lead and Cad free Niklad 811

2 Electronics Chemistries:
2.1 Surface treatment
2.1.1 Alternative oxide for bonding innerlayers — MultiBond 100, MultiBond HP, MultiBond LE

212 Resist and Soldermask adhesion promoters — MultiPrep products
2.2 Final Finish
2.2.1 Immersion Silver — Industry leading Sterling
2.2.2 Immersion Tin — MacStan HSR
2.2.3 Organic Solderability Preservative - M-Coat Plus
224 Electroless Nickel/Immersion Gold — Planar
2.2.5 Universal finish —Nickel/Palladium ImmersionGold) — Pallas 5.2 electroless Palladium

2.3 Copper Plating
2.3.1 DC and pulse acid copper plating — MacuSpec High Spec 2 DC Acid Copper,
2.3.2 MacuSpec PPR pulse copper
2.33 Via-Fill Copper — MacuSpec Via Fill 100
2.34 Electroless copper — M-Systems HT
2.35 Electroless alternative - Eclipse

MacDermid, Inc. Phone 203-575-5700
245 Freight St. Fax 203-575-7970
Waterbury, CT 06702 www.macdermid.com
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PreKote’

Surface Pretreatment

TECHNICAL PRODUCT DATA SHEET

PreKote is a non-chrome surface pretreatment utilizing a safe, hazard-free technology for use in the painting and coating
industries. PreKote offers superior adhesion, improved paint flexibility, and advanced corrosion protection on painted

surfaces when used as part of a coating system.

PREKOTE® TECHNOLOGY

The application process deposits a layer that bonds to the surface
of metal or composite material. The molecular layer has affinity for
metals and organic coatings which allows the coating to get closer
to the substrate surface, compared with traditional pre-treatments,
creating a stronger bond between substrate and primer or primer
and topcoat. It is important to recognize that PreKote is not a
conversion coating, does not permanently change the surface of
the substrate, and is designed to be an integral part of a coating
system, allowing for increased corrosion resistance due to a
stronger bond.

PreKote also provides a polar/non-polar molecule that attaches
itself to permanently embedded contamination and attracts the
coating. In contrast, traditional conversion coatings containing
heavy metals such as chrome or zinc have no mechanism by which
to attach themselves to permanently embedded contamination,
resulting in coating failures such as blisters and outgassing
(pinholes).

INTENDED USES

PreKote replaces the use of both chromate and non-chromate
conversion coating systems, replacing acid etches, solvent washes,
and other toxic substances on metal and composite substrates
prior to priming and painting for many applications. Also used
as an adhesion promoter for metal to metal bonding, PreKote is a
flexible surface pretreatment which can be adapted to virtually any
paint or bonding process including large surface area paint jobs,
immersion processes, and touch-up applications.

TESTED SAFE ON

Aluminum Composites
Steel Galvanized Surfaces
Magnesium Plastic Surfaces
Titanium CRES

PHYSICAL & CHEMICAL PROPERTIES:
BoilingPoint ...t 219°F (104°C)
Freezing Point .. ...t i i e i e 18°F
pH (concentrate) . ...ooveeeeenii i 10.0-11.5
VOC et e e 69.5 g/L
EvaporationRate............cooviiiiiinn.. Less Than Water
SpecificGravity ..o voe . 0.997
VaporPressure «...ovvniiiin i 0.02mm Hg at 20°C
VapOr DENSItY oottt e e 1
Water Solubility. ......cooooii i 100%
BiodegradableRate.............. ... ... ... +90% in 28 days
APPEAIANCE vt vttt ittt Clear Amber Liquid
OdOr . et Odorless
Rinsibility. ... No Visual Residual
ApplicationTemp. .o ooveveeeee i, 40-110°F (4-43°Q)

Application Humidity ......... ... ... o i, 0-100%

Permanently embedded contaminants in the pores ‘

of the metal repel standard chromate conversion

coatings resulting in frequent adhesion failures.

Primer
Chromate L : ‘ ﬁ a
Conversion = J /
Process . -
Primer
PreKote / Lugiadidey
Process

PreKote technology promotes paint
adhesion directly to permanently
embedded contaminants.

APPROVAL/CERTIFICATIONS

Boeing Commercial
Aerospace Group

EPA — Non CIU Status

US Air Force TO 1F-1A-23
US Air Force TO 1F-4C-3-1-6
US Air Force TO 1T-16A-23

Boeing Mesa
US Army Apache

US Air Force TO 1-1-8

PreKote approvals and certification are always expanding. For more
information on the following approvals/certifications or to inquire
on additional approval/certifications, please contact a Pantheon
Chemical technical representative.

PERFORMANCE RESULTS
Test Description Test Name Results
Salt Spray BMS 10-72, Test #20a ASTM B117 | Pass
Filliform Corrosion BMS 10-72, Test #20b Pass
Rain Erosion BMS 10-72, Test #23 Pass
Flexibility ASTM D4145 (passes 1/8” Pass
Mandrel Bend Test)
Wet Tape Adhesion BMS 10-72, Test 16 Pass
Corrosion Resistance ASTM G85 Annex 4 Pass
Hydrogen ASTM F519-97 Pass
Embrittlement
Paint Softening BMS D6-17487 ASTM F502 Pass
Humidity Resistance BMS 10-11, Test 24.8.2.16 Pass
(‘ Technology by
<-ﬁ>l¥\N111ECHV ©





PreKote’

Surface Pretreatment

APPLICATION

Surface preparation is the most important step to ensure a long life
in any painting application. PreKote can be used in replacement
of washing, etching, and conversion coating steps for many
application procedures. Application methods vary and can include
manual, spray, power wash, ultrasonic and other immersion
applications, or a combination of these methods.

Before PreKote Application

« Ensure that the surface area is free of loose debris, such as paint
chips or stripping residue, as well as silicon and other foreign
matter.

After PreKote Application

» Do not apply a solvent wipe.

* Prior to priming, if there is dust on the surface it can be removed
by using a water dampened, lint-free cloth. If fuels and oils are
on the surface, use a slightly PreKote dampened, lint-free cloth,
changing cloths frequently. Finish with a dry lint-free cloth wipe (in
one direction) and prime immediately.

APPLICATION METHOD EXAMPLES

LARGE AREA APPLICATION

Tools Required: PreKote, 180-240 grit aluminum oxide pads, spray
gun, rinse water (city quality or better).

Application Procedure: Spray PreKote, agitate with pads, let dwell
for 2 minutes, repeat PreKote spray and agitation, finish with a
flood rinse, allow to dry, prime, and paint.

Note: In low humidity conditions, apply PreKote in smaller areas. In
high humidity conditions, PreKote can be applied in larger areas.
Note: Look for a water break-free surface as an indicator of proper
application (typically 2-10 seconds). Repeat PreKote process if
water beads or breaks immediately.

TOUCH-UP APPLICATION

Tools Required: PreKote, 180-240 grit aluminum oxide pads, lint-
free cloth

Application Procedure: Feather area to be painted, apply PreKote
to surface with a slightly dampened, lint-free PreKote cloth, rinse
or wipe with lint-free water dampened cloth, allow to dry, prime,
and paint

IMMERSION APPLICATION

Tools Required: PreKote, acid etching fluid, rinse water (city quality
or better)

Application Procedure: Rinse, etch, double rinse (counter-flow
preferred), 2 minute dwell in PreKote, rinse, allow to dry, prime,
and paint

PRODUCT HANDLING

PreKote is used at full concentration for most applications.
Please consult with the process specific operating guide for
more information. A face shield/goggles and rubber gloves are
recommended forhandling PreKote during application. Please refer
to the MSDS for more information or contact a Pantheon Chemical
technical representative. The manufacturer's recommended shelf
life is 36 months from the date of manufacturing when maintained
in protected storage at 40-100°F (4.4-37.7°C) in closed containers.
Once opened it is recommended that the product be used within
one year. Containers should be sealed when not in use.

TECHNICAL PRODUCT DATA SHEET

SAFETY BENEFITS

PreKote is a non-chrome surface pretreatment product and is non-
toxic, non-hazardous, non-flammable, non-corrosive, CFC free,
ODS free, odor free, and readily biodegradable upon disposal.
PreKote does not require additional HAZMAT shipping charges and
can reduce rinse water usage and potentially eliminate waste water
treatment from many processes.

The US Environmental Protection Agency (EPA) awarded PreKote
for having environmentally preferable chemistry as a designation
in the Design for the Environment (DfE) award. The EPA has also
determined that PreKote is not one of the six core metal finishing
effluent operations and does not trigger categorical industrial
user (CIU) status. There are no Federal regulations restricting the
disposal of PreKote into municipal wastewater systems, however
please consult your local municipality before disposing of product.

SAFETY AND WARNING

Review Material Safety Data Sheet for appropriate health and safety
warnings before use. Material Safety Data Sheets are available
from Pantheon Chemical.

Skin: Wash thoroughly with hand soap and rinse with water.

Eyes: Flush with large amounts of water. If irritation persists, seek
medical attention promptly

Inhalation: No fumes. No precautions necessary.
Ingestion: Drink plenty of water or fruit juice.
vomiting. Seek medical aid.

Spill response: Flush with water. Mop up any remainder and

Do not induce

dispose of in normal fashion. Please follow all federal, state or local
regulations regarding the treatment of waste.

STOCK
PRODUCT AVAILABILITY
NUMBERS
PreKote® 1 Quart (6/case) 065-1002
PreKote® 1 Gallon (4/case) 065-1030
PreKote® 5 Gallon Pail 065-1040
PreKote® 55 Gallon Drum 065-1050
PreKote®
Medium Repair kit Treats 50-75 sq. ft. 065-1073
PreKote®
Large Repair Kit Treats 200-300 sq. ft. 065-1072
TO PLACE AN ORDER:
Aviall, Inc.

Toll free: 1-800-AVIALL-1
www.aviall.com

FOR ALL OTHER INQUIRIES CONTACT:
Pantheon Chemical

Toll Free: 1.888.608.7888

Phoenix Area: 623-780-2296
www.pantheonchemical.com
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Key Industry Manager (KIM) Passivate Technologies

Clear-Opalesecent:

Q

TASDIP TriMate Passivate: A thick film trivalent passivate which forms an attractive, distinct, light
iridescent film on zinc and zinc alloy plated surfaces. Provides up to 500 hours to the formation of white
rust. In addition, the TASDIP TriMate Passivate film has very high heat resistance, allowing for bake cycles
after film formation.

TASKEM Lanthane 315: A specially formulated liquid concentrate, based exclusively on trivalent
chromium compounds that produces a uniform, clear “thick film” passivate on alkaline zinc electroplated
deposits. Used in conjunction with a TASCOAT organo-mineral topcoat, parts processed with TASKEM
Lanthane 315 will provide superior white corrosion protection when tested according to ASTM B117.

TASDIP 5P043SR: A specially formulated liquid concentrate, based exclusively on trivalent chromium
compounds, that produces a clear/yellow film on low alloy (5-7%) Zn/Ni electroplated deposits. Parts
processed with TASDIP 5P043SR will provide up to 360 hours to white corrosion when tested according to
ASTM B117.

TASDIP TR-175 Passivate: A unique and highly protective post-plating treatment system for zinc and zinc
alloy deposits, except those deposited via mechanical methods. It is based on trivalent chrome compounds
that are used in combination with nano-particle technology. It exhibits at least two unique operating features:
(1) the film formed possesses self-healing characteristics which add measurably to the corrosion protection it
provides; and (2) the operating solution can be easily waste treated because the operating bath does not
contain compounds that chelate or complex metals. It produces a uniform, bright, protective film on electro-
deposited zinc surfaces. The color of the film varies slightly, depending upon the type of deposit over which
itis applied.

TASKEM Finidip 128: A specially formulated liquid concentrate, based exclusively on trivalent chromium
compounds, that produces a uniform clear/blue film on high alloy (12-15%) Zn/Ni electroplated deposits.
Used in conjunction with a TASCOAT organo-mineral topcoat, parts processed with TASKEM Finidip 128
will provide superior white corrosion protection when tested according to ASTM B117.

TASDIP TR-173 Passivate: A specially formulated process, based exclusively on trivalent chrome
compounds. A unique feature is that the passivate formed produces a uniform bright film with a slight
yellow/green pearlescence on any type of electro-deposited zinc and zinc alloy surface. The film formed
provides up to 360 hours corrosion resistance to white rust.

Blue:

TASDIP Stellar Passivate: A high polishing, single dip, blue bright trivalent passivate for zinc and zinc
alloy deposits. The TASDIP Stellar Passivate provides equal to or greater corrosion protection than
conventional hexavalent blue bright chromates.

TASKEM Finidip 124: A specially formulated process, based exclusively on trivalent chromium
compounds. When applied to a XENITH zinc deposit, TASKEM Finidip 124 forms a uniform, bright film
with a pronounced blue cast. The resultant film can provide up to 120 hours of corrosion resistance to white





Q

rust.

Trivalent Passivate Technologies (Continued)

TASDIP TC-HP: This chromate is based exclusively on trivalent chrome compounds. It forms a
pronounced blue film on any type of electro-deposited zinc surface without the use of oxidizers, like
hydrogen peroxide.

TASDIP TC-SA: This single additive trivalent chrome concentrate produces a distinct blue cast and
provides excellent corrosion protection on all types of zinc plated surfaces.

Black:

Q

TASKEM Finidip 726: A specially formulated liquid concentrate, based exclusively on trivalent chromium
compounds, that produces a uniform black film on Zn/Fe and Zn/Fe/Co electroplated deposits. Used in
conjunction with a TASCOAT organo-mineral topcoat, parts processed with TASKEM Finidip 726 will
provide up to 240 hours to white corrosion when tested according to ASTM B117. For best results, it should
be applied to a XENITH Performa Zn/Fe and Zn/Fe/Co deposit containing 0.5% - 0.7% Fe.

TASDIP 5S071: A specially formulated liquid concentrate, based exclusively on trivalent chromium
compounds, that produces a uniform black film on Zn/Fe electroplated deposits containing 0.4-0.8% by
weight Fe. The process is used in conjunction with TASDIP TR-190, a trivalent chromium post treatment.
TASDIP 55071 will provide superior corrosion protection, without the use of a silicate-based topcoat.

TASKEM Finidip 728: A specially formulated liquid concentrate, based exclusively on trivalent chromium
compounds, that produces a uniform black film on Zn/Ni barrel electroplated deposits. Used in conjunction
with a TASCOAT organo-mineral topcoat, parts processed with TASKEM Finidip 728 will provide superior
white corrosion protection when tested according to ASTM B117. For best results, it should be applied to a
XENITH Performa 280 Process Zn/Ni deposit containing 12-15% Nickel.

TASDIP TR-185AB: A specially formulated liquid concentrate, based exclusively on trivalent chromium
compounds, that produces a uniform black film on cyanide zinc electroplated deposits. Used in conjunction
with TASDIP FT-190, a trivalent chromium post treatment, TASDIP TR-185AB will provide up to 120
hours to white corrosion when tested according to ASTM B117.

TASDIP TR-185FG: A specially formulated liquid concentrate, based exclusively on trivalent chromium
compounds, that produces a uniform black film on barrel chloride zinc electroplated deposits. Used in
conjunction with TASDIP FT-190, a trivalent chromium post treatment, TASDIP TR-185FG will provide
up to 96 hours to white corrosion when tested according to ASTM B117.

TASDIP TR-185JK: A specially formulated liquid concentrate, based exclusively on trivalent chromium
compounds, that produces a uniform black film on barrel alkaline non-cyanide zinc electroplated deposits.
Used in conjunction with TASDIP FT-190, a trivalent chromium post treatment, TASDIP TR-185JK will
provide up to 120 hours to white corrosion when tested according to ASTM B117.

TASDIP TR-184FG: A specially formulated liquid concentrate, based exclusively on trivalent chromium
compounds, that produces a uniform black film on rack alkaline non-cyanide and chloride zinc
electroplated deposits. Used in conjunction with TASDIP 5S081 or TASDIP 5S075, trivalent chromium
post treatments, TASDIP TR-184FG will provide up to 96 hours to white corrosion when tested according to
ASTM B117.

TASDIP TR-186AB: A specially formulated liquid concentrate, based exclusively on trivalent chromium
compounds, that produces a uniform black film on barrel processed acid chloride zinc electroplated deposits.
Used in conjunction with TASDIP FT-190B, TASDIP TR-186AB will provide greater than 168 hours to
white corrosion when tested according to ASTM B117.
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Top Coats/Torque-Tension Modifiers

TASCOAT Finigard 111: A specially formulated organo-mineral liquid concentrate, used to impart
increased corrosion protection and torque tension modification (0.11 +/- 0.03) to zinc and zinc-alloy
electroplated surfaces. Developed to meet the demands of the automotive industry, it is designed to protect
zinc and zinc alloy finishes against corrosion in a variety of environments, including, but not limited to, the
hostile conditions found in engine compartments and on automotive exteriors. The process is suitable for
bulk electroplating applications and can be used in conjunction with hexavalent chromates or trivalent
passivates.

TASCOAT Finigard 105: A specially formulated organo-mineral liquid concentrate, used to impart
increased corrosion protection and torque tension modification (0.15 +/- 0.03) to zinc and zinc-alloy
electroplated surfaces. Developed to meet the demands of the automotive industry, it is designed to protect
zinc and zinc alloy finishes against corrosion in a variety of environments, including, but not limited to, the
hostile conditions found in engine compartments and on automotive exteriors. The process is suitable for
bulk electroplating applications and can be used in conjunction with hexavalent chromates or trivalent
passivates.

TASCOAT Finigard 460: A specially formulated organo-mineral liquid concentrate, used to impart
increased corrosion protection to zinc and zinc-alloy electroplated surfaces. Developed to meet the demands
of the automotive industry, it is designed to protect zinc and zinc alloy finishes against corrosion in a variety
of environments, including, but not limited to, the hostile conditions found in engine compartments and on
automotive exteriors. Depending upon the type of XENITH electroplating and TASDIP chromate or
passivate being utilized, it can provide corrosion protection of up to 480 hours to the formation of white rust
when salt sprayed according to ASTM B117.

Trivalent Chromium Post Treatments

TASDIP FT-190: A specially formulated liquid concentrate, based exclusively on trivalent chromium
compounds, that provides increased corrosion resistance when applied in conjunction with TASDIP TR-185
(AB, JK, FG). When applied as a post treatment, parts processed with TASDIP FT-190 will exhibit a glossy
black finish and will provide up to 120 hours to white corrosion when tested according to ASTM B117. If
additional torque tension modification is required, TASDIP 5S077 can be added to the TASDIP FT-190
solution.

TASDIP FT-190B: A specially formulated liquid concentrate, based exclusively on trivalent chromium
compounds, that provides increased corrosion resistance when applied in conjunction with TASDIP TR-
186AB. When applied as a post treatment, parts processed with TASDIP FT-190B will exhibit a glossy black
finish and will provide greater than 168 hours to white corrosion when tested according to ASTM B117. If
additional torque tension modification is required, TASDIP 5S077 can be added to the TASDIP FT-190B
solution.

TASDIP 5S081: is a specially formulated liquid concentrate, based exclusively on trivalent chromium
compounds, that provides increased corrosion resistance when applied in conjunction with TASDIP TR-
184FG. When applied as a post treatment, parts processed with TASDIP 5S081 will exhibit a glossy black
finish and will provide up to 120 hours to white corrosion when tested according to ASTM B117. If
additional torque tension modification is required, TASDIP 5S077 can be added to the TASDIP 55081
solution.

TASCOAT FR-96: A mildly alkaline, organic liquid product used in the final hot water rinse tank to
produce a solution that will produce a transparent coating that will impart a moderate degree of corrosion
protection to ferrous and non-ferrous metal surfaces. It is especially useful as a topcoat on passivated zinc
and zinc alloy electrodeposits.
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O  TASCOAT Finigard Surfact: A specially formulated wetter that can be added to TASCOAT Finigard 105
and TASCOAT Finigard 111 solutions to reduce surface tension and eliminate “tears” on difficult parts.

©2007 TASKEM, Inc. Brooklyn Heights, Ohio All Rights Reserved

XENITH, CRITERION, SIMPLEX, STARGLO, ACCLAIM, APEX, Tri-Star, SIMPLICITY, INFINITY,
INSIGNIA, CITATION, PINNACLE, PARAGON, MATRIX, JETBLACK, MAXIMA, PREMIER,
TASDIP, TriDip, Stellar, TriMate, TASCOAT, TASSTRIP, TASORB, TASKLEEN, TASPLEX, TASOX,
and EZ-GEN are trademarks of TASKEM, Inc.

