LT

AFRI

THE AIR FORCE RESEARCH LABORATORY
LEAD | DISCOVER | DEVELOP | DELIVER ¢

Coating System
Specification Approach
to Non-Chromium Coatings

DIANE BUHRMASTER, SENIOR MATERIALS ENGINEER
MATERIALS AND MANUFACTURING DIRECTORATE
OCTOBER 2019

Distribution A: Approved for public release: Distribution Unlimited. 88ABW-2019-4680, 25 Sep 2019



AFRL

Outline

 BLUF: Hexavalent Chromium Issue

Hierarchy of Controls

Non-Cr Coatings Are...

Salt Spray Conundrum
Path Forward
¢ Summary

THE AIR FORCE RESEARCH LABORATORY
Distribution A: Approved for public release: Distribution Unlimited. 88ABW-2019-4680, 25 Sep 2019



AFRL

Bottom Line Up-Front: The Hexavalent Chromium Issue
Coatings systems contain hexavalent chromium (Cr¢*)
Standard Polyurethane Topcoat

Hexavalent Chromium Pigmented Epoxy Primer

Cré* is highly
carcinogenic Aerospace Aluminum Substrate

Old Way of Looking At Coatings
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Effective Hierarchy of Controls
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from the hazard
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Technology Development: Non-Chromium Coatings

BaCrO,

=

Standard Polyurethane Topcoat

Non-Chromium Pigmented Epoxy Primer

Aerospace Aluminum Substrate

THE AIR FORCE RESEARCH LABORATORY
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New Way of Looking At Coatings

2+
Mg™ |+ AF* s
Baso, Y
ZrO
PrsO,,

Replacement
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Military Specifications - Aircraft

Mix & Match

NOT MEASUREMENT

Standard
Polyurethane Topcoat

AME]

2 Febrary

MIL-PRF-85285

PERFORMANCE SPECIFICATION

COATING: POLYURETHANE, AIRCRAFT AND SUFPORT EQUIFMENT

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 polyurethane coating with a
i volatile organic conyp 1 (V) and volanile organie hazardous air

pollutants (VOHAPs). The coating is furished in kit form.

MIL-PRF-23377 vamoue:

2007

Class C: Hexavalent Chromium Tress it
Pigmented Epoxy Primer PRIMER COATINGS: EPOXY, HIGHSOLIDS

This specification is approved for nse by all Departments and Agencies of the Department
of Defense

Class N: Engineering Approval Only, | =~
Tested over cr Pretreatments 1.1 Scope. This iff covers the i for corrosion inhibiting. chemical

and solvent resistant, solvent-bome, high-solids epoxy primer coatings that have a maximumn
volatile organic compound (VOC) content of 340 grams per liter (/L)Y 2.8 pounds per gallon
[I/gal]} as supplied by the manufacorer. MIL-DTL-81 7068
AMENDMENT |
2 2006
SUPERSEDING
MIL-DTL-81706 :u-orisiwes

25 October 2004

DETAIL SPECIFICATION

CHEMICAL CONVERSION MATERIALS
FOR COATING ALUMINUM AND ALUMINUM ALLOYS

This specification is approved for nse by all Departments and Agencies of the Department
of Defense.

1. SCOFE

1.1 Scope. This specification covers chemical conversion materials used in the formation
of coatings by the reaction of the materal with the surfaces of aluminum and alominum alloys.

THE AIR FORCE RESEARCH LABORATORY
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Key Materials Properties — Previous DoD Approach

Mix & Match Standard

Polyurethane Topcoat

Class C: Hexavalent Chromium

Pigmented Epoxy Primer Ultraviolet Light Aircraft Fluids
Class N: Engineering Approval Onl
8 8PP ¥ Adhesion Flexibility Soiling
Adhesion Tested over Cr Pretreatments
. . . Humidity Solvents
@sion Resistance Adhesion Aircraft Fluids Solvents

\ % @snon Rem@ Flexibility
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Key Materials Properties — AFRL Approach

Paired Standard
Hexavalent Chromium Free Primer Polyurethane Topcoat
. Ultraviolet Light Aircraft Fluids
Adhesion Adhesion Aircraft Fluids Solvents
. . . Adhesion Flexibility Soiling
Corrosion Resistance Corrosion Resistance Flexibility
Humidity Solvents
2
Pr,O,, ZrO Al Mg2* i
HsC™\_o0 0- "CHs Y- Cr3+ AkzoNobel
zr Aluminum Rich Primer
HiC—""0 O7\_CH, Effective as a System
Zirconium N-propoxide Not Mix & Match Pr6011 Y+/_ BaSO4
Henkel Bonderite 5200 Hentzen
PPG (Deft)
OCHg
HiCO-Si—_~
OCHs g

Glycidyl 3-(trimethoxysilyl)propyl ether
3M AC-131
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The “Salt Spray” Conundrum

Corrosion Resistance

336 hours

TNCH-POUND

MIL-DTL-81 7068
w/AMENDMENT |

2 May 2006
MIL-DTL-81706 :reeseone
25 October 2004
DETAIL SPECIFICATION

CHEMICAL CONVERSION MATERIALS
FOR COATING ALUMINUM AND ALUMINUM ALLOYS

This i is apy for nse by all Depart and Agencies of the Department
of Defense.

1. SCOFE

1.1 Scope. This specification covers chemical conversion materials used in the formation
of coatings by the reaction of the matenial with the surfaces of alumimm and alusimum alloys.