Performa, Finidip, and Finigard are trademarks of Coventya, SA

The data set forth in this bulletin is believed by TASKEM, Inc. to be true, accurate, and complete, but is not guaranteed. Our sole warranty is as
stated in our Standard Terms and Conditions of Sale. We cannot warrant that our customers will achieve the same results from any process,
chemical or product described in this bulletin because we do not have control over the conditions of use; nor can we assume any responsibility for
our customer's use of any of our products in a manner which infringes the patents of third parties.
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NOT MEASUREMENT
SENSITIVE
MIL-A-8625F
10 September 1993
SUPERSEDING
MIL-A-8625E
25 April 1988

MILITARY SPECIFICATION
ANODIC COATINGS FOR ALUMINUM AND ALUMINUM ALLOYS

This specification is approved for use by all Departments
and Agencies of the Department of Defense.

| 1. SCOPE

1.1 Scope. This specification covers the requirements for six types and
two classes of electrolytically formed anodic coatings on aluminum and
aluminum alloys for non-architectural applications (see 6.1).

1.2 Classification. The anodic coating Types and Classes covered by this
i specification are as specified herein (see 6.2 and 6.21):

1.2.1 Types

Type 1 - Chromic acid anodizing, conventional coatings produced from
chromic acid bath (see 3.4.1)

Type IB - Chromic acid anodizing, Tow voltage process, 22 + 2V,

: (see 3.4.1)

Type IC - MNon-chromic acid anodizing, for use as a non-chromate
alternative for Type I and IB coatings (see 3.4.1 and 6.1.2)

Type II - Sulfuric acid anodizing, conventional coatings produced from
sulfuric acid bath (see 3.4.2)

Type 1I8 - Thin sulfuric acid anodizing, for use as a non-chromate

alternative for Type I and IB coatings (see 3.4.2 and 6.1.2)
Type III - Hard Anodic Coatings (see 3.4.3)

1.2.2 Classes.

Class 1 - Non-dyed (see 3.5.)
Class 2 - Dyed (see 3.6.)

| Beneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document should be
addressed to: Commanding Officer, Naval Air Warfare Center Aircraft
Division Lakehurst, Code SR3, Lakehurst, NJ 08733-5100, by using the
self-addressed Standardization Document Improvement Proposal (DD Form 1426)
appearing at the end of this document or by letter.

AMSC N/A AREA MFFP
DISTRIBUTION STATEMENT A: Approved for public release; distribution is unlimited.
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2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Specifications and standards. The following specifications and
standards form a part of this document to the extent specified herein. Unless
otherwise specified, the issues of these documents are those listed in the
issue of the Department of Defense Index of Specifications and Standards
(DODISS) and supplement thereto, cited in the solicitation.

SPECIFICATIONS
MILITARY
MIL-P-23377 - Primer Coating, Epoxy-Polyamide, Chemical and Solvent
Resistant
MIL-C-81706 - Chemical Conversion Materials for Coating Aluminum an

Aluminum Alloys '
MIL-P-85582 - Primer Coatings: Epoxy, Waterborne

FEDERAL
QQ-A-250/4 - Aluminum Alloy 2024, Plate and Sheet
STANDARDS
FEDERAL
FED-STD-141 - Paint, Varnish, Lacquer, and Related Materials: Methods
. For Sampling and Testing
FED-STD-151 - Metals; Test Methods
MILITARY
MIL-STD-105 - Sampling Procedures and Tables For Inspection By Attribute
(Unless otherwise indicated, copies of federal and military specifications and
standards are available from DODSSP-Customer Service, Standardization Documents
Order Desk, 700 Robbins Avenue, Building 4D, Philadelphia, PA 19111-5094.)

2.2 Non-Government publications. The following documents form a part of
this document to the extent specified herein. Unless otherwise specified, the
issues of the documents which are DOD adopted are those listed in the issue of
the DODISS cited in the solicitation. Unless otherwise specified, the issues

of documents not listed in the DODISS are the issues of the documents cited in
the solicitation (see 6.2). '

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM B 117 - Method of Salt Spray (Fog) Testing
ANSI/ASTM B 137 Weight of Coating on Anodically Coated Aluminum,
Measurement of

ASTM B 244 - Thickness of Anodic Coatings on Aluminum and of Other
Nonconductive Coatings on Nonmagnetic Basis Metals
with Eddy Current Instruments, Measurement of

ASTM D B22 - Light and Water Exposure Apparatus (Carbon-Arc Type)

for Testing Paint, Varnish, Lacquer and Related
Products, Standard Practice for Operating
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ASTM D 2244 - Color Differences of Opaque Matertals, Instrumental
Evaluation of
ASTM G 23 - Standard Practice for Operating Light Exposure Apparatus

(Carbon-Arc Type) With and Without Water for Exposure of
Non-metallic Materials

ASTM G 26 - Operating Light-Exposure Apparatus (Xenon-Arc Type) With
and Without Water for Exposure of Non-metallic materials

(Application for copies should be addressed to the American Society for
Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.)

2.3 Order of precedence. In the event of a conflict between the text of
this document and the references cited herein, the text of this document takes
precedence. Nothing in this document, however, supersedes applicable laws and
regulations unless a specific exemption has been obtained.

3. REQUIREMENTS

3.1 Materials. The materials used shall be such as to produce coatings
which meet the requirements of this specification.

3.1.1 Base metal. The base metal shall be free from surface defects,
caused by machining, cutting, scratching, polishing, buffing, roughening,
bending, stretching, deforming, rolling, sandblasting, vaporblasting, etching,
heat treatment condition, alloy chemistry imbalance and inclusions, that will
cause coated test panels or parts to fail any of the requirements of this
specification. The base metal shall be subjected to cleaning, etching,
anodizing and sealing procedures as necessary to yield coatings meeting all
requirements of this specification.

3.2 Equipment and processes. The equipment and processes employed shall
be such as to produce coatings which meet the requirements of this
specification. Unless otherwise specified in the contract, purchase order or
applicable drawing (see 6.2), process operating conditions shall be at the
option of the supplier.

3.3 General.

3.3.1 Anodizing of parts and assemblies.

3.3.1.1 Anodizing of parts. Unless otherwise specified in the contract,
purchase order or applicable drawing (see 6.2), parts shall be anodized after
all heat treatment, machining, welding, forming and perforating have been
completed.

3.3.1.2 Anodizing of assemblies. Unless otherwise specified in the
contract, purchase order or applicable drawing, anodic coatings shall not be
applied to assemblies which will entrap the electrolyte in joints or recesses
(components shall be anodized separately prior to assembly). When anodizing
of assemblies is authorized by the contract, purchase order or applicable
drawing, the processing method used shall not result in subsequent damage to
the assembly from electrolyte entrapment (Type I or IA coatings shall be used
unless another coating Type is specified). Assemblies which contain
non-aluminum parts such as steel, brass or organic substances, which would be
attacked by pretreatment or anodizing solutions or would prevent uniform
formation of the anodic coating, shall not be anodized as assemblies, unless
the non-aluminum surfaces are masked or electrically insulated in a manner
which produces anodic coatings meeting the requirements of this specification.
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3.3.1.2 Anodizing of complex shapes. When anodizing complex shapes which
will entrap the electrolyte in recesses, the processing method used shall not
result in subsequent damage to the part from electrolyte entrapment (Type I or
IA coatings shall be used unless another coating Type is specified).

3.3.2 Handling and cleaning. Parts shall be so handled during all
pretreatments, anodizing and post treatments that mechanical damage or
contamination will be avoided. Parts shall be free of all foreign substances,
oxides and soils, such as greases, oil, paint and welding flux. Parts shall
have oxide and other interfering films removed by the use of proper cleaning
procedures so as to be clean and have water break free surfaces. Abrasives
containing iron, such as steel wool, iron oxide rouge and steel wire, which
may become embedded in the metal-and accelerate corrosion of aluminum and
aluminum alloys, are prohibited as a means of mechanical cleaning, prior to
anodizing. If special cleaning requirements are required they shall be
specified in the contract or purchase order (see 6.2).

3.3.3 Reflective surfaces. When specified in the contract or purchase-
order (see 6.2), parts fabricated to produce a highly reflective surface shall
be chemically or electrochemically brightened, prior to anodic coating (see
6.9).

3.3.4 Touch up (mechanical damage and contact marks). Unless otherwise
specified (see 6.2), mechanically damaged areas from which the anodic coating
has been removed without damage to the part may be touched up using chemical
conversion materials approved on QPL-81706 for Class 1A coatings and the
applicable method of application. Touch up shall apply only to inadvertent
mechanical damage such as scratch marks. For Type III coatings, touch up
shall only be allowed in areas which will not be subjected to abrasion (see
6.1.1). The mechanically damaged area(s) shall not exceed 5 percent of the
total anodized area of the item or touch up shall not be permitted. When
specified in the contract or purchase order (see 6.2), contact marks shall be
touched up using the above method required for mechanical damage.

3.4 Coatings. Conventional anodic coatings as specified in the contract,
purchase order or applicable drawings (see 6.2), shall be prepared by any
process or operation to produce the specified coating on aluminum and aluminum
alloys.

3.4.1 Type I, IB, and IC coatings. Type I and IB coatings shall be the
result of treating aluminum and aluminum alloys electrolytically in a bath
containing chromic acid to produce a uniform anodic coating on the metal
surface. Type IC coatings shall be the result of treating aluminum and
aluminum alloys electrolytically in a bath containing mineral or mixed
mineral/organic acids (non-chromic acid) to produce a uniform anodic coating
on the metal surface. Unless otherwise specified in the contract, purchase
order or applicable drawing, Type I coatings shall not be applied to aluminum
alloys with a nominal copper content in excess of 5.0 percent; nominal silicon
contents in excess of 7.0 percent; or when the total allowable contents of
nominal alloying elements exceed 7.5 percent. Heat treatable alloys which are
to receive a Type I, IB, or IC coating shall be in the required temper
obtained by heat treatment, such as -T4, -T6, or T73, prior to anodizing.

3.4.1.1 Type IC coatings. Type IC coatings provide a non-chromate
alternative to Type I and IB coatings. Unless approved by the procuring
~activity, substitution of a Type IC coating where Type I or IB is specified
shall be prohibited.
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3.4.2 Type II and IIB coatings. Type II and IIB coatings shall be the
result of treating aluminum and aluminum alloys electrolytically in a bath
containing sulfuric acid to produce a uniform anodic coating on the metal
surface. Heat treatable alloys shall be in the required temper obtained by
heat treatment, such as -T4, -T6, or T73, prior to anodizing.

3.4.2.1 Type IIB coatings. Type IIB coatings provide a non-chromate
alternative to Type I and I8 coatings. Unless approved by the procuring
activity, substitution of a Type IIB coating where Type I or IB is specified
shall be prohibited. i

3.4.3 Type IIIl coatings. Type III coatings shall be the resuit of
treating aluminum and aluminum alloys electrolytically to produce a uniform
anodic coating on the metal surface. Type III coatings shall be prepared by
any process operation to produce a heavy dense coating of specified thickness
on aluminum alloys (see 3.7.2.1). Unless otherwise specified in the contract,
purchase order or applicable drawing, Type III coatings shall not be applied
to aluminum alloys with a nominal copper content in excess of 5 percent or a
nominal silicon content in excess of 8.0 percent. Alloys with a nominal
silicon content higher than 8.0 percent may be anodized subject to approval of
the procuring activity. Heat treatable alloys shall be in a temper obtained
by heat treatment, such as -T4, -T6, or T73, prior to anodizing.

3.5 Class 1. Hhen class 1 is specified in the contract or purchase order,
(see 6.2), the anodic coating shall not be dyed or pigmented. Any natural
coloration resulting from anodic treatment with the various alloy compositions
shall not be considered coloration. The characteristic color imparted by the
sealing process shall also be considered as non-dyed.

3.6 Class 2. HKhen class 2 is specified in the contract or purchase order
(see 6.2), the anodic coating shall be uniformly dyed or pigmented by exposure
to a solution of a suitable type dye or stain. The color on wrought alloys
shall be uniform. Cast alloys may exhibit dye bleed-out or lack of color (or
color uniformity) associated with the inherent porosity of the casting. The
dyes and pigments used shall not be damaging to the anodic coatings.

3.6.1 Dye color. MWhen dyed or pigmented coatings are required, the color
and color uniformity requirements shall be as specified on the contract,
purchase order or applicable drawing (see 6.2).

3.6.1.1 Casting alloys. Dyed casting alloys may show a slight lack of
color uniformity. The degree of non-uniformity that is acceptable shall be
established by the procuring activity (see 6.2).

3.7 Detail requirements.

3.7.1 Types I, IB, IC, II, and IIB coatings.

3.7.1.1 Height of coating. Prior to dyeing or sealing, Type I, IB, IC,
II, and IIB coatings shall meet the coating weight requirements of Table I
when tested in accordance with 4.5.2 (see 6.10.6).
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TABLE 1. Types I, IB, IC, II, and IIB unsealed anodic coating weights.

Coating Type Coating Weight (mg/ft2)
I and IB 200 minimum
IC 1/ 200 minimum - 700 maximum
II : 1000 minimum
IIB 200 minimum - 1000 maximum

17 - Coating weights over 700 mg/ft2 may be used if specified
in the contract or purchase order (see 6.1.2 and 6.2).

3.7.1.2 Corrosion resistance. After exposufe to the salt spray test
specified in 4.5.3, specimens shall be visuvally examined to determine that all
of the following conditions are met:

a. Test specimens shall show no more than a total of 15 isolated pits

(see 6.19), none larger than 0.031 inch in diameter, in a total of 150
square inches of test area grouped from five or more test pieces. Areas
within 0.062 inch from identification markings, edges and electrode contact
marks remaining after processing shall be excluded.

b. Test specimens shall show no more than 5 isolated pits, none larger
than 0.031 inch in diameter, in a total of 30 square inches from one or
more test pieces. Areas within 0.062 inch from identification markings,
edges and electrode contact marks remaining after processing shall be
excliuded.

c. In addition to the requirements in (a) and (b) above, Type I and IB
test specimens shall not exhibit patchy dark gray areas (spots, streaks,
or marks).

3.7.1.3 Light fastness resistance. Class 2, dyed anodic coatings, shall
show no more fading or discoloration than would be equivalent to a Delta (E)
value of 3 when subjected to the light fastness resistance test (see 4.5.4),
unless otherwise specified in the contract or purchase order (see 6.2). Light
fastness resistance shall be determined only when specified in the contract,
purchase order or applicable drawing (see 6.2).

3.7.1.4 Paint adhesion. When tested in accordance with 4.5.6, no
intercoat separation shall occur between the paint system and the anodic
coating or between the anodic coating and the base metal. Paint adhesion
shall be determined only when specified in the contract, purchase order or
applicable drawing (see 6.2).

3.7.2 Type III coatings.

3.7.2.1 Thickness of coating. Unless otherwise specified in the contract,
purchase order, or applicable drawing (see 6.2), the nominal thickness of the
coating shall be 0.002 inch (2 mils) (see 6.16, 6.17 and 6.10 through 6.10.5).
Unless otherwise specified, the thickness of the coating shall not vary by
more than + 20 percent for coatings up to 0.002 inches thick (2 mils) when
tested in accordance with 4.5.1. Coatings over 0.002 inches (2 mils) shall
not vary by more than + 0.0004 inches ¢0.4 mils) in thickness. A typical Type
III coating thickness range is shown in Table IV.
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3.7.2.1.1 HWeight of coating. The coating weight may be determined in lieu
of the coating thickness (see 3.7.2.1), at the option of the procuring
activity. Unsealed Type III coatings shall have a minimum coating weight of
4320 milligrams per square foot for every 0.001 inch of coating when tested in
accordance with 4.5.2 (see 6.2).

3.7.2.2 Abrasion resistance. WKhen tested in accordance with 4.5.5,
unsealed Type III coatings shall provide a hard abrasion resistant finish as
specified herein (see 6.17). The anodic coating shall have a maximum wear
index of 3.5 mg/1000 cycles on aluminum alloys having a copper content of 2
percent or higher (see 6.13). The wear index for all other alloys shall not
exceed 1.5 mg/1000 cycles.

3.8 Sealing.

3.8.1 Types I, IB, IC, II, and IIB. All Types I, IB, IC, II, and IIB
anodic coatings shall be completely sealed, unless otherwise specified in the
contract, purchase order or applicable drawing (see 6.2). They shall be
sealed in accordance with 3.8.1.1 or 3.8.1.2 as applicable. If wetting agents
are used they shall be of the non-ionic type. :

3.8.1.1 Class 1. MWhen class 1 is specified, sealing shall be
accomplished by immersion in a sealing medium such as a 5 percent aqueous
solution of sodium or potassium dichromate (pH 5.0 to 6.0) for 15 minutes at
90°C to 100°C (194°F to 212°F), in boiling deionized water, cobalt or nickel
acetate, or other suitable chemical solutions (see 6.15).

3.8.1.2 Class 2. Hhen class 2 is specified, sealing shall be accomplished
after dyeing by immersion in a sealing medium, such as a hot aqueous solution
containing 0.5 percent nickel or cobalt acetate (pH 5.5 to 5.8), boiling
detonized water, duplex sealing with hot aqueous solutions of nickel acetate
and sodium dichromate (see 6.11), or other suitable chemical solutions.

3.8.2 Type III. Type III coatings shall not be sealed where the main
function of application is to obtain the maximum degree of abrasion or wear
resistance. Where Type III coatings are used for exterior non-maintained
applications requiring corrosion resistance but permitting reduced abrasion
resistance, the contract or purchase order shall specify that sealing is
required. Sealing for such Type III coatings shall be accomplished by
immersion in a medium, such as boiling deionized water, in a hot aqueous 5
percent sodium dichromate solution, in a hot aqueous solution containing
nickel or cobalt acetate or other suitable chemical solutions (see 6.2). When
Type III coatings are provided unsealed, parts shall be thoroughly rinsed in
cold, clean water and dried after anodizing.

3.9 Dimensions of coated articles. Articles or parts shall comply with
the dimensional requirements of the applicable drawings after application of
the anodic coating (see 6.10.1). (For interference in close fits of parts or

assemblies see 6.10.5).

3.10 Toxicity. The coatings and electrical/chemical processes used to
develop these anodic coatings shall have no adverse effect on the health of
personnel when used for their intended purposes. Questions pertinent to this
effect shall be referred by the contracting activity to the appropriate
departmental medical service who will act as an advisor to the contracting

agency.
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3.11 Painting/coating. Painting/coating operations shall be performed as
soon as practical after the anodizing process on clean coatings. If parts
require storage prior to painting/coating, they shall be stored in a manner
that will avoid contamination. If the parts become contaminated, they shall
be cleaned in a manner that will not be detrimental to the anodic coating or
the base metal (see 6.3).

3.12 Dyeing or coloring. Anodic coatings shall not be allowed to dry
before dyeing or coloring. Items to be dyed or colored should be preferably
coated by the Type II anodizing treatment (see 6.12). Dyed or colored
coatings shall not be allowed to remain in rinse waters for more than 5
minutes before sealing.

3.13 MWorkmanship. Except for touch up areas in accordance with 3.3.4 and
as noted below, the applied anodic coating shall be continuous, smooth,
adherent, uniform in appearance, free from powdery areas, loose films, breaks,
scratches and other defects which will reduce the serviceability of anodized
parts or assemblies. Differences in anodic coating appearance resulting from
inherent base metal differences in a component such as the presence of welds,
components containing cast and machined surfaces, and differences in grain
size within a forging shall not be cause to reject the anodic coating unless
otherwised specified in the contract or purchase order (see 6.2). Slight
discoloration from dripping or rundown of the sealing solution from designed
crevices in a component shall be allowed.

3.13.1 Contact marks. The size and number of contact marks shall be at a
minimum consistent with good practice (see 6.14). If a specific location for
contact marks is desired, the Tocation shall be specified on the contract or
purchase order (see 6.2).

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the
contract or purchase order, the contractor is responsible for the performance
of all inspection requirements (examinations and tests) as specified herein.
Except as otherwise specified in the contract or purchase order, the
contractor may use his own or any other facilities suitable for the
performance of the inspection requirements specified herein, unless
disapproved by the Government. The Government reserves the right to perform
any of the inspections set forth in the specification where such inspections
are deemed necessary to ensure supplies and services conform to prescribed
requirements.

4.1.1 Responsibility for compliance. All jtems must meet all requirements
of Section 3. The inspection set forth in this specification shall become a
part of the contractor's overall inspection system or quality program. The
absence of any inspection requirements in the specification shall not relieve
the contractor of the responsibility of ensuring that all products or supplies
submitted to the Government for acceptance comply with all requirements of the
contract. Sampling inspection, as part of manufacturing operations, is an
acceptable practice to ascertain conformance to requirements, however, this
does not authorize submission of known defective material, either indicated or
actual, nor does it commit the Government to acceptance of defective material.

4.2 Classification of inspection. The inspection requirements specified
herein are classified as follows:
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a. Process control inspection (see 4.3).
b. Quality conformance inspection (see 4.4).

4.3 Process control inspection.

4.3.1 Process control document (PCD). The anodizer shall develop,
maintain, and adhere to a PCD describing the anodizing process and procedures
used to meet the requirements of this specification. As a minimum, the PCD
shall describe the following:

-All steps in the processing sequence.

-Ranges for immersion time and temperature for each step in the process.

-Chemical constituents used and allowable solution control ranges to be
used for solution analysis (see 4.3.2) for each step in the process.

-Ranges for temperature, current density and anodizing time (or voltage
ramps and hold times) as applied to individual alloys or alloy series.

4.3.2 Solution analysis. Solution analysis shall be performed on all the
processing solutions in the anodizing line to determine if the solution
controls are within the acceptable ranges established in the PCD (see-4.3.1).
Solution analysis shall be performed at least once every two weeks unless
otherwise specified by the procuring activity. The processor shall maintain a
record of the history of each processing bath, showing all chemicals or
treatment solutions added to the baths and the results of all chemical
analysis performed. Upon request of the procuring activity, such records, as
well as reports of the test results, shall be made available. These records
shall be maintained for not less than one year after completion of the
contract or purchase order.

4.3.3 Process control tests. To assure continuous control of the process,
specimens shall be tested in accordance with Table II. Process control tests
are conducted to determine conformance of the anodic coatings with the
requirements of this specification and are acceptable as evidence of the
properties being obtained with the equipment and procedures employed.

4.3.3.1 Frequency of the process control tests. Process control tests
shall be conducted at least once every month. In addition, the intervals
between each monthly test shall not exceed 35 days. If production in
accordance with this specification is not performed for a period of one month
or longer, process control tests shall be conducted at the start of production.

TABLE II. Process control tests.

Number of Paragraph
Test Applicable specimens Specimen Test

Type to be tested |Preparation |Requirement] Method
Coating 1, I8, IC, II, IIB 3 4.3.3.2.1 3.7.1.1 4.5.2
weight I1I1 )/ 4.3.3.2.1 3.7.2.1.1 4.5.2
Coating 111 1/ 3 - 4.3.3.2.2 3.7.2.1 4.5.]
thickness
Corrosion |I, IB, IC, II, IIB 5 4.3.3.2.3 | 3.7.1.2 4.5.3
resistance (minimnum)
Light I, I8, IC, II, 1IIB 3 4.3.3.2.3 3.7.1.3 4.5.4
fastness Class 2 only
(Abrasion III 2 4.3.3.2.4 3.7.2.2 4.5.5
(resistance

1/ For Type III coatings, the coating weight may be chosen in lieu of the
coating thickness at the option of the procuring activity (see 3.7.2.1.1).
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4.3.3.2 Process control test specimens. Production parts shall be used
for process control inspection provided they can be adapted to the applicable
test. If the production parts can not be adapted to a particular test, test
panels shall be used. At the option of the supplier, test panels shall be
composed of either 2024-T3 per QQ-A-250/4 or the alloy representing the
largest percent of work anodized during the monthly process control period.
Whenever possible, the specimen panels shall be anodized with an actual
production run. Additional details for the specimen panels shall be as
specified in 4.3.3.2.1 through 4.3.3.2.4.

4.3.3.2.1 Test specimens for coating weight. Coating weight shall be
determined on undyed and unsealed production parts or specimen panels (see
4.3.3.2). When specimen panels ‘are used, they shall have a minimum width of 3
inches, a minimum length of 3 inches, and a minimum nominal thickness of 0.032
inches.

4.3.3.2.2 Test specimens for coating thickness. Coating thickness shall
be determined on Type III production parts or specimen panels (see 4.3.3.2).
When specimen panels are used, they shall have a minimum width of 3 inches, a
minimum length of 3 inches, and a minimum nominal thickness of 0.032 -inches.

4.3.3.2.3 Test specimens for corrosion and light fastness resistance.
Corrosion resistance shall be determined on dyed (Class 2 only) and sealed
production parts or specimen panels (see 4.3.3.2). Light fastness testing is
performed only on dyed (Class 2) coatings and only when specified (see 6.2).
When specimen panels are used, they shall have a minimum width of 3 inches, a
minimum length of 10 inches, and a minimum nominal thickness of 0.032 inches.

4.3.3.2.4 Test specimens for abrasion resistance. Abrasion resistance
shall be determined on Type III production parts or specimen panels (see
4.3.3.2). When specimen panels are used, they shall have a width of 4 inches,
a length of 4 inches, and a minimum nominal thickness of 0.063 inches.

4.3.4 Failure. Failure to conform to any of the process control
requirements specified in Table II shall result in immediate halt of
production. The reason for failure shall be determined and corrected before
production resumes. A1l traceable work from the time the failed process
control specimens were anodized to the time when production was halted shall
be rejected unless otherwise specified by the contracting officer. Traceable
work shall be defined as all work in which the location is know. Process
control testing shall be performed at the start of production.

4.4 Quality conformance (ie. lot acceptance) inspection. Quality
conformance inspection shall consist of visual (see 4.4.2.1) and dimensional
(see 4.4.2.2) examinations (see 6.2.1). HWhen specified in the contract or
purchase order (see 6.2), quality conformance inspection shall also include
paint adhesion testing in accordance with 4.5.6.

4.4.1 Lot. A lot shall consist of all items of the same part number
anodized in the same tank using the same process and of the same coating type
and class offered for acceptance at one time. In addition, the lot size shall
not exceed the number of items processed in one shift.

10
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4.4.2 Sampling for visual and dimensional examinations. Samples for
visual and dimensional examinations (see 4.4.2.1 and 4.4.2.2) shall be
selected from each lot of anodized parts in accordance with the provisions of
MIL-STD-105, Inspection Level II. The acceptance criteria shall be as
specified in the contract or purchase order (see 6.2 and 6.20). If no
acceptance criteria is specified, the criteria given in 6.20 shall be used.

4.4.2.1 Visual examination. Samples selected in accordance with 4.4.2
shall be inspected and visually examined for compliance with 3.13 after
anodizing, sealing and dyeing (if applicable).

4.4.2.2 Dimensional examination. Samples, selected in accordance with
4.4.2, shall be dimensionally inspected for compliance with 3.9, unless
otherwise specified by the procuring activity (see 6.10.5).

4.4.3 Sampling for paint adhesion testing. MWhen the paint adhesion test
is specified (see 4.4), two test panels shall be tested in accordance with
4.5.6 to determine conformance to 3.7.1.4. The test panels shall be 3 inches
in width by 10 inches in length with a minimum nominal thickness of 0.032
inches. Unless otherwise specified, the test panels shall be composed of
either 2024-73 per QQ-A-250/4 or the predominant alloy in the lot from which
the paint adhesion test is required to be performed. Unless another paint
system is specified (see 6.2), the paint system in 4.4.3.1 shall be apptlied to
the anodized panels.

4.4.3.1 Preparation of paint adhesion specimens. Specimen panels (see
4.4.3) shall be finished with one coat of an epoxy-polyamide primer conforming
to either MIL-P-23377 (Class 1 or 2) or MIL-P-85582. In either case the
primer shall be applied to a dry film thickness of 0.0006 to 0.0009 inch (0.6
to 0.9 mi1) and dried in accordance with the applicable primer specification
before testing in accordance with 4.5.6.

4.4.4 Failure. Failure to conform to any of the quality conformance
requirements shall result in rejection of the represented lot.

4.5 Test methods.

4.5.1 Anodic coating thickness. Test specimens prepared in accordance
with 4.3.3.2.2, shall be tested for anodic coating thickness in accordance
with ASTM B 244, Method 520 or Method 520.1 of FED-STD-151 to determine
conformance to the requirements of 3.7.2.1. If either ASTM B 244 or Method
520 of FED-STD-151 is used, the thickness shall be computed as the average of
not less than eight measurements. In case of dispute, anodic coating thickness
shall be determined by measurement of a perpendicular cross section of the
anodized specimen using a metallographic microscope with a calibrated
eyepiece.

4.5.2 Anodic coating weight. Test specimens prepared in accordance with
4.3.3.2.1 shall be tested for anodic coating weight either in accordance with
ANSI/ASTM B 137, or the method specified in 4.5.2.1. Type I, IB, IC, II, and
IIB coatings shall be tested for conformance with the requirements of
3.7.1.1. If the procuring activity chooses to have coating weight tested in
lieu of the coating thickness for Type III hard anodized coatings, it shall be
tested for conformance with 3.7.2.1.1.

1
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4.5.2.1 Method. Anodic coating weight determinations shall be
accomplished in the following manner:

a. Test specimens shall be weighed immediately after anodizing, prior to
dyeing or sealing. An analytical balance or other instrument sensitive to
at least 10 percent of the net Anodic coating weight on test specimen
shall be used. Specimens shall be cleaned and dried for a minimum of 30
minutes at 93°+ 6°C (200°+ 10°F) -and allowed to cool to room temperature
before weighing.

b. Immediately after weighing, the test specimens shall be stripped by
immersion in a phosphoric-chromic acid solution for a minimum of 5
minutes, (not to exceed 6 minutes), at 100°+ 6°C (212°+ 10°F). The
solution shall consist of the following:

Phosphoric acid, 85 percent 35 milliliters
Chromic acid (Cr03) 20 grams
Water to make 1,000 milliliters

c. The test specimens shall be removed from the solution, washed in
distilled water, dried, and weighed. The 5-minute exposure shall be
repeated until the coating is completely removed, which is indicated by
the specimen's weight remaining constant. The stripping solution shall be
discarded after 1-liter of the solution has dissolved 5 grams of the
anodic coating.

d. After final weighing, the total surface area of the test specimen
shall be accurately determined.

e. The unit film weight shall be determined by subtracting the weight in
milligrams of the stripped specimen from its weight in milligrams prior to
stripping and dividing by the surface area expressed in square feet.

4.5.3 Corrosion resistance.

4.5.3.1 Method. Test specimens, prepared in accordance with 4.3.3.2.3,
shall be washed in distilled or deionized water, dried with a soft cloth and
then subjected to a 5 percent salt spray test in accordance with ASTM B 117,
except that the significant surface shall be inclined 6 degrees from the
vertical. Specimens shall be exposed for 336 hours. After exposure, specimens
shall be examined to determine compliance with 3.7.1.2.

4.5.4 Light fastness resistance (Class 2 only). Test specimens, prepared
in accordance with 4.3.3.2.3, shall be tested for light fastness resistance by
exposure to ultraviolet radiation in accordance with either ASTM G 23, ASTM D
822 or ASTM G 26, for a period of 200 hours, except that the specimens will be
exposed continuously to light without water spray. After exposure, specimens
shall be compared with duplicate specimens not exposed to a 1light source for
the same period of time to determine the Delta (E) value in accordance with
ASTM D 2244. The Delta (E) value shall be used to determine conformance with
3.7.1.3.

12
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4.5.5 Abrasion resistance. Test specimens, prepared in accordance with
4.3.3.2.4, shall be tested in accordance with Method 6192.1 of FED-STD-141
using CS-17 wheels with a 1000 gram load. The wheels shall revolve on the
anodic coating at a speed of 70 revolutions per minute (RPM) for 10,000
cycles. The abrasion wheels shall be refaced at least once every 10,000
cycles. The wear index shall be determined after the 10,000 cycle period by
dividing the weight loss by 10. The wear index shall meet the requirements of
3.7.2.2.

4.5.6 Paint adhesion test. When specified (see 4.4), specimen panels
prepared in accordance with 4.4.3 shall be tested for wet tape adhesion. The
test shall be conducted as described in method 6301 of FED-STD-141 to
determine conformance with paragraph 3.7.1.4.

5. PACKAGING (Not applicable to this specification)

6. NOTES (This section contains information of a general or explanatory
nature that may be helpful but is not mandatory)

6.1 Intended use. The coatings covered in this document are intended to
yipvide corrosion resistance, improved paint adhesion and abrasion resistance
as specified in 6.1.1 through 6.1.3. This document is not intended to
sufficiently cover anodic coatings for use in structural adhesive bonding.

6.1.1 Types I, 1B and II. The conventional Types I, IB and II anodic
coatings are intended to improve surface corrosion protection under severe
service conditions or as a base for paint systems. Anodic coatings can be
colored with a large variety of dyes and pigments. Types I, IB and II
coatings provide better corrosion protection at higher cost than the chemical
conversion systems. Repair of mechanically damaged areas by the use of
matertals conforming to MIL-C-81706 (see 3.3.4) will not restore abrasion
resistance but will provide an effective means of reestablishing corrosion
resistance. MWhere anodic coatings are required on fatigue critical
components, Type I and IB coatings (see 6.1.2) are used due to the thinness of
the coating (see 6.10.7).

6.1.2 Type IC and IIB. Type IC and IIB coatings provide non-chromate
alternatives to Type I and IB coatings where corrosion resistance, paint
adhesion, and fatigue resistance is required. Please note that Type IC or IIB
may not serve as suitable replacements when the effects of electrolyte
entrapment s the primary concern (see 3.3.1.2 and 3.3.1.3). Maximum Type IC
and Type IIB coating weights of 700 mg/ft2 and 1000 mg/ftZ, respectively, are
specified in Table I for fatigue purposes (see 6.10.7). If higher Type IC
coating weights are permissible for the intended use, it should be specified
in the contract or purchase order (see 6.2). If higher Type IIB coating
weights are permissible for the intended use, Type II should be specified.

6.1.3 Type III. Type III coatings are intended to provide wear and
abrasion resistant surfaces with improved corrosion protection due to greater
thickness and weight than the conventional anodic coatings. Sealing of Type
111 coatings is not recommended unless corrosion resistance is also a factor.
Wear resistance is reduced by sealing. Anodic coatings form an excellent base
for most types of paint systems, adhesives and dry film lubricants. Hard
coatings may reduce fatigue strength. These factors should be considered in
proposed use of parts subjected to cyclic loads. Generally, these hard
coatings should not be used on parts or portions of parts which normally
during rework would require restoring of dimensional tolerances because of
wear of hard coated surfaces.

13
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6.1.3.1 Applications. Type III coatings are used in such applications as
valves, sliding parts, hinge mechanisms, cams, gears, swivel joints, pistons,
rocket nozzles, insulation plates, blast shields, etc.

6.2 Acquisition requirements. Acquisition documents should specify the
following:

Title, number and date of this specification.
Type of anodic coating (see 1.2.1).
Class of anodic coating (see 1.2.2). . i
Special process operating conditions, if applicable (see 3.2).
Special cleaning and fabrication requirements (see 3.3.1, 3.3.2,
and 3.3.3). o
If coating weight for Type IC can exceed the maximum specified in
Table I.
Color and uniformity of Class 2 coatings, if applicable (see 3.6.1
and 3.12).
Degree of non-uniformity of dyed casting alloys (see 3.6.1.1).
Light fastness resistance, if applicable, and a Delta E value if
different than 3 (see 3.7.1.3). :
Type III coating thickness, if applicable (see 3.7.2.1).
Coating weight for thickness, Type III, if substituted
(see 3.7.2.1.1).
1. Special sealing requirements (see 3.8).
When applicable, the allowable difference in anodic coating
appearance resulting from inherent base metal differences
(see 3.13).
n. Provide the specific location of contact marks if important to the
function of the part (see 3.13.1 and 6.14).
o. Acceptance criteria for quality conformance inspections (see
4.4.2 and 6.20).
p. If paint adhesion testing is required for quality conformance
testing (see 4.4) and the required paint system (if different than
that in 4.4.3.1).
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6.2.1 Consideration of data requirements. The following data requirements
should be considered when this specification is applied on a contract. The
applicable Data Item Description (DID) should be reviewed in conjunction with
the specific acquisition to ensure that only essential data are
requested/provided and that the DID is tailored to reflect the requirements of
the specific acquisition. To ensure correct contractual application of the
data requirements, a Contract Data Requirements List (DD Form 1423) must be
prepared to obtain the data, except where DOD FAR Supplement 27-4.75-1 exempts
the requirement for a DD Form 1423.

Suggested
Reference Para. DID Number DID Title Tailoring
4.4 DI-NDTI-80809A TEST/INSPECTION REPORTS 10.2.7.1

The above DID was cleared as of the date of this specification. The current
issue of DOD 5010.12-L, Acquisition Management Systems and Data Requirements
Control List (AMSDL), must be researched to ensure that only current, cleared
DID's are cited on the DD Form 1423.
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6.2.2 Exceptions to drawings for types I, 18, IC, II1, and IIB coatings.
When the anodic coating type is not specifted on the drawing, Type I, 18, IC,
II, or IIB may be furnished within the limits of this specification, at the
option of the contractor. When the coating class is not specified on the
drawing, either Class 1 or Class 2 may be supplied within the limits of this
specification, at the option of the contractor.

6.3 Painting/coating. When anodic coatings are required to be
painted/coated, the parts should be dried and painted as promptly as possible,
during which time, exposure to contamination should be kept to a minimum.
Prior to painting or coating anodized parts, wiping, buffing or mechanical
operations should be kept to a minimum. This may damage the less dense
outside tayer of the anodic coating making it susceptible to subsequent
adhesion failures. Sealing processes can have a significant effect on
adhesion of primers and other polymeric materials to the anodized surface as
well as the cohesive strength of the anodized layer. If these factors are
important to the application, such as subsequent painting operations, specific
details for (or the omission of) the sealing process should be specified in
the contract or purchase order.

6.4 Electrolytic action. Severe attack by the electrolyte on castings or
welds may be occasioned either by unsound castings, improper welding practice,
a difference in composition between the weld and the base metal or,
particularly in the case of the sulfuric acid process, the retention of the
solution in cracks, crevices, or irregular surfaces. Severe attack by the
electrolyte may also be caused by contaminants in the electrolyte,
particularly chlorides or by improper racking of the parts.

6.5 Anodizing rate. Aluminum and aluminum alloys may be conveniently
grouped by anodizing rate, especially in the case of the chromic acid process
(Type I) for conventional coatings. However, either the chromic (Type I) or
the sulfuric acid process (Type II) will anodize mixed loads satisfactorily,
depending upon local processing preference. Suppliers are cautioned that,
especially in the sulfuric acid process, the anodizing time will have to be
sufficiently long to assure that the slower anodizing alloys have at least a
minimum coating thickness. In some cases, this may result in improper
coatings on the fast anodizing alloys.

6.6 Color match. FED-STD-595 may be used as a gquide for specifying color
of anodic coatings. The color standards in FED-STD-595 are intended for paint
finishes and should be used for approximate comparison only with the anodic
coatings (see 6.2).

6.7 Lapping. The Type III anodic coatings generally have increased
surface roughness as well as having the property of being less dense on the
top surface than in the core of the coating toward the base metal. Such
coatings may be processed oversized and then lapped or honed down to the final
desired dimension.

6.8 Coating baths. For information, it should be noted that processes
providing other coating electrolytes for the conventional coatings may be
aqueous solutions containing oxalic acid, boric acid plus ammonium borate and
nitrides. There are proprietary processes requiring coating electrolytes,
other than sulfuric acid, for the Type III coatings; for example, the various
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Alumilites, the Martin Hard Coat, the Sanford, the Hardas and others. One of
the Alumilite processes requires an aqueous solution containing both sulfuric
and oxalic acids for the bath. Other baths used less frequently and for
special purposes employ sulfosalicylic, sulfamic or sulfophthalic acid
solutions.

6.9 Chemical brightening and polishing. Chemical brightening can be
beneficial by improving the appearance and corrosion resistance, in smoothing
the metallic surface by removing certain contaminants and in enhancing the
continuity of the anodic coatings on aluminum alloys (see 3.3.3). The
percentage of reflectivity obtained from a part which has been electrolytically
brightened and subsequently anodized will depend on the alloy and the coating
thickness. Certain alloys are more capable of obtaining a highly brightened
surface and thicker anodic coatings will reduce reflectivity.