Pretreatment only

THE AIR FORCE RESEARCH LABORATORY

Class C: Hexavalent Chromium
Pigmented Epoxy Primer

Class N: Engineering Approval Only,
Tested over Cr Pretreatments

Corrosion Resistance

2000 hours

NOT MEA: K!-Z\]! NT

SUP

MIL-PRF-23377 ;\ﬂf;ﬁgw;\’.r

PERFORMANCE SPECTFICATION

PRIMER COATINGS: EPOXY, HIGH-SOLIDS

This i 1o 15 apy d for nse by all Dy and Agencies of the Department
of Defense
1. SCOPE

1.1 Scope. Tlm i won covers the i for 1on inhibiting. chemical
and solvent resistant, solvent-bome, high-solids epoxy priner coatings that have a maxamy

compouud (VOC) content of 340 grams per liter (2/L)2.8 pounds per gallou
[I/gal]} as supplied by the manufacmrer.

With and Without Topcoat
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The “Salt Spray” Conundrum

Corrosion Resistance

336 hours

Chromium Free Primer

Corrosion Resistance

2000 hours

Exposure Cabinet

INCH-POUND

MIL-DTL-81706B
W/ AMENDMENT |
:

2 May 2006
MIL-DTL-81706 :reeseone
25 October 2004
DETAIL SPECIFICATION

CHEMICAL CONVERSION MATERIALS
FOR COATING ALUMINUM AND ALUMINUM ALLOYS

This ification is apy for use by all Dy and Agencies of the Department
of Defense,

1. SCOPE

1.1 Scope. This specification covers chemical ion materials used in the formation
of coatings by the reaction of the material with the surfaces of aluminum and aluminum alloys.

Pretreatment only

THE AIR FORCE RESEARCH LABORATORY

NOT MEASUREMENT
SENSITIVE

MIL-PRF-23377TK

T Jupe 2002

SUPERSEDING

MIL-PRF-23377 w2
W/AMENDMENT 2
10 April 2007
PERFORMANCE SPECIFICATION

PRIMER COATINGS: EPOXY. HIGH-SOLIDS

This ification is apy; for use by all Dy and Agencies of the Department
of Defense.
1. SCOPE

1.1 Scope. This ification covers the i for son inhibiting. chemical
and solvent resistant, solvent-bome, high-solids epoxy priner coatings that have a maximun

volatile organic compound (VOC) content of 340 grams per liter (2/LY2.8 pounds per gallon
[Ib/'zal]) as supplied by the manufacnurer.

With and Without Topcoat

“Passed” Outdoor
Exposure Testing
“Failed”
FRERERN]
T
FENNERK
LLLL !._l
FRRRR RSN R RN e

B Outdoor Exposure Testing
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The “Salt Spray” Conundrm

-

5>
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Corrosion Mechanism in Salt Spray Cabinet Testing

Corrosion Mechanism in Outdoor Exposure Testing

THE AIR FORCE RESEARCH LABORATORY
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The “Salt Spray” Conundrum

Long-term aging
Accelerated aging of an egg @ 80°F

should not change
the target aging
mechanism!

Accelerated
aging @ 100°F

Accelerated

agin 212°F
Slide courtesy Dr. Greg Schoeppner gIng @

AFLCMC/EZFS.
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Path Forward to Non-Chromium Coatings

Non-Cr = Elements that are not Cr

Standard Polyurethane Topcoat

Non-Chromium Pigmented Epoxy Primer

Aerospace Aluminum Substrate

New Way of Looking At Coatings

2+ +

Mg™ |+ AP o
Baso, Y
ZrO

PrsO,;

% Replacement

=

Military System Specification with Outdoor
Exposure Testing

Corrosion Community Seeking Improvements
to Corrosion Resistance Performance

Prediction

THE AIR FORCE RESEARCH LABORATORY
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Path Forward to Non-Chromium Coatings
NewTechnoIogy]+ Qualification |+| Authorization| = Transition

r

INCH-POUND

MIL-PRF-322398
20 APR 2019

MIL-PRF-32239 =%

10CT 2014

DEPARTMENT OF THE AIR FORCE AC-18-03
Headquarters Air Force Life Cyele Management Center (AFMC) 19 NOV 2018
Engineering Directorate

Wright-Patterson AFB OH 45433-7101

Non-Cr =
Elements that are not Cr

PERFORMANCE SPECIFICATION

AIRWORTHINESS CIRCULAR
Non-Chromium Coating Systems for Aireraft Outer Moldlines

SYSTEM, D PERF

FOR AEROSPACE APPLICATIONS
This specfication &5 approvid for use by all Depatments and Agencies of the Deparmant of
Dafors.

1. PURPOSE:

Mg |+ AR

1. SCOPE
cr3+ I Thus Anworthiness Circular (AC) provides information about the use of non-chrominm (non-
This spac| DEPARTMENT OF THE AIR FORCE Cr) coating systems on aircraft outer moldlines
i AlR FORCE RESEARCH LABORATORY
IES allrcm; . WRIGHT-PATTERSON AIR FORCE BASE OHIO
ratmer i SC .
Y+/_ o 2. _(OPE_, ) )
Ba 504 This AC is applicable to all USAF air systems, including those operated by the Air National

12 Ag
Conting

27 e 2008

Guard and USAF Reserve.

QPL-32239

3 EMXOMEDER

ATTENTION, MK WAYNE PATTERSON
S0 H. Avenue. Bldg 14

Al AFE LT 3005

I

ZrO

FROM: AFRLRXT
2077 Hebum Way
-

PrsO,;

Goal is Cr
Replacement

Standard Polyurethane Topcoat

Non-Chromium Pigmented Epoxy Primer

6 Systems Aerospace Aluminum Substrate
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Summary

 BLUF: Hexavalent Chromium Issue ---- Well Understood
 Hierarchy of Controls ---- Replacement

* Non-Cr Coatings Are ---- Everything that isn’t Cr
« Salt Spray Conundrum ---- Acceleration does not always give the right answer

« Path Forward ---- Military System Specification
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