6.10 Design information.

6.10.1 Surface dimension of parts. On specifying the thickness of
coatings, especially for the Type III coatings, allowance must be made for
dimensional increase. Both a machining dimension and a coated dimension should
be placed on applicable drawings. An increase in dimension, equal to one half
of the thickness of the applied coating, can be expected for each surface
coated due to surface growth. For example, for a 0.004 inch (4 mils) coating
on close tolerance parts, a pre-machining allowance of 0.002 inch (2 mils) per
surface must be made prior to hard coating. If close fits are specified in
design drawings, buildup in thickness caused by anodic coatings, especially
Type III, may result in interference on assembly.

6.10.1.1 Holes. 1In the case of small holes and tapped holes, coating
thickness can vary from no film to a full normal coating. Holes, both tapped
and not tapped, over 1/4 inch should be anodized. Parts with Type II
coatings, external or internal, with a total tolerance of 0.0004 inch or less,
if lapped, honed or stoned to size after anodizing, should be subsequently
treated with QPL-81706 materials to provide surface protection. Discoloration
on the surface that has been sized is acceptable (see 6.6). The designer is
cautioned to require adequate thread and hole sealing operations in subsequent
assemblies as may be required to produce the necessary corrosion resistance.

6.10.2 Thread dimensions. All anodic coatings will affect thread
dimensions for external and internal threads; the major and minor diameter
will be increased 2 times the amount of growth (see 6.10.1). The pitch
diameter for threads having an included angle of 60° will increase 4 times the
amount of growth. For threads having an included angle, other than 60°, the
pitch diameter will increase 2 times the amount of growth (see 6.10.1) divided
by the sine of 1/2 the included angle.

6.10.3 Fabrication. Successful use of anodic coatings, especially the
hard Type III, depends on proper product design. Because of the manner of
formation, anodic coatings will develop voids at sharp corners and edges.
Sharp edges and corners are difficult to anodize satisfactorily and in general
should be avoided. Al1l edges and inside corners should be radiused prior to
anodizing. Chamfering should not be used unless resulting sharp edges are
radiused. In general, to avoid any uncoated edges or inside corners, the
piercing and blanking operations should comply with the radii of curvature for
nominal coating thicknesses as in Table III.
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TABLE III. Radii of curvature for nominal coating thickness.

Nominal coating thickness, inch{ Radius of curvature (edge and inside corner)
0.001 approximately 1/32 inch
0.002 approximately 1/16 inch
0.003 approximately 3/32 inch
0.004 approximately 1/8 inch

6.10.4 Coating thickness. Thickness of the heavy Type III coating can be
controlied to extremely close tolerances. Anodized coating can be obtained
with tolerances of as little as + 0.0001 inch (0.1 mil). With all anodizing
processes used primarily for engineering rather than for decorative purposes,
a number of highly specialized techniques are used for operation control. One
method that may be employed is to carefully measure the coated part while
still wet and replace it in the bath for a fixed period of treatment.
Calculations based upon a calculated rate of coating per unit of processing
time may be used as the basis for determining the exact duration of processing
required for the specific alloy being coated.

6.10.5 Coating dimensions. Table IV gives typical thickness ranges of
anodic coatings that can be applied on aluminum and aluminum alloys. All
anodic coatings are harder than the substrate material. If interference is
required for assembly, and is accompliished by force fitting, Type I, IB, IC,
1I1B, and some Type II coatings are too thin and too brittle to withstand
abrasive damage during such assembly. With Type III coatings assembly may be
accomplished by grinding, lapping or otherwise removing the surplus coating.
A1l anodic coatings are brittle and may crack and spall due to force fittings.

TABLE IV. Thickness ranges of anodic coatings on aluminum and aluminum alloys.

Coating Type Thickness range, inch
I, I8, IC, and IIB 0.00002 to 0.0007
II 0.00007 to 0.0010
I1I 0.0005 to 0.0045

6.10.6 Coating thickness. Table V gives typical minimum thicknesses in
inches of anodic coatings formed on some wrought and cast alloys that could
comply with the minimum coating weight requirements in accordance with Table I
for Types I, IA and II, Class 1.

TABLE V. Minimum thickness (typical) in inch of anodic coatings.

Alloy designation Thickness of coating, inch [
Type I, 1B, and IC Type I1I !
1100 0.000029 0.000093
2024-T4 - 0.000125
2024-T6 0.000044 -
3003 0.000035 0.000103
5052 ‘ 0.000033 0.000098
5056 ‘ 0.000021 -
6061-T6 0.000034 0.000099
7075-T6 0.000040 -
Alclad 2014-Té 0.000045 -
Alclad 7075-T6 0.000041 -
295-T6 - 0.000107
356-T6 - 0.000102
514 - 0.000086
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6.10.7 Effect on fatigue. The fatigue properties of aluminum alloys can be
severely reduced by anodic coatings. The amount of reduction varies with the
process. As a general rule, the thicker the coating the greater the reduction
in fatigue will be.

6.11 Duplex sealing. The corrosion resistance of dyed parts, especially
those anodized in a sulfuric acid bath, Type II and IIB, may be enhanced by
treatment in a sodium dichromate solution either during or after conventional
sealing with nickel acetate. This treatment can cause slight changes in the
color of the dye. Paint systems adhere very satisfactorily to duplex sealed
dyed coatings. However, where any objection with such duplex sealing
application is warranted because of a firmly desired coloration, the dual
process for sealing should not be used.

6.12 Dyeing or coloring Type I, IB, IC, and IIB coatings. Type I, IB, and
IC coatings have a different pore structure and along with Type IIB coatings
are thinner than Type II coatings which makes them more difficult to dye. As
a result, Type I, IB, IC, and IIB black anodized may not readily obtainable.

6.13 Alloys having 2 percent or more copper content. Aluminum alloys
having a nominal copper content of 2 percent or higher include all 2xxx series
alloys, 7050 and 7178 (see 3.7.2.2).

6.14 Size of contact marks. 1In order to obtain the desired current
density without burning the parts, the size or number of contact marks will be
greater on parts having higher surface areas. Because current density is a
measure of the required current per square foot of aluminum being anodized, a
part having twice as much surface area relative to another will require twice
as much current. Trying to force the higher currents required for larger
parts through smaller contact areas sufficient for parts with lower surface
areas may result in burning.

6.15 Sealing. The hot deionized water seal is advantages from an
environmental viewpoint. In addition, The use of a hot deionized water seal
on Type I and IB coatings yields good corrosion resistance and may eliminate
the appearance of patchy dark gray areas after salt spray exposure (see 6.18
and 3.7.1.2).

6.16 Effects on coating thickness. A hardcoat of 2 mils or more is
extremely difficult to obtain on high silicone die castings such as 360, 380,
and 383. It is recommended that this be considered when specifying a coating
thickness for high silicone castings.

6.17 Effects of Type III coating thickness on abrasion resistance. The
abrasion resistance of Type III coatings will decrease as the coating thickness
approaches 3 mils. In general, the abrasion resistance does not increase with
increasing coating thickness.

6.18 Corrosion resistance of Type I and IB coatings. Although pitting may
not be visually evident with the unaided eye, the appearance of dark gray
areas on the surface after salt spray exposure is an indication of coating
degradation.

6.19 Definition of a pit. A pit is defined as an area of localized
corrosion having a depth greater than its width. As a general rule, a pit
usually displays a characteristic tail or line (see 3.7.1.2).
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6.20 Acceptance criteria. Previous revisions of this document specified
an Acceptable Quality Level (AQL) of 1.5 percent defective.

6.21 Supersedure data. Type I, conventional chromic acid anodizing,
referenced throughout this specification is the same as the Type IA designated
in the D revision and the Type I in all versions preceding the D revision.

6.22 Changes from previous issue. Asterisks are not used in this revision
to identify changes with respect to the previous issue due to the extensiveness
of the changes.

6.23 Subject term (key word) listing.

Aluminum

Aluminum alloys
Anodic coatings
Anodizing

Chromates

Chromic Acid
Potassium Dichromate
Sodium Dichromate

Custodian: Preparing activity:
Army - MR Navy - AS
Navy - AS (Project no. MFFP-0493)

Air Force - 11

Review activities:
Army - AR, AV, MI
Navy - 0S, SH
Air force - 70, 71, 80, 82, 85, 99

User activities:
Army - AT, CR, ME
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30 November 1990
DETAIL SPECIFICATION

CHEMICAL CONVERSION COATINGS
ON ALUMINUM AND ALUMINUM ALLOYS

This specification is approved for use by all Departments and Agencies of the Department
of Defense.

1. SCOPE

1.1 Scope. This specification covers chemical conversion coatings formed by the reaction
of chemical conversion materials with the surfaces of aluminum and aluminum alloys.

1.2 Classification. The chemical conversion coatings are of the following types and
classes.

1.2.1 Types. The chemical conversion coatings are of the following types (see 3.1):

Type I — Compositions containing hexavalent chromium.
Type Il — Compositions containing no hexavalent chromium.

1.2.2 Classes. The materials, which form protective coatings by chemical reaction with
aluminum and aluminum alloys, are of the following classes (see 6.1 and 6.4).

Class 1A - For maximum protection against corrosion, painted or unpainted.
Class 3 - For protection against corrosion where low electrical resistance is required.

Comments, suggestions, or questions on this document should be addressed to: Commander,
Naval Air Warfare Center Aircraft Division, Code 491000B120-3, Highway 547, Lakehurst,
NJ 08733-5100 or emailed to thomas.omara@navy.mil. Since contact information can
change, you may want to verify the currency of this address information using the ASSIST
Online database at http://assist.daps.dla.mil.

AMSC N/A AREA MFFP
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2. APPLICABLE DOCUMENTS

2.1 General. The documents listed in this section are specified in sections 3 or 4 of this
specification. This section does not include documents cited in other sections of this
specification or recommended for additional information or as examples. While every effort has
been made to ensure the completeness of this list, document users are cautioned that they must
meet all specified requirements of documents cited in sections 3 or 4 of this specification,
whether or not they are listed.

2.2 Government documents.

2.2.1 Specifications and standards. The following specifications and standards form a part
of this document to the extent specified herein. Unless otherwise specified, the issues of these
documents are those cited in the solicitation or contract.

FEDERAL STANDARDS

FED-STD-141 -  Paint, Varnish, Lacquer and Related Materials: Methods of
Inspection, Sampling and Testing

DEPARTMENT OF DEFENSE SPECIFICATIONS

MIL-PRF-23377 - Primer Coatings: Epoxy, High-Solids

MIL-DTL-81706 - Chemical Conversion Materials for Coating Aluminum and
Aluminum Alloys

MIL-PRF-85582 - Primer Coatings: Epoxy, Waterborne

(Copies of these documents are available online at http://assist.daps.dla.mil/quicksearch or
http://assist.daps.dla.mil or from the Standardization Document Order Desk, 700 Robbins
Avenue, Building 4D, Philadelphia, PA 19111-5094.)

2.3 Non-Government publications. The following documents form a part of this document
to the extent specified herein. Unless otherwise specified, the issues of these documents are
those cited in the solicitation or contract.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) INTERNATIONAL

ASTM-B117

Salt Spray (Fog) Apparatus, Operating. (DoD adopted)
ASTM-D3359 - Adhesion By Tape Test, Measuring. (DoD adopted)

(Copies of these documents are available from ASTM International, 100 Barr Harbor
Drive, West Conshohocken, PA 19428-2959 or http://www.astm.org.).
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AMERICAN SOCIETY FOR QUALITY (ASQ)

ASQ-Z1.4 - Procedures, Sampling and Tables for Inspection
by Attributes

(Copies of this document are available from American Society for Quality, 600 North
Plankinton Ave., Milwaukee, WI 53203 or http://www.asq.org.)

SOCIETY OF AUTOMOTIVE ENGINEERS (SAE) INTERNATIONAL

SAE-AMS4027 - Aluminum Alloy, Sheet and Plate, 1.0Mg-0.60Si-0.28Cu-
0.20Cr, (6061; -T6 Sheet, -T651 Plate) Solution and
Precipitation Heat Treated. (DoD adopted)

SAE-AMS4037 - Aluminum Alloy, Sheet and Plate, 4.4Cu-1.5Mg-0.60Mn,
(2024; -T3 Flat Sheet; -T351 Plate) Solution Heat Treated.
(DoD adopted)

(Copies of these documents are available from SAE International, 400 Commonwealth
Drive, Warrendale, PA 15096-0001 or http://www.sae.org.)

2.4 Order of precedence. In the event of a conflict between the text of this document and
the references cited herein, the text of this document takes precedence. Nothing in this
document, however, supersedes applicable laws and regulations unless a specific exemption has
been obtained.

3. REQUIREMENTS

3.1 Materials. If no material type is specified type | shall be used. Unless otherwise
specified in the contract or order, substitutions of either type I for type II, or type 1l for type |
coatings are not permitted. The materials used to produce a chemical conversion coating shall be
approved for the selected type, class, form, and application method in accordance with the
qualification requirements of MIL-DTL-81706 and shall have been accepted for listing on the
applicable qualified products list (see 6.5). Replenishing chemicals, such as fluorides, added to a
bath to maintain its efficiency, shall not degrade the performance of the coating being applied.

3.2 Cleaning. Prior to coating, the base metal shall be mechanically or chemically cleaned
such that a water break-free surface is obtained after rinsing (see 6.6). Abrasives containing iron
such as steel wool, iron oxide, rouge, or steel wire are prohibited for all cleaning operations.
Treated parts that have become soiled shall be cleaned with materials that will remove the soil
without damaging the base metal, the part, or the conversion coating. If the coating is damaged,
the damaged area shall be recleaned and recoated or the part shall be rejected.

3.3 Application. Unless an application method is specified in the contract or order
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(see 6.4), the chemical conversion coating shall be applied nonelectrolytically by spray, brush, or
immersion after all heat treatments and mechanical operations such as forming, perforating,
machining, brazing, and welding have been completed (see 6.11 and 6.14). Assemblies
containing nonaluminum parts that may be attacked, embrittled, or damaged in any way by the
conversion coating process shall not be coated as assemblies unless the nonaluminum parts are
masked.

3.4 Touch-up. If specified in the contract or order, mechanically damaged areas from
which the coating has been removed shall be touched up or rejected. The damaged areas shall be
touched up with MIL-DTL-81706 material approved on QPL-81706 for the applicable type,
class, form, and method. The area to be touched up shall be not greater than 5 percent of the
total item surface area (See 6.4 and 6.17).

3.5 Appearance. The chemical conversion coating shall be continuous in appearance and
visibly discernible in daylight. It shall be free from areas of powdery or loose coating, voids,
scratches, flaws, and other defects or damages which reduce the serviceability of parts or are
detrimental to the protective value and paint bonding characteristics. The size and number of
contact marks shall be minimal, consistent with good practice. If specified in the contract or
order, contact marks shall be touched up with MIL-DTL-81706 material approved on QPL-
81706 for the applicable type, class, form, and method to prevent localized corrosion (see 6.4
and 6.8).

3.6 Performance characteristics.

3.6.1 Corrosion resistance. At the end of 168 hours of exposure to the 5 percent salt spray
test specified in 4.4.1, test specimens (see 4.2.2) treated with the applicable class of coating shall
meet the following corrosion resistance requirements (see 6.14):

a. No more than 5 isolated spots or pits (see 6.9), none larger than 0.031 inch in diameter,
per test specimen. Areas within 0.25 inch from the edges, identification markings, and
holding points during processing or salt spray exposure shall be excluded. Loss of color
shall not be cause for rejection.

b. No more than 15 isolated spots or pits, none larger than 0.031 inch in diameter, on the
combined surface area of all five test specimens, subjected to the salt spray test.

3.6.2 Paint adhesion (wet tape). When the production paint system (6.13) or the paint
system specified in 4.2.2.1.1 is applied to the applicable test specimens (see 4.2.2), no intercoat
separation shall occur between the paint system and the conversion coating, or between the
conversion coating and the base metal, when tested in accordance with 4.4.2 (an adhesion rating
of 4A or better according to ASTM-D3359 Procedure A) (see 6.12). If the conversion coated
parts do not require painting for end use, the paint adhesion test may be omitted if specifically
authorized by the acquisition activity (see 6.4).
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3.7 Electrical contact resistance of class 3 coatings. Electrical contact resistance testing
shall be as specified in the contract or order (see 6.4). The test method, frequency of testing, and
required resistance values shall be specified by the acquisition activity to meet the needs of a
particular application (see 6.1.2.1).

3.8 Chemical analysis of the conversion solution. Chemical analysis of the conversion
solution shall consist of concentration, pH, and temperature evaluations to determine that the
bath is within the ranges specified by the chemical manufacturer (see 6.11).

3.9 Workmanship. The chemical conversion coatings covered by this specification shall be
produced by treatments and processes that produce coated components as specified in this
specification.

4. VERIFICATION

4.1 Classification of inspections. The inspection requirements specified herein are
classified as follows:

a. Process control inspection (see 4.2).
b. Conformance inspection (see 4.3).

4.2 Process control inspection.

4.2.1 Process control tests and solution analysis. Test specimens shall be tested in
accordance with table I and 4.2.1.1. In addition to the tests in table I, solution analysis shall be
performed on all the processing solutions in the chemical conversion line (see 3.8) to verify that
the chemical concentrations are within ranges established for optimum performance (see 6.11
and 6.14). Process control tests are conducted to determine compliance of the chemical
conversion coatings with the requirements of this specification and are acceptable as evidence of
the properties being obtained with the equipment and procedures employed.

TABLE I. Process control tests.

Tests Class Number of Test Requirement Test
test specimen paragraph paragraph
specimens preparation
paragraph
Corrosion 1A 5 4.2.2 3.6.1 44.1
resistance 3 5 4.2.2 3.6.1 44.1
Wet tape 1A 2 4.2.2-422.1 3.6.2 4.4.2
adhesion 3 2 4.2.2-42.2.1 3.6.2 4.4.2
Electrical 3 5 4.2.2 3.7 441
contact
resistance
5

Source: http://www.assistdocs.com -- Downloaded: 2007-01-04T18:54Z
Check the source to verify that this is the current version before use.





MIL-DTL-5541F

4.2.1.1 Frequency of process control testing and solution analysis. Solution analysis shall
at a minimum be performed once every week (see 6.15). The process control tests specified in
table I shall at a minimum be conducted on a monthly basis. In addition, the interval between
each monthly test shall not exceed 35 days. If production in accordance with this specification is
not performed for 35 days or more, process control tests and solution analysis shall be conducted
at the restart of production.

4.2.2 Process control test specimens. Test specimens used for process control testing shall
be 3 inches wide, 10 inches long, with a nominal thickness of not less than 0.020-inch.
The test specimens shall be processed with the hardware during an actual production run,
including all pre- and post-treatment processes such as cleaning and rinsing, except as specified
below. Unless otherwise specified in the contract or order (see 6.4), either of the following alloy
options for the process control test specimens shall be used:

Option 1 - A set of test specimens shall be used for each alloy and temper treated during the
monthly process control period.

Option 2 - The test specimens shall be 2024-T3 aluminum alloy in accordance with
SAE-AMS4037 for class 1A coatings and 6061-T6 aluminum alloy test specimens in accordance
with SAE-AMS4027 for class 3 coatings. Aluminum alloy 2024-T3 test specimens may be used
in lieu of 6061-T6 test specimens for testing class 3 coatings (see 6.10). When castings are
being processed and the cleaning procedures used are detrimental to the wrought test specimens,
the test specimens shall be cleaned in a proper manner (see 3.2) and the conversion coated with
the castings. If the production parts are not 2024-T3 aluminum alloy and the etch or deoxidizer
may be detrimental to the test specimens, the manufacturer’s recommended cleaning practices
shall be used.

4.2.2.1 Preparation of paint adhesion specimens. Unless otherwise specified on the contract
or order (see 6.4), the paint system to be used on the test specimens for adhesion testing (see
4.4.2 and 6.13) shall be the same system used for the production work (applied and cured in the
same manner as the production work) or the paint system specified in 4.2.2.1.1.

4.2.2.1.1 Epoxy primer coatings. Test specimens shall be furnished with one coat of a
volatile organic compound (VOC) compliant epoxy-polymide primer conforming to
MIL-PRF-23377 or MIL-PRF-85582. In either case, the primer shall be applied to a dry film
thickness of 0.0006 to 0.0009 inch (0.6 to 0.9 mil) and dried in accordance with the applicable
primer specification before testing in accordance with 4.4.2.

4.2.3 Failure. Failure to conform to any of the process control requirements specified in
table I shall result in immediate cessation of production. The reason for failure shall be
determined and corrected before production resumes. All traceable and retrievable work from
the last acceptable process control test to the time when the failure was determined shall be
rejected, unless the work under review can be demonstrated to meet the requirements of this
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specification. Unless otherwise specified, parts that have been painted or incorporated into an
assembly shall not be considered retrievable.

4.3 Conformance inspection.

4.3.1 Sampling. Samples for visual examinations shall be selected from each lot (see 4.3.2)
of treated articles, items, parts, or components. Unless otherwise specified in the contract or
order (see 6.4 and 6.18), the sampling plan and acceptance criteria shall be as specified in ASQ-
Z1.4, inspection level II.

4.3.2 Visual lot examination. Samples selected in accordance with 4.3.1 shall be visually
inspected for compliance with 3.5 and 3.9. Each lot shall be inspected to ensure that the lot
consists of all conversion coated items of the same type, class, form, and method, treated under
the same process conditions, and submitted for acceptance at one time. Unless otherwise
specified on the contract or order, the lot size shall not exceed the number of parts, articles,
items, or components resulting from one day’s production (see 6.4).

4.3.3 Failure. Failure to conform to 4.3.2 shall result in rejection of the represented lot.
4.4. Test methods.

4.4.1 Corrosion resistance test. Five test specimens prepared in accordance with 4.2.2 shall
be used for corrosion resistance testing. After the coating application, the test specimens shall be
dried at 60 to 100 °F (16 to 38 °C) for 24 hours (see 6.14). The test specimens shall then be
subjected to a 5 percent salt spray test in accordance with ASTM-B117 for 168 hours, except
that the significant surface shall be inclined 6 + 2 degrees from the vertical. After exposure, test
pieces shall be cleaned in running water not warmer than 100 °F (38 °C), blown with clean, dry
unheated air, and visually examined for conformance to 3.6.1. The dry unheated air for type |
shall be not warmer than 100 °F (38 °C) and for type Il shall follow the manufacturer’s
recommended temperature ranges.

4.4.2 Wet tape adhesion test. Two test specimens prepared in accordance with 4.2.2 and
4.2.2.1 shall be tested for wet tape adhesion. The test shall be conducted in accordance with
FED-STD-141, method 6301, to determine conformance to 3.6.2.

5. PACKAGING

5.1 Not applicable.
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6. NOTES

(This section contains information of a general or explanatory nature that may be helpful,
but is not mandatory.)

6.1 Intended use. The conversion coatings covered by this specification are intended for
use, throughout the Department of Defense, on aluminum and aluminum alloy substrates that are
not anodized. They are used to repair anodized coatings on aluminum. They are designated as a
post treatment to ion-vapor deposition (VD) aluminum used on many military platforms as a
cadmium alternative or galvanic corrosion inhibitor. Type I and Il conversion coatings provide
corrosion protection on unpainted items, as well as improve adhesion of paint finish systems on
aluminum and aluminum alloys. The conversion coatings covered by this specification exceed
commercially available products due to the nature of their use on aircraft.

6.1.1 Class 1A. Class 1A chemical conversion coatings are intended to provide corrosion
prevention on unpainted items as well as improve adhesion of paint finish systems on aluminum
and aluminum alloys. Coatings of this type may be used, for example, on tanks, tubing, and
component structures where paint finishes are not required for interior surfaces but are required
for the exterior surfaces.

6.1.2 Class 3. Class 3 chemical conversion coatings are intended for use as a corrosion
preventive film for electrical and electronic applications where lower resistant contacts, relative
to class 1A coatings, and anodic coatings in accordance with MIL-A-8625, are required (see
6.1.2.1). Coating thickness is varied by immersion time, and as a result, the same conversion
material can be listed on QPL-81706 for both classes. Because class 3 coatings are thinner they
are more susceptible to corrosion than class 1A coatings. If it is required to paint areas
surrounding electrical contacts, class 3 coatings improve adhesion of paint systems on aluminum
and aluminum alloys.

6.1.2.1 Electrical resistance testing. When under a nominal electrode pressure of 200 psi,
class 3 coatings are qualified under MIL-DTL-81706 to have a resistance not greater than 5,000
microhms per square inch as supplied and 10,000 microhms per square inch after 168 hours of
salt spray exposure. In addition to the coating or coating thickness (see 6.1.2), other variables
heavily influence resistance values when using the test method specified in MIL-DTL-81706 or
other similar methods. The following two variables (see 6.1.2.1.1 and 6.1.2.1.2) may have a
greater effect on electrical resistance values than the conversion coating thickness.

6.1.2.1.1 Surface roughness of the specimen panel. Test specimens having rough surfaces
will yield lower resistance values when subjected to a contact electrode pressure due to coating
fracture. This reasoning can also be applied to the contact electrode.

6.1.2.1.2 Flatness of the contact electrode. If an electrode with a given surface area is not
flat, the actual contact area will be lower than the theoretical value. A smaller contact area
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results in a higher resistance value. The same reasoning can be applied to the test specimen.

6.2 Responsibility for inspection. Unless otherwise specified in the contract or order, the
contractor is responsible for the performance of all inspection requirements (examinations and
tests) as specified herein. Except as otherwise specified in the contract or order, the contractor
may use his own or any other facilities suitable for the performance of the inspection
requirements specified herein, unless disapproved by the Government. The Government
reserves the right to perform any of the inspections set forth in the specification where such
inspections are deemed necessary to ensure supplies and services conform to prescribed
requirements.

6.3 Responsibility for compliance. All items must meet the requirements of section 3. The
inspection set forth in this specification must become a part of the contractor’s overall inspection
system or quality program. The absence of any inspection requirement in the specification will
not relieve the contractor of the responsibility of ensuring that all products or supplies submitted
to the Government for acceptance comply with all requirements of the contract. Sampling
inspection, as part of manufacturing operations, is an acceptable practice to ascertain
conformance to requirements, however, this does not authorize submission of known defective
material, either indicated or actual, nor does it commit the Government to acceptance of
defective material.

6.4 Acquisition requirements. Acquisition documents should specify the following:

Title, number, and date of the specification.

Type and class required (see 1.2.1 and 1.2.2).

Method of application, if restricted (see 3.3).

If touch-up is permitted for mechanically damaged areas (see 3.4).

Colorless coatings, if required (see 3.5).

If touch-up is permitted for contact marks (see 3.5)

Omit the paint adhesion test, if permitted (see 3.6.2).

If electrical resistance testing if required for class 3 coatings (see 3.7 and 6.1.2).

When electrical resistance testing is required, specify the required resistance values,
frequency of testing, and test method (see 3.7 and 6.1.2).

j. Alloy and temper of the process control test specimens, if different than that specified in

4.2.2.

k. Paint finish system for treated parts, if applicable (see 4.2.2.1).

I. Quantity required.

m. Sampling plan, if different than that specified (see 4.3.1 and 6.18).

n. Lot size, if different than that specified (see 4.3.2).

—~ST@ oo oo TR

6.5 Interchangeability. The various products approved in accordance with
MIL-DTL-81706 and listed on QPL-81706 provide equivalent coatings within each
type and class. These coatings are equivalent insofar as performance of the chemical conversion
coating is concerned, to the provisions of this specification, but are not interchangeable from a
chemical standpoint; that is, different materials cannot be mixed. The materials from one
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supplier cannot be mixed or used to strengthen an existing solution from another material
supplier. As the chemical coating materials are proprietary products, the ingredients, processes,
the method of application (e.g., spray, brush, or immersion), and the equipment required for
application of the coating may vary. Contractors and military activities must take this into
account in acquisition, in the design of parts, and in the establishment of facilities. Detail
drawing of parts requiring treatment in accordance with this specification should specify class
1A or 3, where applicable the required type, I or Il, and any paint finishing systems required to
meet the performance desired. If the coating class is not specified, class 1A is recommended.

6.6 Cleaners. Use of a non-etch cleaner is preferred, particularly on wrought alloys. If an
etch is used, caution must be taken to prevent pitting or intergranular attack. This is particularly
important when using an alkaline etch because the aluminum tends to be more soluble than its
alloying elements and existing intermetallics, such as copper, which may be further exposed. As
a result, alkaline etching should be avoided (particularly when cleaning assembled structures). If
an alkaline etch is used, it should always be followed by an acid neutralization step.

6.7 Abrasion resistance. The abrasion resistance of chemical coatings is relatively low.
Coatings are reasonably durable when subjected only to moderate handling, but are readily
removed by severe wear or erosion. However, cold forming operations, when performed with
care, can generally be performed on treated metals without appreciable damage to the coatings.

6.8 Visual appearance. The simplest way to evaluate a conversion coating is to observe
color, continuity in appearance, smoothness and adhesion to the base metal (see 3.5). Visual
examination is performed to ensure that proper cleaning and coating procedures were used such
that a coating with sufficient protection exists over the entire part. Materials qualified under
MIL-DTL-81706 produce coatings that range in color from clear/colorless to iridescent yellow,
brown, gray, or blue. It may be possible to develop acceptable color levels for a particular
coating system by use of color chips. The following circumstances may exist that relate to color
uniformity:

a. When several alloys are processed with the same conversion chemical, color may vary
from alloy to alloy.

b. Due to the high level of impurities and oxidation on the surfaces of aluminum welds and
castings, color may not be as uniform as that obtained by treating wrought alloys.

c. Dark spots may result from dripping or rundown of the conversion chemicals when the
parts are lifted out of the treatment tank. A small amount of spotting does not result in
coating degradation but must be minimized by quickly rinsing the parts after treatment, and
use of proper racking techniques.

Visual examination does not reveal if the protective value of the coating has been impaired by

contamination or by overheating during drying. If a clear coating is required, inspection
difficulties may arise because visual inspection does not reveal the presence of a coating. For
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type | materials, existence of a coating can be verified by using a simple spot test specified in
ASTM-B449. For type Il materials, existence of a coating should be verified per the
manufacturer’s recommendation

6.9 Determination of a corrosion spot or pit. As a general rule, a corrosion spot or pit
usually displays a characteristic tail or line, however, any visible corrosion or pitting except
scratches or substrate surface defects is to be counted..

6.10 Test specimens (2024-T3). Due to high copper content, 2024-T3 aluminum alloy test
specimens are more susceptible to salt spray failure than 6061-T6 aluminum alloy test specimens
(see 4.2.2).

6.11 Chemical analysis of the conversion solution. Note that many conversion materials do
not react sufficiently with aluminum surfaces at low temperatures. Conversion coating of parts
in an unheated facility, such as a hangar, during colder periods of the year is not recommended.

6.12 Paint adhesion. Coated parts should be allowed to dry in accordance with the
chemical manufacturer’s recommendation before they are subsequently painted or adhesion
failures may occur. When coated parts are stored for extensive periods before painting, they
should be cleaned in accordance with 3.2 to reactivate the surface by removing dust particles.
Excessively thick coatings may result in paint adhesion problems, such as blistering, due to
higher amounts of soluble material under the paint.

6.13 Paint compatibility. Compatibility problems between conversion coatings and certain
Chemical Agent Resistant Coatings (CARC) have been reported.

6.14 Temperature effects on corrosion protection. Unpainted conversion coatings will
commence losing corrosion resistance properties if exposed to temperatures of 140 °F (60 °C) or
higher, during drying, subsequent fabrication, or service. As temperatures and exposure times
increase, the corrosion protection of unpainted conversion coated parts decreases. The reduction
is believed to result from the coating dehydrating and the resulting insolubility of the chromates
within the coating.

6.15 Solution analysis documentation. Documentation of the history of each processing
bath, showing additions of replenishing chemicals to the bath and the results of all solution
analyses performed must be maintained. Testing of the solution should be consistent with best
industry practices and manufacturer’s recommendations. Upon request of the acquisition
activity, such records, as well as reports of the test results, should be made available. These
records must be maintained for not less than one year after completion of the contract or order.

6.16 Shelf life. This specification covers items where shelf life is a consideration. Specific
shelf-life requirements should be specified in the contract or purchase order. The shelf-life
codes are contained in the Federal Logistics Information System Total Item Record. Additive
information for shelf-life management may be obtained from DoD 4140.27-M, Shelf-life
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Management Manual, or the designated shelf-life Points of Contact (POC). The POC should be
contacted in the following order: (1) the Inventory Control Points (ICPs), and (2) the DoD
Service and Agency administrators for the DoD Shelf-Life Program. Appropriate POCs for the
DoD Shelf-Life Program can be contacted through the DoD Shelf-Life Management website:
http://www.shelflife.hg.dla.mil/.

6.17 Touch-up. If the area exceeds 5 percent, specific approval must be obtained from the
acquisition activity before the area can be touched up.

6.18 Acceptance criteria. The contract or order will specify the acceptable quality levels for
the sampling plan specified in 4.3.1 (see 6.4).

6.19 Subiject term (key word) listing.

Chromates

Fluorides

Hexavalent chromium
Phosphates

6.20 Changes from previous issue. Marginal notations are not used in this revision to
identify changes with respect to the previous issue due to the extent of the changes.

Custodians: Preparing activity:
Army - MR Navy - AS
Navy - AS (Project MFFP-0706)
Air Force - 11

Review activities:
Army - AR, AV, CR, CR4, Ml, YD
Navy - OS, SH
Air Force - 71, 99

NOTE: The activities listed above were interested in this document as of the date of this
document. Since organizations and responsibilities can change, you should verify the currency
of the information above using the ASSIST Online database at http://assist.daps.dla.mil.
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MIL-DTL-81706B
W/AMENDMENT 1

2 May 2006
SUPERSEDING

MIL-DTL-81706B
25 October 2004

DETAIL SPECIFICATION

CHEMICAL CONVERSION MATERIALS
FOR COATING ALUMINUM AND ALUMINUM ALLOYS

This specification is approved for use by all Departments and Agencies of the Department
of Defense.

1. SCOPE

1.1 Scope. This specification covers chemical conversion materials used in the formation
of coatings by the reaction of the material with the surfaces of aluminum and aluminum alloys.

1.2 Classification. The chemical conversion materials and application methods are of the
following types, classes, material forms, and methods.

1.2.1. Types. The chemical conversion materials are of the following types (see 6.2).

Type | — Compositions containing hexavalent chromium.
Type 11 — Compositions containing no hexavalent chromium.

1.2.2 Classes. The materials, which form protective coatings by chemical reaction with
aluminum and aluminum alloys, are of the following classes (see 6.2).

Class 1A - For maximum protection against corrosion, painted or unpainted.
Class 3 - For protection against corrosion where low electrical resistance is required.

Comments, suggestions, or questions on this document should be addressed to: Commander,
Naval Air Warfare Center Aircraft Division, Code 491000B120-3, Highway 547, Lakehurst,
NJ 08733-5100 or emailed to thomas.omara@navy.mil. Since contact information can
change, you may want to verify the currency of this address information using the ASSIST
Online database at http://assist.daps.dla.mil.

AMSC N/A AREA MFFP
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1.2.3 Material forms. Chemical conversion materials are of the following forms (see 6.2).

Form |
Form 11
Form Il
Form IV
Form V
Form VI

Powder

Concentrated liquid

Premixed liquid (ready for use touch-up brush application)

Premixed liquid, thixotropic (ready for use)

Premeasured powder, thixotropic (ready for use after addition of water)
Premixed liquid (ready for touch-up use in self-contained applicator device)

1.2.4 Application methods. Chemical conversion materials are of the following application

methods (see 6.2).

Method A — Spray

Method B — Brush-on or wipe-on

Method C — Immersion

Method D — Applicator pen or presaturated applicator device

1.3 Part or identifying number (PIN). PINs to be used for the chemical conversion materials

for coating aluminum and aluminum alloys acquired to this specification are created as follows:

M 81706 1 A2 B

I

2. APPLICABLE DOCUMENTS

Application method (see 1.2.4): A — Spray
B - Brush
C — Immersion
D — Applicator

Material form (see 1.2.3): 1 - Form I Concentrated liquid
2 — Form 11 Powder
3 —Form 11l Premixed liquid
4 — Form IV Premixed liquid
5 — Form V Premeasured powder
6 — Form V1 Premixed liquid

Class (see 1.2.2): A —Class 1A Maximum corrosion
protection
B — Class 3 Protection against corrosion
where low electrical resistance is required

Type (see 1.2.1): 1 - Type I Compositions with hexavalent
chromium
2 — Type Il Compositions with no
hexavalent chromium

Specification number
M prefix
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2.1 General. The documents listed in this section are specified in sections 3 and 4 of this
specification. This section does not include documents cited in other sections of this
specification or recommended for additional information or as examples. While every effort has
been made to ensure the completeness of this list, document users are cautioned that they must

meet all specified requirements documents cited in sections 3 and 4 of this specification, whether
or not they are listed.

2.2 Government documents.

2.2.1 Specifications and standards. The following specifications and standards form a part
of this document to the extent specified herein. Unless otherwise specified, the issues of these
documents are those cited in the solicitation or contract.

FEDERAL STANDARDS

FED-STD-141 - Paint, Varnish, Lacquer and Related Materials: Methods of
Inspection, Sampling and Testing

DEPARTMENT OF DEFENSE SPECIFICATIONS

MIL-PRF-23377 - Primer Coatings: Epoxy, High-Solids
MIL-PRF-85285 - Coating: Polyurethane, Aircraft and Support Equipment
MIL-PRF-85582 - Primer Coatings: Epoxy, Waterborne

(Copies of these documents are available online at http://assist.daps.dla.mil/quicksearch/ or
www.dodssp.daps.mil or from the Standardization Document Order Desk, 700 Robbins Avenue,
Building 4D, Philadelphia, PA 19111-5094.)

2.3 Non-Government publications. The following documents form a part of this document
to the extent specified herein. Unless otherwise specified, the issues of these documents are
those cited in the solicitation or contract.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) INTERNATIONAL

ASTM-B117 - Salt Spray (Fog) Apparatus, Operating. (DoD adopted)
ASTM-D3359 - Adhesion by Tape Test, Measuring

(Copies of these documents are available from the ASTM International, 100 Barr Harbor
Drive, West Conshohocken, PA 19428-2959 or www.astm.org.)
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SOCIETY OF AUTOMOTIVE ENGINEERS (SAE) INTERNATIONAL

SAE-AMS4027 - Aluminum Alloy, Sheet and Plate, 1.0Mg-0.60Si-0.28Cu-
0.20Cr, (6061; -T6 Sheet, -T651 Plate), Solution and
Precipitation Heat Treated. (DoD adopted)

SAE-AMS4037 - Aluminum Alloy, Sheet and Plate, 4.4Cu-1.5Mg-0.60Mn,
(2024; -T3 Flat Sheet; -T351 Plate), Solution Heat Treated.
SAE-AMS4045 - Aluminum Alloy, Sheet and Plate, 5.6Zn-2.5Mg-1.6Cu-

0.23Cr, 7075: (-T6 Sheet, -T651 Plate), Solution and
Precipitation Heat Treated. (DoD adopted)

(Copies of these documents are available from the SAE International, 400 Commonwealth
Drive, Warrendale, PA 15096-0001 or www.sae.org.)

2.4 Order of precedence. In the event of a conflict between the text of this document and
the references cited herein, the text of this document takes precedence. Nothing in this
document, however, supersedes applicable laws and regulations unless a specific exemption has
been obtained.

3. REQUIREMENTS

3.1 Qualification. The chemical conversion materials furnished under this specification
shall be products that are authorized by the qualifying activity for listing on the applicable
qualified products list before contract award (see 4.2 and 6.5).

3.2 Coating materials. All ingredients used in the chemical conversion materials shall meet
the requirements of this specification. Type | materials shall be formulated from hexavalent
chromium compounds, other inorganic salts such as phosphates or fluorides, catalysts, activators,
and accelerators. Type Il materials shall be formulated from salts, catalysts, activators, and
accelerators that contain no hexavalent chromium. The materials, in an aqueous solution, shall
form a conversion coating nonelectrolytically.

3.3 Application. The material, after proper mixing, shall be a material selected for
treatment of the prepared metal in accordance with the supplier's instructions, by spray, brush,
immersion, or applicator (see 1.2.4 and 6.2). Class 1A material, furnished premixed in liquid
forms 111 and 1V shall be in the concentration required for treatment and shall require no further
dilution. Type I conversion coatings shall not be subjected to a surface temperature greater than
140 °F (60 °C) during drying or curing. Type Il conversion coatings shall not be subjected to a
surface temperature greater than 250 °F (120 °C), or to a surface temperature greater than
recommended in accordance with the supplier’s instructions, whichever is lower, during drying
or curing. No conversion coated component shall be subjected to a surface temperature greater
than 250 °F (120 °C) during drying or curing. After application, the coating shall be continuous
and substantially free from powdery and loose areas. The coating shall also be free from breaks,
scratches, flaws, or other defects that will reduce serviceability or be detrimental to appearance,
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protective value, or paint bonding characteristics. The material shall deposit a conversion coating
visibly discernible in daylight.

3.4 Toxicity. The material and processing baths or solutions shall have no adverse effect
on the health of personnel (see 6.5.2), when used for the intended purpose in accordance with
local process specifications (see 6.1).

3.5 Performance characteristics.

3.5.1 Corrosion resistance. After testing in accordance with 4.5.1 for applicable salt spray
exposure periods specified in table I, the specimens shall show no evidence of corrosion when
compared to unexposed control panels using the naked eye. Areas within 0.25 inch (6.35
millimeters [mm]) from the edges of the panel, the identification markings, and the panel holding
points during processing or salt spray exposure shall not be evaluated. Differences in color
between the test panels and the control panels shall not be cause for rejection.

TABLE I. Schedule for corrosion resistance properties of unpainted chemical films.

Corrosion Resistance Class Aluminum Alloy To Be Salt Spray
Inspection Conversion Coated Exposure (Hours)
3 6061-T6 168
Conformance 1A 2024-T3 168
3 6061-T6 168

1/ Exposure time for class 1A, form VI, method D materials shall be 168 hours.

3.5.2 Paint adhesion (wet tape). After application of the epoxy polyamide primer in
accordance with 4.4.4, no intercoat separation shall occur between the paint system, the
conversion coating, or the base metal, when tested in accordance with 4.5.2.

3.5.3 Paint adhesion (wet tape) after repair (applies to nonimmersion methods). After panel
repair and immersion in test fluid as specified in 4.5.3, the scribed panels shall exhibit no peel-
away and be rated at not less than 4A in accordance with ASTM-D3359. There shall be no
blistering of the unscribed coated area.

3.6 Coating weight (class 1A only). When tested in accordance with 4.5.4, type | coating
weight shall be not less than 40 milligrams per square foot (430 milligrams per square meter) of
surface area. Class 1A, type I, form VI, method D coating weight shall be not less than 10
milligrams per square foot of surface area (107.5 milligrams per square meter). Class 1A, type Il
coating weight shall be not less than 10 milligrams per square foot of surface area (107.5
milligrams per square meter).

3.7 Contact electrical resistance properties (class 3 only). When tested in accordance with
4.5.5, the contact electrical resistance of aluminum alloy panels treated with class 3 materials
under an applied electrode pressure of 200 pounds per square inch (psi) shall be not greater than
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5,000 microhms psi as applied and 10,000 microhms psi after salt spray exposure specified in
4.5.1. Individual readings not greater than 20 percent in excess of the specified maximums shall
be acceptable, provided that the average of all readings does not exceed the specified maximum
resistance.

3.8 Vertical adherence weight (forms IV and V only). After testing in accordance with
4.5.6, forms 1V and V shall have an average adherence weight of 2.8 to 6.5 grams. The materials
shall cling uniformly to the test panel with no visual evidence of excessive runoff or lack of
coverage.

3.9 Storage stability. The storage life of the materials conforming to this specification shall
be not less than 12 months (see 6.7). Products for which storage stability is to be determined
shall be furnished in containers as specified by the qualifying activity. Storage samples shall not
be opened or agitated during the stipulated storage period. After storage stability the product
shall be easily mixed or diluted in accordance with the supplier’s instructions, and shall conform
to all applicable requirements of this document. Only those products that have been tested and
initially found to meet all applicable requirements of this specification shall be evaluated for
storage stability (see 4.5.7).

3.10 Unit of issue. To interface with existing equipment and system part lists and meet
the required storage characteristics, the units of issue shall be as specified in 3.10.1 and 3.10.2.

3.10.1 Bulk materials. Form I unit of issue shall be one gallon, shipped in plastic lined
containers of up to 55 gallon capacity. Form Il unit of issue shall be one pound, shipped in
plastic lined or plastic containers of up to 175 pound capacity. All containers shall be sealed to
prevent moisture intrusion.

3.10.2 Ready-to-use or premeasured materials. Units of issue for forms 111 and 1V shall be
one pint or one quart plastic containers with plastic lined screw cap. Unit of issue for form V
shall be one quart plastic container with plastic lined screw cap. The plastic container shall be
marked with the powder level and the added liquid level. All containers shall be sealed to
prevent moisture intrusion. Unit of issue for form VI, method D, shall be one applicator device.

3.11 Warning label. For type I, forms I through V, the following warning shall appear on
each container:

WARNING: Chemical conversion materials are strongly oxidizing and present a potential
fire and explosion hazard when in contact with flammable materials such as
paint thinners. Avoid storing or mixing these materials in containers that
previously contained flammable products.

Type Il chemical conversion materials shall be labeled in accordance with Department of
Transportation (DOT) or National Fire Protection Association (NFPA) regulations for solid and
liquid compositions.
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3.12 Instructions for use. All containers shall have specific instructions for mixing, using,

and applying the chemical conversion materials. The instructions shall be either marked or
labeled on the container, or included on an instruction sheet in a plastic envelope attached
securely to the outside of the container. The methods and materials used to provide the marking
or labeling, for all forms except form VI, shall be water-repellent to ensure that the instructions
remain legible under the exposure conditions of the container.

3.13 Workmanship. The chemical conversion materials shall be uniform in composition
and quality, and be free from impurities and other defects that impair usability and adversely
affect performance. The chemical conversion materials furnished in this specification shall be
identical in composition and coating characteristics to the qualification sample.

4. VERIFICATION

4.1 Classification of inspections. The inspection requirements specified herein are
classified as follows:

a. Qualification inspection (see 4.2).
b. Conformance inspection (see 4.3).

4.2 Qualification inspection. Qualification inspection shall consist of all tests specified in
table 11.

4.2.1 Samples. The qualification test samples for application methods A, B, and C (see
1.2.4) shall consist of individual containers of premeasured material to make up the following:

a. Four individual ten-gallon baths for immersion application.
b. Four individual one-gallon baths for spray application.
c. Four individual one-gallon baths for brush application.

The qualification sample for application method D (see 1.2.4) shall consist of twelve applicator
devices, ready for use.

NOTE: The qualifying activity (see 6.5) does not measure any of the individual component
chemicals. They only add water, if applicable, to the premeasured quantity (forms I, Il, and V).
The qualifying activity does, however, furnish the necessary test panels for qualification
inspection. The samples shall be forwarded as directed in the letter of authorization (see 6.5) and
be identified by securely attached tags marked with the following information:
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Samples for qualification inspection

CHEMICAL CONVERSION MATERIALS FOR COATING ALUMINUM AND

ALUMINUM ALLOYS
Name of manufacturer
Manufacturing facility
Product code number
Batch number

Date of manufacture

Submitted by (name) (date) for qualification inspection in accordance with
MIL-DTL-81706B under authorization of (reference authorizing letter).

TABLE Il. Qualification inspections.

. Alloys To Number Panel
Inspection Class Be Tested 1/ Of Identification F;grrgt FTaeri.
Panels 2/ Numbers 3/
Corrosion 1A 2024-T3 5 1A through 6A | 3.5.1 | 45.1
Resistance 7075-T6 5 1B through 6B
3 6061-T6 5 1C through 6C
Electrical Contact 3 6061-T6 5 4/ 1Cthrough5C | 3.7 | 455
Resistance After Salt
Spray Exposure
Electrical Contact 3 6061-T6 5 7C through 11C 3.7 | 455
Resistance Without
Salt Spray Exposure
Paint Adhesion 1A 2024-T3 2 7A and 8A 352 | 452
Initial 7075-T6 2 7B and 8B
3 6061-T6 2 12C and 13C
Paint Adhesion 1A 2024-T3 18 9A through 26A | 3.5.3 | 45.3
After Repair 5/ 7075-T6 18 9B through 26B
Coating 1A 2024-T3 3 27A through 29A | 3.6 | 454
Weight 7075-T6 3 27B through 29B
Vertical Adherence 1A 7075-T6 3 30B through 32B 38 | 456
of Thixotropic Forms
(IVand V)
Storage Life 6/ 39 | 457
1/ 2024-T3, 7075-T6, and 6061-T6 shall conform to SAE-AMS4037, SAE-AMS4045,

and SAE-AMS4027, respectively.
2/ Panel dimensions and preparations shall be in accordance with 4.4.

3/ Panels 6A, 6B, 6C shall be used as the corrosion resistance test control panels

(unexposed to salt spray).

4/ Reuse class 3 salt spray panels for electrical contact resistance after salt spray

exposure.
5/ Requirement for class 1A, form VI, method D materials only.
8
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6/ Conduct all qualification inspections on material exposed to the storage life test. Do
not repeat storage life test.

4.3 Conformance inspection. Conformance inspection shall consist of testing chemical
conversion materials from each lot (see 4.3.1) to perform all inspections specified in table I1I.

TABLE Ill. Conformance inspections.

Inspection Class | Alloys To Number Of | Panel Identification | Rgmt Test
Be Tested 1/ | Panels To Be Numbers 3/ Para. Para.
Tested 2/

Corrosion 1A 2024-T3 5 1A through 6A 3.5.1 451
Resistance 3 6061-T6 5 1C through 6C
Paint 1A 2024-T3 2 7A and 8A 3.5.2 45.2
Adhesion 3 6061-T6 2 12C and 13C
Coating 1A 2024-T3 3 9A through 11A 3.6 454
Weight
Vertical 1A 7075-T6 3 12B through 14B 3.8 4.5.6
Adherence of
Thixotropic
Forms (IV
and V)

1/ 2024-T3, 7075-T6, and 6061-T6 shall conform to SAE-AMS4037, SAE-AMS4045,
and SAE-AMS4027, respectively.

2/ Panel dimensions and preparations shall be in accordance with 4.4.

3/ Panels 6A and 6C shall be used as the corrosion resistance test control panels
(unexposed to salt spray).

4.3.1 Lot. Unless otherwise specified in the contract or purchase description (see 6.2), a lot
of the chemical film material shall consist of one production run, produced by one manufacturer
under the same processing conditions, without change in ingredients or ingredient lots and
offered for delivery at one time (see 6.5.3). If the material cannot be identified by lot, a lot shall
consist of not more than 1,500 gallons of liquid or 2,000 pounds of powder material offered for
delivery at one time.

4.4 Preparation of test panels.

4.4.1 Alloys, required number of panels, identification markings, and dimensions. The
alloys to be tested, the number of panels required for each test, and the identification marking for
each panel are specified in table Il for qualification testing and in table 111 for conformance
inspection testing. Panel dimensions, after repair paint adhesion, shall be 5 x 3 x 0.032 inch
(12.7 x 7.6 x 0.08 mm). All other panels shall be 10 x 3 x 0.032 inch (24.4 x 7.6 x 0.08 mm).
The aluminum used to fabricate the panels shall be free of pits, scratches, mill markings, or
imperfections due to irregularity of heat treatments.
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4.4.2 Panel cleaning.

4.4.2.1 Panel cleaning prior to conversion coating . Test panels shall be cleaned with
materials that remove soil without damaging the metal. The panels shall be cleaned to remove
oxides and all foreign substances. Acid solutions, when required, shall be used for removal of
oxides and the characteristic surface smut. The panels shall be rinsed thoroughly with water
prior to coating application. Abrasives containing iron, such as steel wool, iron oxide rouge, or
steel wire are prohibited for all cleaning operations as particles from them may become
embedded in the metal and accelerate corrosion. The panels shall be handled during all cleaning
and subsequent treatments so that mechanical damage or contamination is avoided.

4.4.2.2 Vertical adherence panels (forms IV and V only). The 7075-T6 aluminum panels
required for the vertical adherence shall be cleaned with an acetone rinse. The panels shall then
be marked with a pencil line 4 inches (101 mm) from one end, prior to testing for vertical
adherence in accordance with 4.5.6.

4.4.3 Conversion coating application. Panels prepared and cleaned in accordance with
4.4.1 and 4.4.2, except for class 1A, form VI, method D, shall be conversion coated on all
surfaces in accordance with the manufacturer’s instructions. All panels shall be dried at
temperatures between 70 to 90 °F (21 to 32 °C) for 24 hours prior to testing, except panels to be
used for coating weight determination (see 4.5.4). For class 1A, form VI, method D, panels
prepared and cleaned in accordance with 4.4.1 and 4.4.2 shall be conversion coated on one side
in accordance with the manufacturer’s instructions. All panels shall be dried at ambient
conditions for not less than 24 hours. Panels 1 through 5 exposed to salt spray shall have edges
protected by wax or other method approved by the qualifying activity.

4.4.4 Panel finishing.

4.4.4.1 Paint adhesion panels. Test panels prepared, cleaned, and conversion coated in
accordance with 4.4.1 through 4.4.3 shall be finished with one coat of a volatile organic
compound (VOC) compliant epoxy-polyamide primer conforming to MIL-PRF-23377 and
MIL-PRF-85582 to a dry film thickness of 0.0006 to 0.0009 inch (0.6 to 0.9 mil). Panels
prepared from class 1A, form VI, method D, shall be air dried for 14 days before testing. All
other panels shall be allowed to dry in accordance with the primer specification, prior to testing
for paint adhesion in accordance with 4.5.2.
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4.4.4.2 Paint adhesion panels (after repair).

4.4.4.2.1 Panels 9 through 17. Panels prepared, cleaned, and conversion coated in
accordance with 4.4.1 through 4.4.3 shall be finished with one coat of epoxy primer conforming
to MIL-PRF-23377. After the primer has dried for 5 hours, a polyurethane topcoat conforming
to MIL-PRF-85285 shall be applied. Panels shall be air dried for 14 days before testing.

4.4.4.2.2 Panels 18 through 26. Panels prepared, cleaned, and conversion coated in
accordance with 4.4.1 through 4.4.3 shall be finished with one coat of epoxy primer conforming
to MIL-PRF-85582. After the primer has dried for 6 hours, a polyurethane topcoat conforming
to MIL-PRF-85285 shall be applied. Panels shall be air dried for 14 days before testing.

4.5 Test methods.

4.5.1 Corrosion resistance. Panels prepared in accordance with 4.4 shall be used for
corrosion resistance testing of class 1A and class 3 materials. The selected specimens shall be
subjected to a 5 percent salt spray test in accordance with ASTM-B117, except that the
significant surface shall be inclined 6 degrees from the vertical. Specimens being qualified or
for lot acceptance (see 4.3.1) shall be exposed for the number of hours specified in table 1. After
exposure, specimens shall be cleaned in running water with a temperature not greater than 100
°F (38 °C), blown with clean dry unheated air, and compared with the unexposed specimen for
the presence of corrosion to determine compliance with 3.5.1. Differences in color between test
panels and unexposed control specimens shall not be cause for rejection. Specimens from class
3 material, after exposure and cleaning, shall be allowed to air dry for 24 hours at room
temperature before testing for contact electrical resistance properties in accordance with 4.5.5 for
compliance with 3.7.

4.5.2 Paint adhesion (wet tape). Panels prepared in accordance with 4.4.4.1 shall be tested
for paint adhesion in accordance with FED-STD-141, Method 6301.3.

4.5.3 Paint adhesion (wet tape), after repair (applies to nonimmersion methods).

4.5.3.1 Repair procedure. Panels 9 through 26, finished as specified in 4.4.4.2, shall be
abraded to a shiny substrate using a Scotch Brite wheel or pad (see 6.6), or equivalent, as
approved by the qualifying activity. The abraded area shall be 4 square inches. The remainder
of the topcoat shall be lightly abraded to accept refinish primer. Class 1A, form VI, method D
material shall be applied to the abraded entire panel and conditioned in accordance with the
manufacturer’s instructions. The entire surface of panels 9 through 17 and panels 18 through 26
shall be refinished as specified in the applicable section of 4.4.4.2.
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4.5.3.2 Immersion procedure. Painted panels shall be immersed in distilled water as
follows:

3 panels of each substrate and finish for 24 hours at room temperature.
3 panels of each substrate and finish for 96 hours at 120 +2 °F (49 +1 °C).
3 panels of each substrate and finish for 168 hours at 150 +2 °F (65.5 +1 °C).

Upon completion of the immersion period, the panels shall be removed from the water, dried
using a clean, dry soft cloth, and be immediately evaluated as specified in 4.5.3.3.

4.5.3.3 Evaluation procedure. Panels prepared in accordance with 4.4.4.1 shall be tested for
paint adhesion in accordance with FED-STD-141, Method 6301.3, except that the scribed area
shall include the original paint, overlap area, and the repair area.

4.5.4 Coating weight (class 1A). Panels prepared as specified in 4.4.3 shall be tested as
specified herein for conformance to the requirements in 3.6. For type | coatings, within 3 hours
after applying the conversion coating, the panels shall be weighed to the nearest 0.1 milligram.
The coating shall not be aged for more than 3 hours since it will become difficult to remove and
the results will be inaccurate. Immediately after weighing, the specimens shall be immersed for
60 seconds in freshly made nitric acid solution, composed of equal parts by volume of
concentrated nitric acid (70 percent HNO3) and deionized water, maintained at room
temperature. Coating removal can be facilitated by brushing the specimen with a clean cotton
swab. For type Il coatings, the method specified for type | coatings shall be used, unless an
alternative method is specified by the manufacturer. After removal of the conversion coating,
the specimen shall be rinsed thoroughly in deionized or distilled water, blown dry with clean,
filtered oil-free air, and reweighed. The weight of the chemical conversion film in milligrams
per square foot shall be calculated as follows:

Film Weight = (W1 - W) x 2.4 for milligrams/ft® (25.8 for milligrams per square meter)

where: W, = Initial weight in milligrams
W, = Final weight in milligrams

4.5.5 Contact electrical resistance (class 3 only). Panels prepared as specified in 4.4 (before
and after the salt spray exposure [see 4.5.1]) shall have the contact electrical resistance of the
coating determined for conformance to 3.7. Test equipment and circuitry as shown on figures 1
and 2 shall be used for measuring the electrical resistance of the class 3 material specimens. The
applied load shall be within one percent of the calculated 200 psi applied pressure. The
contacting electrodes shall be copper or silver-plated copper with a finish not rougher than that
obtained by the use of 000 metallographic abrasive paper. The electrodes shall be flat enough so
that when the load is applied without a specimen between them, light will not be visible through
the contacting surface. The area of the upper electrode shall be one square inch (25 square mm)
and the area of the lower electrodes shall be larger. Ten measurements shall be made on each
panel in the areas shown on figure 3.
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FIGURE 1. Sketch of equipment for measuring electrical resistance of chemical film.
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FIGURE 2. Circuit diagram for contact resistance measurements.
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FIGURE 3. Areas for measurements of electrical resistance on treated panels.
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4.5.6 Vertical adherence (forms IV and V only). Each panel prepared as specified in

4.4.2.2 shall be placed in a 600 ml beaker and weighed with the beaker to the nearest 0.1 gram.
The weight for each panel shall be recorded. One quart of the form 1V or form V material (with
the required water added) shall be thoroughly mixed and allowed to stand for not less than 24
hours. After the 24-hour period, an amount of material shall be transferred to a 600 ml plastic
beaker (not the beaker used in the weight determinations) such that the beaker is almost filled.
Four inches (up to the pencil line) of each panel shall be immersed, one at a time, in the coating
material. The panel shall then be lifted vertically above the surface of the material and allowed
to drain for 45 seconds. The panel shall then be transferred without rinsing to the beaker in
which it was originally weighed and the coated panel with the beaker shall be reweighed to the
nearest 0.1 gram. The vertical adherence weight shall be determined for each panel by
subtracting the original weight of the panel and the beaker from the weight of the coated panel
and beaker. The results obtained for each panel shall be averaged to determine compliance to
3.8.

4.5.7 Storage stability. After having been stored in its original container for the specified
time period (see 3.9) under daily mean temperatures within 35 to 95 °F (2 to 35 °C), with peak
ambient air temperature not exceeding 115 °F (46 °C), the product shall be tested in accordance
with table I to determine compliance to 3.9.

5. PACKAGING

5.1 Packaging. For acquisition purposes, the packaging requirements shall be as specified
in the contract or order (see 6.2). When packaging of materiel is to be performed by DoD or in-
house contractor personnel, these personnel need to contact the responsible packaging activity to
ascertain packaging requirements. Packaging requirements are maintained by the Inventory
Control Point's packaging activities within the Military Service or Defense Agency, or within the
military service's system commands. Packaging data retrieval is available from the managing
Military Department’s or Defense Agency's automated packaging files, CD-ROM products, or
by contacting the responsible packaging activity.

6. NOTES

(This section contains information of a general or explanatory nature that may be helpful,
but is not mandatory.)

6.1 Intended use. The conversion coatings covered by this specification are intended for
use, throughout the Department of Defense, on aluminum and aluminum alloy substrates that are
not anodized. They are used to repair anodize coatings on aluminum. They are designated as a
post treatment to ion-vapor deposition (VD) aluminum used on many military platforms as a
cadmium alternative or galvanic corrosion inhibitor. Type I and Il conversion coatings provide
corrosion protection on unpainted items, as well as improve adhesion of paint finish systems on
aluminum and aluminum alloys. Conversion coatings covered by this specification exceed
commercially available products due to the nature of their use on aircraft. All conversion
coating applications in accordance with this specification are assumed to use type I unless the
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use of
type 1l is specified. Type Il may not be substituted for type I, for either Class 1A or Class 3,
unless authorization for its use is given by the acquisition activity or engineering authority for
the system or item on which the conversion coating is applied.

6.1.1 Class 1A. Class 1A materials covered by this specification are intended for use in the
formation of chemical conversion coatings which are corrosion preventive films and will
improve adhesion of paint finish systems to aluminum and aluminum alloys.

6.1.1.1 Class 1A, form VI, method D. Class 1A, form VI, method D materials covered by
this specification are intended for use in the formation of conversion coatings for repair or touch-
up applications which are corrosion preventive and will improve adhesion of paint finish systems
to aluminum and aluminum alloys.

6.1.2 Class 3. Class 3 materials covered by this specification are intended for use in the
formation of chemical conversion coatings which are corrosion preventive films for electrical
and electronic applications where low resistance contacts are required.

6.1.3 Relationship with MIL-C-5541. The materials that have been approved in accordance
with the requirements of this document and have been accepted for listing on the applicable
qualified products list are used to produce coatings conforming to MIL-C-5541. MIL-C-5541
covers the requirements for chemical conversion coatings formed by the reaction of materials
qualified to this specification and applied to the surfaces of articles, items, parts, or components
made of aluminum and aluminum alloys.

6.2 Acquisition requirements. Acquisition documents should specify the following:

a. Title, number, and date of the specification.

b. Type and class required (see 1.2.1 and 1.2.2).

c. Form and application method of material to be furnished (see 1.2.3 and 1.2.4).
d. Unit of issue required (see 3.10).

e. Quantity required.

f. Lot size (see 4.3.1).

g. Packaging requirements (see 5.1).
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6.3 Interchangeability. The various products approved under this specification are
interchangeable within each class insofar as performance is concerned, but are not
interchangeable from a chemical standpoint, that is, different products cannot be mixed. The
product from one manufacturer should not be mixed or used to strengthen an existing solution
from another supplier. As the chemical film materials are proprietary products, the ingredients,
processes, the method of application (for example, spray, brush, and immersion), and the
equipment required for application vary with the different products. Contractors and military
activities should take this into account in procurement, in the design of parts, and in the
establishment of facilities. Detail drawing of parts requiring treatment with materials conforming
to this specification should specify the required class, 1A or 3, and optionally, the required type,
lorll.

6.3.1 Field use. Products used for brush application method B and pen or wipe application
method D are available for field use in repainting and the repair of existing corroded areas, and
are listed in the applicable qualified products list. Products used for touch-up brush application,
already premixed, are available for field use in kits. The chemical conversion materials are one
of the products to be used in treating small areas of corrosion on weapons systems.

6.4 Other alloys. The acquisition activity may select other alloys and other types of
specimens more representative of production work for the conformance inspection of corrosion
resistance of the chemical conversion material. Criteria should be supplied by the acquisition
activity.

6.5 Qualification. With respect to products requiring qualification, awards will be made
only for products which are, at the time of award of contract, qualified for inclusion in Qualified
Products List QPL-81706 whether or not such products have actually been so listed by that date.
The attention of the contractors is called to these requirements, and manufacturers are urged to
arrange to have the products that they propose to offer to the Federal Government tested for
qualification in order that they may be eligible to be awarded contracts or orders for the products
covered by this specification. Information pertaining to qualification of products may be
obtained from Commander, Naval Air Warfare Center Aircraft Division, Materials Division,
Bldg. 2188, Patuxent River, MD 20670-1908.

6.5.1 Retention of qualification. In order to retain qualification of a product approved for
listing on the qualified products list (QPL), the manufacturer will verify by certification to the
qualifying activity, that the manufacturer’s product complies with the requirements of this
specification. Unless otherwise specified, the time of periodic verification by certification will
be in two-year intervals from the date of the original qualification, and will be initiated by the
qualifying activity. No change will be made in formulation, raw materials or supplier(s) of raw
materials, methods of manufacture, equipment, or geographic location without prior written
Government approval. The Government reserves the right to re-examine the qualified product
whenever deemed necessary to determine that the product continues to meet any or all of the
specification requirements.
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6.5.2 Information required to accompany qualification samples. When authorizing the

forwarding of qualification samples, the qualifying activity will request the manufacturer to
submit the qualification inspection sample, the Material Safety Data Sheet (MSDS), and a test
report showing that the material conforms to the requirements of this specification. An MSDS
must be prepared and submitted in accordance with FED-STD-313. The MSDS must also meet
the requirements of 29 CFR 1910.1200. The 29 CFR 1910.1200 requires that the MSDS for
each hazardous chemical used in an operation must be readily available to personnel using the
material. Questions pertinent to the effect(s) of these conversion coatings on the health of
personnel using them can be referred by the procuring activity to the appropriate medical
service, who will act as its adviser. Contracting officers will identify the activities requiring
copies of the MSDS.

6.5.3 Conformity to qualified sample. All lots of chemical conversion materials supplied
under this specification must be manufactured using the same formulation, raw materials and
supplier(s) of raw materials, methods of manufacture, equipment, and geographic location as the
qualification sample, unless changes have been approved by the qualifying activity.

6.6 Source of items for tests. Type 250 tape, Scotch Brite wheels, and pads are available
for purchase from the 3M Company, Minneapolis, MN.

6.7 Shelf life. This specification covers items where shelf life is a consideration. Specific
shelf-life requirements should be specified in the contract or purchase order. The shelf-life
codes are contained in the Federal Logistics Information System Total Item Record. Additive
information for shelf-life management may be obtained from DoD 4140.27-M, Shelf-life
Management Manual, or the designated shelf-life Points of Contact (POC). The POC should be
contacted in the following order: (1) the Inventory Control Points (ICPs), and (2) the DoD
Service and Agency administrators for the DoD Shelf-Life Program. Appropriate POCs for the
DoD Shelf-Life Program can be contacted through the DoD Shelf-Life Management website:
http://www.shelflife.hqg.dla.mil/.

6.8 Subiject term (key word) listing.

Chromates
Chromium
Phosphates

6.9 Amendment notations. The margins of this specification are marked with vertical lines
to indicate modifications generated by this amendment. This was done as a convenience only
and the government assumes no liability whatsoever for any inaccuracies in these notations.
Bidders and contractors are cautioned to evaluate the requirements of this document based on the
entire content irrespective of the marginal notations
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CONCLUDING MATERIAL

Custodians: Preparing activity:
Army - MR Navy - AS
Navy - AS (Project MFFP-2006-003)
Air Force - 99

Review activities:
Army - AT, Ml
Navy - OS, SH
Air Force - 11, 84

NOTE: The activities listed above were interested in this document as of the date of this
document. Since organizations and responsibilities can change, you should verify the currency
of the information above using the ASSIST Online database at http://assist.daps.dla.mil.

20

Source: http://www.assistdocs.com -- Downloaded: 2007-01-04T720:23Z
Check the source to verify that this is the current version before use.



http://assist.daps.dla.mil/



		2 May 2006     

		        SUPERSEDING 

		 Form I  –  Concentrated liquid 

		 Form II  – Powder  

		 Form IV – Premixed liquid, thixotropic (ready for use) 

		 Form V   – Premeasured powder, thixotropic (ready for use after addition of water)  

		 Form VI –  Premixed liquid (ready for touch-up use in self-contained applicator device) 

		 Method A – Spray      

		 Method B – Brush-on or wipe-on    

		 Method C – Immersion 

		 Method D – Applicator pen or presaturated applicator device 

		 

		 1.3  Part or identifying number (PIN). PINs to be used for the chemical conversion materials for coating aluminum and aluminum alloys acquired to this specification are created as follows: 

		Class

		Qualification

		Conformance

		Manufacturing facility 



		12B through 14B





		 where: W1 = Initial weight in milligrams 

		  Phosphates 

		  

		CONCLUDING MATERIAL 





		 Navy -  OS, SH  
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DETAIL SPECIFICATION
COATING, ALUMINUM, HIGH PURITY

This specification is approved for use by al Departments and Agencies
of the Department of Defense

1. SCOPE

1.1  Scope. This specification establishes the requirements for coating low alloy stedl, stainless
steel, auminum alloy, copper aloy, and titanium aloy parts with high purity aluminum (99
percent plus) (see 6.1).

1.2  Classfication. High Purity auminum coatings should be of the following classes and
types (see 6.1.1, 6.1.2).

1.2.1 Classes.

Class 1 - 0.0010 inch thick (0.026 mm) (min)

Class 2 - 0.0005 inch thick (0.013 mm) (min)

Class 3 - 0.0003 inch thick (0.008 mm) (min)
122 Types.

Type| - as coated
Type Il - with supplementary chromate treatment (see 3.4)

Beneficial comments (recommendations, additions, deletions) and any pertinent data which may be of
use in improving this document should be addressed to: ASC/ENSI, 2530 Loop Rd West, Wright-
Patterson AFB OH 45433-7101, by using the self-addressed Standardization Document I|mprovement
Proposal (DoD Form 1426) appearing at the end of this document or by letter.

AMSC N/A AREA MFFP

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.
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2. APPLICABLE DOCUMENTS

2.1  General. Thedocuments listed in this section are specified in sections 3 and 4 of this
gpecification. This section does not include documents cited in other sections of this specification
or recommended for additional information or as examples. While every effort has been made to
ensure the completeness of thislist, document users are cautioned that they must meet all
specified requirement documents cited in sections 3 and 4 of this specification whether or not they
are listed.

2.2 Gover nment documents

2.2.1 Specifications and standards. The following specifications and standards form a part of
this document to the extent specified herein. Unless otherwise specified, the issues of these
documents are those listed in the issue of the Department of Defense Index of Specifications and
Sandards (DoDISS) and supplement thereto, cited in the solicitation (see 6.2).

SPECIFICATIONS

DEPARTMENT OF DEFENSE
MIL-S-5002 Surface Treatments and Inorganic Coatings for Metal
Surfaces of Weapon Systems
MIL-C-5541 Chemica Conversion Coating on Aluminum and
Aluminum Alloys
MIL-T-9046 Titanium and Titanium Alloy, Stedl, Strip and Plate

(Unless otherwise indicated, copies of federal and military specifications, standards, and
handbooks are available from the Defense Printing Service Detachment Office, 700 Robbins
Avenue, Building 4D, and Philadelphia, PA 19111-5094).

2.3  Non-Government publications. The following documents form a part of this document
to the extent specified herein. Unless otherwise specified, the issues of the documents that are
DoD adopted are those listed in the issue of DoDISS cited in the solicitation. Unless otherwise
specified, the issues of documents not listed in the DoDISS are the issues of the documents cited
in the solicitation (see 6.2).
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AMERICAN SOCIETY FOR TESTING AND MATERIALS STANDARDS

ASTM EI18 Rockwell Hardness and Rockwell Superficial Hardness of
Metallic Materials

ASTM B117 Operating Salt Spray (Fog) Apparatus (DoD Adopted)

ASTM B487 Measurement of Metal and Oxide Coating, Thickness by
Microscopic Examination of a Cross Section, Method of (DoD
Adopted)

ASTM B499 Measurement of Coating Thickness by the Magnetic Method
Nonmagnetic Coatings on Magnetic Base Metals (DoD
Adopted)

ASTM B567 Measurement of Coating Thickness by the Beta Backscatter
Method (DoD Adopted)

ASTM E1004 Test Method for Electromagnetic (Eddy-Current)

Measurements Of Electrical Conductivity

(Application for copies should be addressed to the American Society for Testing and Materials,
100 Barr Harbor Drive, West Conshohocken PA  19428-2959, (610-832-9500))

SOCIETY OF AUTOMOTIVE ENGINEERS
AMS-QQ-A-250/4 Aluminum Alloy 2024, Plate and Sheet
AMS-QQ-A-250/12  Aluminum Alloy 7075, Plate and Sheet

AMS- 6350 Steel Sheet, Strip, and Plate 0.95Cr — 0.20Mo — (0.28 — 0.33C)
(SAE 4130)

(Application for copies should be addressed to the Society of Automotive Engineers, 400
Commonweadlth Drive, Warrendale, PA 15096)

24  Order of precedence. Intheevent of aconflict between the text of this document and
the references cited herein, the text of this document takes precedence. Nothing in this document,
however, supersedes applicable laws and regulations unless a specific exemption has been
obtained.

3. REQUIREMENTS

3.1 Materials. Thematerial shall be capable of conforming to the requirements of this
specification and in accordance with 3.1.1.
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3.1.1 Composition. The composition of the aluminum coating shall not be less than 99.0
percent aluminum.

3.2 Equipment and processes. As specified in 3.9.2, the equipment and processes employed
to produce high purity aluminum coatings shall be capable of providing a uniform coating.

3.2.1 Processes. The process used to deposit the coating shall not cause atemperaturerisein
the parts that could cause adverse reaction between the coating and the substrate or adversely
affect the substrate.

3.2.1.1 Cleaning. All base metals shall be cleaned in accordance with MIL-S-5002 or equivalent
cleaning method, prior to coating with high purity aluminum.

3.3 Areasof deposit. Except as specified in 3.5.4, the coating shall completely cover al
visible surfaces, including roots of threads, and sharp corners. The coating shall be deposited
directly on the base metal without a preliminary coating of other metal.

34 Supplementary chromate treatment (Type ll). Unless otherwise specified, the high
purity coating shall be Type I, whichisa Type | coating with a supplementary chromate
treatment in accordance with MIL-C-5541, Class 1A. Chromate treated parts, other than
fasteners, should receive additional protective coatings. Application requiring electrical
conductivity (see 6.1) shall be chromate treated with a MI1L-C-5541 solution which meets both
Class 1A (corrosion resistance) and Class 3 (low electrical resistance) requirements.

35 Thickness of coating. Except as specified in 3.5.4, the thickness of high purity
aluminum shall be as specified in 1.2.1 on all visible surfaces.

3.5.1 Class1thickness. Class1 thicknessshall be used where tolerance will permit.

3.5.2 Class2thickness. Class 2 thickness shall be used where Class 1 thicknessis
unacceptable for dimensiona thickness reasons.

+ 353 Class3thickness. Class 3 thickness shall be used for close tolerance applications such as
~ finely threaded parts.

- 354 Exceptionsto Class 1, 2, and Class 3 thickness. Fixture contact points, holes, recesses,

- internal threads, and other areas where a controlled deposit cannot be obtained shall not be

© subject to athickness requirement. However, there shall be visual evidence of coating in holes

~ and recesses down to a depth of at least the diameter of the hole or recess. Fastener areas that
cannot be touched with a 0.020-inch diameter ball shall not be subject to thickness requirement.
Threads that gage undersize solely as aresult of coating thickness shall be considered acceptable.

3.6 Stripping of aluminum coatings. Steel parts to be recoated shall be stripped by
mechanical means or in a suitable caustic solution. If stripped with caustic solution, steel parts
having hardness Rockwell C-40 or greater shall be baked after stripping at an appropriate time
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and temperature to relieve any hydrogen embrittlement in the base metal. Nonsteel parts shall be
stripped by mechanical means or in a suitable chemical solution that does not result in degradation
of the base metal.

3.7 Adhesion. When tested in accordance with 4.4.2, the adhesion of the coating shall not
show separation from the base metal at the interface when examined at a minimum magnification
of approximately four-diameters. The interface between the auminum and the base metal is the
surface of the base meta before coating. The formation of cracks in the deposit caused by
rupture of the base metal but does not result in flaking, peeling or blistering of the deposit shall
not be cause for rejection.

3.8 Corrosion resistance. When tested in accordance with 4.4.3, test samples shall show no
evidence of corrosion of the base metal after testing as specified in table 1. The appearance of
white corrosion products on the aluminum coating during the test period shall not be cause for
rejection.

Table 1. Salt Spray Test

Class Test Period (hours)
Typel Typell
1 504 672
2 336 504
3 168 336

3.9  Workmanship

3.9.1 Base metal. The base meta shall be free from defects that will be detrimental to the
appearance or the protective value of the coating.

3.9.2 Coating. The high purity auminum coating shall be smooth, fine grained, adherent,
uniform in appearance, free from staining, pitting, and other defects. The coating shall show no
indication of contamination or improper operation of equipment used to produce the deposit, such
as excessively powdered or darkened coatings. Type |l parts processed in accordance with
MIL-C-5541 requirements shall have a continuous, distinctly colored protective film ranging in
color from yellow and iridescent bronze through olive drab and brown.

3.10 Base metal integrity. When tested in accordance with 4.4.4, aluminum base metal parts,
after coating, shall have a Rockwell B hardness change of no more than 3 points. The hardness
after coating shall meet the minimum acceptable value for that aloy and temper.

No reproduction or networking permitted without license from IHS
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4, VERIFICATION

4.1  Classification of inspection. The inspection requirements specified herein are classified
asfollows:

a. Conformance inspection (see 4.2).

4.2  Conformanceinspections. Conformance inspections shall include the examination of
4.2.1 and the tests of 4.3.1 through 4.4.4.

4.2.1 Inspection lot. A lot shall consist of coated samples of approximately the same size,
shape, material type, and class of coating, coated in the same production run. In the case of short
production runs, alot for inspection purposes may be made up of a group of small lots covering
orders of parts similar in size and shape and coated under similar conditions. Lot size shall not
exceed normal production run capability.

4.2.1.1 Samplefor thicknessand adhesion. A random sample of two specimens shall be taken
from each inspection lot or aminimum of two test specimens shall be prepared in accordance with
4.3 to represent the inspection lot.

4.2.1.2 Samplefor corrosion resistance. A random sample of two specimens shall be taken
from the designated inspection lot at a minimum of once per month or two test specimens shall be
prepared in accordance with 4.3 to represent the inspection lot. Failure of any sample shall
require random sampling for five consecutive inspection lots (see 4.2.1) without failure.

4.2.1.3 Samplefor base metal integrity. When the base meta is aluminum, two random
samples shall be taken from each inspection lot.

4.3 Test specimens. When the coated parts are of such form or material as to not readily
adaptable to a test specified herein, or for destructive tests, or for sampling of small lot sizes, test
specimens shall be tested instead. Test specimens shall be introduced into alot at regular intervals
at the cleaning operation preliminary to the coating and shall not be separated from the lot until
after completion of the processing. Conditions affecting the coating of the specimens, including
the spacing and positioning with respect to coating source and to other objects being coated, shall
correspond as nearly as possible to those affecting the significant surfaces of the specimens
represented.

4.3.1 Adhesion test samples

4.3.1.1 Stedl parts. In accordance with AMS 6350 or equivaent, use metal strips approximately
1 inch by 4 inches by 0.040 inch made of 4130 steel for stedl parts.

4.3.1.2 Titanium parts. In accordance with MIL-T-9046 or equivalent, use metal strips
approximately 1 inch by 4 inches by 0.040 inch made of Ti-6Al-4V for titanium parts.

6
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4.3.1.3 Aluminum or copper parts. In accordance with AMS-QQ-A-250/4 or equivalent, for
2000 series aluminum or copper parts, or 7075-T6 in accordance with AMS-QQ-A-250/12 or
equivaent, for 7000-series aluminum parts, use meta strips approximately 1 inch by 4 inches by
0.040 inch made of 2024-T8L1.

4.3.2 Thicknesstest sample. In accordance with AMS 6350 or equivalent, use metal strips
approximately 1 inch by 4 inches by 0.040 inch made of 4130 steel. Test samples shall be used
only when the base metal is other than a ferrous alloy.

4.3.3 Corrosion test samples. In accordance with AMS 6350 or equivalent, use panels at least
3 inches wide by 6 inches long by 0.040 inch made of 4130 steel for corrosion tests.

4.4 M ethods of inspection

4.4.1 Thickness. In accordance with 4.2.1.1, test samples shall have the thickness determined
by eddy current test, beta backscatter test, micrometer measurements, microscopic test, or
magnetic tests. The magnetic test is applicable only to ferrous aloy substrates. The beta
backscatter test shall be made in accordance with ASTM B567. The microscopic test shall be
made in accordance with ASTM B487. The magnetic test shall be made in accordance with
ASTM B499. For verification of other test methods, the microscopic test shall be used. If the
thickness of the coating on a nonferrous aloy part cannot suitably be measured with any of these
test devices, test specimens in accordance with 4.3.2 may be used. Due to coating wraparound
the coating thickness on the test specimens (4.3.2) is thicker than on the production parts. To
compensate for the wraparound effect the thickness on the production parts is determined by
dividing the thickness measured on the test specimens by 1.6.

4.4.2 Adhesion. In accordance with 4.2.1.1, test samples shall have adhesion determined by
methods 4.4.2.1 or 4.4.2.2. Test samplesfor individual production parts shall be in accordance
the 4.4.2.3. The eddy current test for conductivity measures shall be made in accordance with
ASTM E1004.

4.4.2.1 Nonadhesion. Scrape the surface of the coated article (4.3.1) to expose the base metal
and examine at a minimum of four-diameter magnification for evidence of nonadhesion. Any
evidence of nonadhesion from the base metal shall be cause for rejection.

4.4.2.2 Strip rupture. Clamp the coated test strip (4.3.1) in avise and bend back and forth until
strip rupture occurs. If the edge of the ruptured coating can be peeled back or if separation
between the coating and the base metal can be seen at the point of rupture when examined at
four-diameter magnification adhesion it shall be cause for regjection.

4.4.2.3 As-applied coating. For individua production parts only, burnish the as-applied
coating with glass bead until a shiny, uniform appearance is obtained. The peening nozzle shall be
held at 6 to 8 inches above the part and the nozzle shall dowly be passed completely over the
part. Peening residue shall be removed with dry nitrogen gas or oil-free filtered air. Removal of
the coating from the base metal shall be cause for rejection.

7
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443 Corrosion resistance. In accordance with 4.2.1.2, test samples shall be corrosion
- resistance tested as specified in ASTM B117 to determine conformance with 3.8 herein.

4.4.4 Base metal integrity. In accordance with 4.2.1.3, test samples shall have the Rockwell
B hardness measured in accordance with ASTM E18.

51 Packaging. For acquisition purposes, the packaging requirements shall be as specified in
the contract or order (see 6.2). When actual packaging of materia isto be performed by DoD
personnel, these personnel need to contact the responsible packaging activity to ascertain requisite
packaging requirements. Packaging requirements are maintained by the Inventory Control Point’s
packaging activity within the Military Department or Defense Agency, or within the Military
Department’ s System Command. Packaging data retrieva is available from the managing Military
Department or Defense Agency’ s automated packaging files, CD-ROM products, or by
contacting the responsible packaging activity.

6. NOTES
(This section contains information of a general or explanatory nature that may be helpful, but is
not mandatory).

6.1 Intended use. The high purity aluminum coatings covered by this specification are
intended for use as corrosion protective coatings on ferrous and aluminum alloy parts. The
requirements for coating low aloy steel, stainless steel, duminum aloy, copper aloy, and titanium
aloy parts with high purity aluminum (99 percent plus) are military unique. Control of the
application process is absolutely critical because of the potential change in mechanical fatigue life
or strength on aluminum substrates to which the coating is being applied. Coating may be applied
by any process which produces a high purity (99 percent plus) auminum coating. lon vapor
deposited aluminum, sputtered aluminum, and aluminum electrodeposited using an organic
electrolyte are processes that meet this criteria. 1t can be used on high strength steel without
causing hydrogen embrittlement, for high temperature applications up to 925°F (496°C), and in
lieu of anodize on fatigue-critical aluminum structures. It can also be applied to copper, titanium,
and stainless stedl aloys to provide corrosion compatibility with aluminum structure. Typell
(Chromate, see 3.4) high purity aluminum coating can also be used for applications which require
an electrically conductive surface such as electrical bonding and ground, and Electromagnetic
(EMI) Interference compatibility.

6.1.1 Class1and Class 2 coatings. Class 1 and Class 2 coatings are intended as genera
purpose coatings where corrosion protection and/or dissmilar metal compatibility is required for
structural and functional ferrous and non-ferrous alloy parts.

6.1.2 Class3coatings. Class 3 coatings are intended as specia purpose coatings where
corrosion protection and/or dissimilar metal compatibility is required for close tolerance or
threaded parts (such as bushings, pins, fastener, etc.).

6.2 Acquisition requirements. Acquisition documents should specify the following:

8
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a Title, number and date of this specification.
b. Class and type of coating required (see 1.2).
6.2.1 Options. Any desired options offered herein may be utilized in procurement document.

6.3  Reagent for microscopic determination. The following typical reagent may be used for
etching aluminum coatings on steel for microscopic determination of coating thickness:

10 percent weight NaOH

6.4  Dimensional tolerance. The dimensiona tolerance of most threaded specimens, such as
nuts, bolts, and similar fasteners with complementary threads do not permit the application of a
coating thickness much greater than Class 3. If heavier coatings are required for corrosion
resistance, alowance must be made in the manufacture of the threaded fasteners for tolerance
necessary for coating build-up.

6.5 Samples. If sampleswith bids are required, they should be specifically asked for in the
invitation for bids, and the particular purpose to be served by the bid sample should be definitely
stated. This specification will apply in all other respects.

6.6  Subject term (key word) listing

Aluminum coating
Chromate treatment
Corrosion resistance
lon vapor deposition
Multi-coat coating
Sprayable
Strippable

Water emulsion

6.7  Changesfrom previousissue. Marginal notations are not used in this revision to identify
changes with respect to the previous issue due to the extensiveness of the changes.

Custodians: Preparing activity:
Army - MR Air Force- 11

Navy - AS

Air Force—11 (Proj. No. MFFP-0630)
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MIL-STD-87TOB(USAF)
CADMIUM PLATING, LOW EMBRITTLEMENT, ELECTRODEPOSITION
1. SCOPE

1.1 Scope. This standard covers the process and materials required
for the electrodeposition of cadmium on high strength steel
substrates. Subsequent heat treating techniques needed to insure low
embrittlement of steel are also described. This process is not

authorized for use on steel heat treated above 1.65 x 10--Pasoals -

(Pa)[ 240,000 pounds per square inch (psi)] without the approval of the

applicable Procuring Activity. Plating of steel heat treated above :
g .

1.65 x 10 Paacals (Pa) (240,000 psi) 1s authorized only on indiv*dual
L]

part evaluation )

1.2 Documentation. This standard meets and exceeds the requirements
of QQ-P-I18 and may be used whenever plating per QQ-P-416.

1.3 Classification. -

1.3.1 Classes. Cadmium plating covered by this standard shall be of
the following classes: - :

Class 1 0.01i3mm (0.0005 inch) thick minimum
Class 2 0.008mm (0.0003 inch) thick minimum

MY = N N AN emwme A NAANND & T :
LLlass 3 UJLUUDHI \V.UUuez .f."ii‘;‘u} thiclk minimum

2. REFERENCED DOCUMENTS
2.1 Government documents -

2.1.1 Speoiricgtionststandangs; and handbooks. Unless otherwise

specified, the following specifications, standards, and handbooks - of
the issue listed in that issue 6f the Department of Defense index of
Specifications and Standarda (DoDISS) specified in the solicitation

form a part of this standard to the extent specified herein.

SPECIFICATIONS
Federal
0-5-598 Sodium Hydroxide, Technical
QQ-A-6T1 Anodes, Cadmium
QQ-P-U416 Plating, Cadmium (Electrodeposited)
Military
MIL-S-5002 Surface Treatments and Inorganic Coatings for

Metal Surfaces of weapons Systems
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STANDARDS
Military

MIL-STD-871 Electro-chemical Strippiﬁg of Inorganic
Finishes ‘

MIL-STD-1504" Abrasive Blasting of Aircraft components

{(Copies of specifications, standards, handbooks, drawings, and
publications required by contractors in connection with specific
acquisition functions should be obtained from the contracting
activity or as directed by the contracting officer.)

2.2 Other publications. The following document(s) form a part of
this standard to the ‘extent specified herein. Unless otherwise speci-
fied, the issues of the documents which are DoD adopted shall be those .
"~ listed in the issue of the DoDISS specified in the solicitation. The
issues of documents which have not been adopted shall be those in effect
on the date of the cited DoDISS.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)
ASTM E8 ~ Metallic Materials, Tension Testing of

(Application for copies should be addressed to the American Society
for Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.)

" (Nongovernment standards are generally availlable for reference
from libraries. They are algo distributed among nongovernment stan-
dards bodies and using Federal agencies.)

2.3 Order of precedence. In the event of a conflict between the text

* of this specification and the references cited herein (except for
associated detail specifications, specification sheets or MS Standards},
the text of this specification shall take precedence. Nothing in this
specification, however; shall supercede applicable laws and regulations
unless a specific exemption has been obtained.

3. 'DEFINITIONS

3.1 High strength steel. For the purpose of this standard; gigh
strepgth stgel is defingd as steel heat treated to 1.24 x 10%Pa (1.26
¥ 10°kg£/mm™) (1.8 x 107psi).

3.2-Material batch. All items processed at one time through the
plating bath.

4. GENERAL REQUIREMENTS

4.1 Materiala and equipment.

4.1.1 Materials. The use of reclaimed materials shall be encouraged
to the maximum extent possible. Materials used in cadmium plating
are as follows:
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a. Sodium Hydroxide, flake of granulated (0-S-598).
b. Sodium Cyanide, Plating Grade, (96-98% NaCN).

¢. Cadmium Ball Anodes, QQ-A-671.

4.1.2 ~rquipment. Equipment used in cadmium plating i1s as follows!

a. Either generated or rectified D.C. current may be used. Ripple
value shall not exceed 10 percent as measured by dividing the Root
Mean Square of the A.C. voltage component by the D.C. voltage.

b. Tanks shall be resistant fo the operating temperature and the

chemical environment. Tanks in which any electrolytic action takes
place must be free of shorts.

c. Plating tanks to be operated at temperatures other than room

temperature shall be equipped with automatic temperature indicating.
and regulating devices.

d. An ammeter shall be placed in series with the cadmium tank
cathode. The ammeter shall have sufficient shunts and switches to
provide a full-scale reading equal to the maximum capaclty of the

power source, and an accuracy of + 10 percent of the current being
measured.

€. A blast ocablnet shall be located near the plating line, _ The
size of the cabinet shall be adequate to enclose the parts to be-
plated. Air lines shall.be suitably trapped and filtered to prevent
in~process contamination of the parts to be cleaned.

f. An oven capable of baking parts at 190.5 + 13.9 degrees C (375 +
25 degrees F) shall be located near the plating line, The size of the
oven shall be adequate to enclose parts to be plated. The oven shall

be equippedwith temperature indicating, recording and regulating de~
vices,

4.2 Specification QQ-P-416. The-requirements of QQ-P-416 shall be
complied with on all parts, in conjunction with those specified in
+ this standard. If there is a conflict between the two documents
however, the requirements of this standard shall govern.

4.3 Finish. The plated part will bave a finish that is smooth,
continuous, homogeneous, adherent and free from pits, blisters,
nodules and any other indications of harmful defects. The appearance
of a properly applied plate may vary from a dull gray to a frosty
white. A bright, dense deposit indicates malfunction of the process
which may produce embrittled parts (see MIL-S8-5002).

4.4 Embrittlement. Qualification test specimens and process cuntrol
teat specimens shall be subjected to a sustained load test at 75
percent of the ultimate notched tensile strength. The specimens shall
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‘endure this sustained load for 200 hours minimum without failing df'
e¢racking. R -t S - . T

4.5 Reprocessing. Parts rejeoted for defective plating, requiring’

stripping and replating, shall-include all of the preplating steps of

g?is standard. Parts shall be stripped in accordance with MIL-STD-
1. ) . ’

v

5. DETAILED STATEMENTS OF REQUIREMENTS

5.1 Prior to plating. Prior to plating, all machining, forming,
velding, and shot peening shall be comp:.eted.

5.1.1 Baking. Parts shall be baked for stress relief before plating
for four hours minimum at 190.5 + 13.9 degrees C (375 + 25 degrees
F). Shot peening, when required, shall be performed before plating
and after stress relieving. | .

5.1.2 Plating sequence. If chromium and cadmium are used in combina-
tion, the chromium shall be deposited first. When chrome plating is
to be followed by cadmium plating the 23 hour minimum bake period can
be replaced by a four hour bake period at 190.5 + 13.9 degrees C (375
+ 25 degrees F) provided -the part is baked for 23 hours minimum after
completion of the cadmium plating.

5.1.,3 Storage of parts. Storage of parts -between stress relief and
cleaning shall be controlléd to prevent obhtact with water or other
corrosive materials. Parts shall be stored to permit free circulation
of air around the parts.

5.1.4 Handling of parta: After the parta have been cleaned, they
shall bé handled in such a manner {white golves, etc) that will assure
a minimum of. contamination.,

5.1.5 Masking. Sections or areas of a part that are not to be plated
shall be masked off. Plug and masking materials which do not contami-
nate the plating bath shall be used. Masking should be performed at
the moat ¢onvenlent atep prior to plating.

5.1.6 Racking. Sufficient contagt area and pressure shall be pro-
vided to carry the current without overheating. Racking should be
performed at the most convenient step prior to plating.

5.2 Plating procedure. The cadmium plating procedure shall be as
described below:

5.2.1 Step Number 1. Parts shall be vapor degreased. - No minimum
elapsed time requirement shall apply between this operation and the
cleaning operation of 5,2.2.

§.,2.2 Step Number 2. All parts shall be cleaned by dry blasting
using 80-180 grit aluminum oxide (Al 0 ), silicon dioxide (810 ) or

: 23 2
garnet per MIL-S$TD-1504. Elapsed time between completion of cleaning

4
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and Step Number 3 shall not exceed sixty minutes.

5.2.3 Step Number 3. Rinse parts in cold water. 'A cyanide holding
tank can be used to hold parts if the plating tank is full.

5.2.4 Step+ Number 4, Cadmium plate at 5.4 to 7.5 amperes/sq
decimeters (50 to 70 amperes/sq feet) in the following solution:

a. Cadmium metal 21-24 g/L (2.8 - 3.2 oz/gal)

_b. Total cyanide 90-135 g/L (12 - 18 oz/gal)

¢.- Sodium hydroxide 11.25-30 g/L (1.5 - 4 oz/gal)

d. Sodium carbonate 0-37.5 g/L (0 -'5 oz/gal)

e. -Ratio NaCN/Cd 14/1 to 6/1

f. Temperature 15.5-26.6 degrees C (60 - 80 degrees F)

£. Total permissible iron 300 barts/mil&ion '
5.2.5 Step Number 5. Rinse'parts'in cold water.

5.2.6 Step Number 6. Rinse parts in hot water and blow dry with
compressed air. Elapsed time between completion of plating and start
of baking, Step Number 7, shall not exceed four hours.

a\rv

5. Step Number 7. Bake all parts heat-tre
( y

&
80 000 psi):for twenty-three hours minimum
C (375 + 25 degrees F).

NOTE: Refer to 5.3.1, 5.3.2 and 5.3.3 if
required., If post plating -treatment is n

5.3 Poat Plate Treatment.

5.3.1 Types of plating. Refer to applicable directlves for type of
plating. If the type of plating is not specitled. the part shall be
given the Type II treatment. .

Type I - Nos post plate treatment required (see 5.4).
Type II - (see 5.3.2)
Type III - (see 5.3.3)

5.3.2 Type II.

a. Immerse in the Type II chromating solution (Iridite No 8P or
equivalent) for fifteen to thirty seconds.

b. Rinse thoroughly in tap water. An additional rinse in warm
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zatir [60 degrees C Maximum (140 degrees F)] may be used to facllitate
rying. )
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5.3.3 Iype III.

a, Immerse parts in Type III (QQ-P-416) phosphating solution for
fifteen to thirty seconds.

b. Rinse thoroughly in tap water, An additional rinse in wamm

gatir {60 degrees C Maximum (140 degrees F)J] may be used to facilitate
rying.

c. See 5.4.

5.4 Inspection. Inspection shall be in accordance with the

production <ontrol 'inspectlon and tests in QQ-P-416 and this
atandard,

5.5 Process conbtrols. Solutions and equipment used in the plating
process shall be cheoked periodically and maintained in accordance.
with the requirements of this process standard.

5.6 Qualification -embrittlement test. The proeessor shall demon-
atrate his ability to provide cadmium plate which meets the require-
ments of 4.4 of this standard’ as follows:

. Four round notched 4340 steel specimens from four separate

9 9
heats, heat- treated to a tensile strength of 1.79 x 10 to 1.03 x 10
Pa (260,000 to 280,000 psi) shall be prepared. The configuration
shall be in aocordance with Figure 8 of.  ASTM Standard E8 for round
specimens. Specimens shall have a 60 degree V-notch located approxi-
mately at the center of the gauge length. The cross section area at
the root of the V-notch shall bhe approximately equal to half the area
of the full oross section area of the specimens reduced -section. The
V-notch shall have a 0.254 + 0.0127 mm (0.010 + 0.0005 inch) radius of
curvature at the base of the notch,

b. During plating the specimens shall be mounted symmetrically on a
rack by themselves. All areas of the rack except the contact area
shall be coated with a suitable maskant. An ammeter having a sensiti-
vity of 0.5 amperes or better shall be .onnected between the spegim@ﬁ

rack and the cathode. The specimens shall be plated at 5.4 Asdam (50
2

ampere/ft ) to a thickness of .20mm (0.0008 inch). The apecimens

shall be baked for twenty-~three hours at 190.5 % 13.9 degrees C (375 %

25 degrees F) within four hours of removal from the bath.

¢. The specimens will be subjeoted to 200 hours of statie loading
at 75 percent of the ultimate notched tensile strength. The test
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shall be considered passed if all four specimens meet the requirements
of h.4.

d. Upon successful completion of the static load test, one of the
notched tensile specimens shall be sectioned across the notch parallel
to the axis of the specimen. Photomiercgraphs shall be taken of the
notched area and examined for complete coverage of the notch with
plating (use 80-100X magnification).

e. A complete analysis report of the plating bath shall be
submitted to the procuring activity with the qualification tests.

5.7 Process control embrittlement acceptance test. The process

control embrittlement acceptance test shall be one of the rollowing
two methods.

5.7T.1- Method I, hydrogen detection instrument testing.

a. Hydrogen detection instrument testiﬁg'shallnbe performed within
the processor's facllity by a certified operator according to the
instrument manufacturer's instructions.

b. Hydrogen detection inatrument testing shall be conducted at
least twice weekly.

5.7.2 Method II, notched tensile tests.

a. Two standard spsacimens of the type noted in 5. 6 shall be

processed in conjunction with the plating of items. The specimens
shall be subjected to.a - sustained load test of 75 percent of the
ultimate -notched tensile strength of the material for 200 hours
minimum and shall meet the requirements of 4.4. PFailure of any one of
the specimensa shall constitute failure of the test and productlion

T R A O whe W R W P f=v 8 L] = aats TR AS BN Ll g

shall cease until the cause of fallure 1s determined and the bath 1s
requalified. Acceptance of items completed after the last
successfully completed acceptance test shall be withheld until the
extent and cause of failure have been determined.

b. The test for émbrittlement shall be conducted as often as deemea
necessary with a maximum interval of every thirty (30) calendar days.
If the embrittlement test has not been performed in the thirty days
proceeding the processing of a material bateh the Bath must be

TE2AE A daa o } 2 1 [+
requalified in accordance with 5.6.

6. NOTES

6.1 Safety and health., This document speciriea the use of certaln
materials wnich have been listed in Subpart Z, 2% CFR:-1910 {OSHA
Standards) as "Toxic and Hazardous Substances", Personnel exposure to-
these materials during this process must be limited to the values

specified in applicable portions of OSHA Standard 1910.1000.

Custodian: ) Preparing activity:
Air Forece - 99 , Air Force - 70
7 (Project MPFP-F370)
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