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Introduction Performance Criteria Technical Progress — FY18 (CRADA) Paint Adhesion eTCP Anodized Aluminum Seal

e Current primer undercoats for aluminum alloys contain hexavalent e Testing eTCP at FRCSE, April 2018 e Passing paint adhesion on eTCP-Blue = TESTREPORT e Type Il and Type IIB anodized aluminum sealed with eTCP-Violet
chromium, a known carcinogen and environmental pollutant e« Objective —setup 10 gallon pilot line with eTCP-Violet per MIL-DTL-81706B and FED-STD-141D ! T ™ G * Passes MIL-A-8625F requirements of 336 hours

9820 6ih Street, Rancho Cucamonga, CA 81730

e Alternative trivalent chromium undercoats do not provide the obvious color e , e Generate salt fog panels via external testing at Atlas Testing e Passing paint adhesion on eTCP-Violet as an anodized seal per MIL-A-8625F
. i i Corrosion Resistance Salt Fog, Atmospheric ASTM B117 Compare to TCP/HCP Pass .
Change seen with hexavalent chromium (Sllver to gOId) Electrochemical EIS, Rp, Tafel Corrdesa Best Practices Compare to TCP/HCP TBD * Beach exposure testing of primed panels Laboratories o s 4 S — and FED-STD-141D

CERTIFIED REPORT OF ADHESION (WET) TAPE TEST

e This leads to difficulty identitying the presence of coatings for quality control Adhesion Tape Adhesion e —— Compare to TCR/HCP oace T ‘.
purposes (silver to iridescent green/blue) Coating Weight MIL-DTL-81706 MIL-DTL-81706 MIL-DTL-81706 QPL Pass ' T

e New enhanced trivalent chromium pretreatment coating (eTCP) provides Color Change Colorimeter Quantitative AE>2.3,IND Pass

TWO (2) PANELS, IDENTIFIED AS ABOVE, WERE PAINTED TO A THICKNESS OF 0.0008-0.0009"; WITH YELLOW
EPOXY POLYAMIDE PRIMER PER MIL-PRF-23377K TYPE | CLASS C2; MFG. PRODUCT# AD8318-FD/AD2298-FD;
MFG: HENTZEN: BATCH# 105724/105502 EXP. DATE: 08/31/19; TES AND EXAMINED AS PRESCRIBED BY THE
APPLICABLE SPECIFICATIONS WITH THE FOLLOWING RESULTS:

obvious color changes (silver to blue or purple) along with excellent corrosion Appearance Visual Examination Uniform/Defect Free MIL-DTL-81706 Pass e S
resistance, low electrical resistance, and paint adhesion s R A A Type I Type 1B
eTCP-Violet eTCP-Violet
SAMPLES, AS TESTED, CONFORM TO SPECIFICATION REQUIREMENTS FOR PAINT ADHESION (WET) TAPE. Sed I e d Seéd I e d

What is conversion coating? Project Overview - Roadblocks

Initial formulation

Respectfully submitted,

e Undercoating and base for primer

/ﬁuﬁﬁ Pereira, Environmental Lab Supervisor

 Improves corrosion resistance and primer adhesion e Heavy precipitation
e |ridescent, golden finish (hexavalent chromium materials) e Poor corrosion resistance T e ARG T
Radear’
e Uneven color change el ol

HCP

Legacy Aerospace Coating System Next Gen Navy Aerospace Coating System* ° I—aCk Of un ”CO rm CO|OF
e Dye retention

e o) / e Transfer of dye after wiping )
S / Non-Chromated primer ‘ e Paint adhesion risk Technical Progress — FY18 (CRADA) |
|

Low Electrical Resistance (LER) results [In Progress] Conclusions

[ e Beach exposure testing at NASA KSC L B i.m \ TR e Average before salt spray for eTCP-Blue = 522.5 + 3.5 uQ/in? e Enhanced TCP (eTCP) provides superior corrosion resistance (>1000hr)
Aluminum Alloy Aluminum Alloy e eTCP-Violet treated AA2024 primed with ¥ ' e Average before salt spray for eTCP-Violet = 525.0 £ 2.1 pQ/in? and paint adhesion
*All coatings are NESDI funded projects | MIL-PRF-85582 waterborne primer, Type |, Class C1 o .~ e MIL-DTL-5541F and MIL-DTL-81706B specify <5,000 puQ/in? e Obvious visual color changes are seen on various aluminum alloys (esp.
_— .. ; e Testing initiated 4/12/18 L e Two orders of magnitude below specification limit 6061 and 1100) using the eTCP-Violet and eTCP-Blue
e No damage or corrosion after 4 months * Wide application as a conversion coating on various light metals
e

Conversion Coat (Cr¢*) o
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y ] SP PO# AK14563 DATE REC: 07/27/18 DATE COMP:
i . . | PO# AK14563 DATE REC: 07/27/18 DATE COMP: ATL# 875359
Beach Corrosion Test Site, April 2018 Orienti Is at beach si ATLE B75350 o o
’ rienting test panels at beach site | CLIENT: CHEMEON SURFACE TECHNOLOGY SPECIFICATIONS:
CLIENT: CHEMEON SURFACE TECHNOLOGY SPECIFICATIONS: .8 TRE e e e
. ATTN: SION WESTRE CUSTOMER REQUIREMENTS
\t L . 2241 PARK PLACE SUITE B MIL-DTL-5541F TY. | CL. 3 MINDEN. NY 89423 MIL-C-5541E TY. |. CL. 3
1‘\ £ g Y MINDEN, NY 89423 MIL-C-5541E TY. |, CL. 3 ' MIL-DTL-81706B AM. 1
e & o . & ] ity . . . MIL-DTL-81706B AM. 1 NADCAP TABLE 1 ASTM-B-117-16
Cﬁ- 1 - A S Precipitati Measuring coating Test panel evaluation NADCAP TABLE 1 ASTHB-117-16 ° S I tl t : ]ct
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uniformity

3-02 5 3 UNEXPOSED & EXPOSED LOW ELECTRICAL RESISTANCE

CERTIFIED REPORT OF LOW ELECTRICAL RESISTANCE TESTS ® PO St t re a t m e n t fo r C a d m i u m

UNEXPOSED LOW ELECTRICAL REISISTANCE TEST PERFORMED: 07/28/18

e Post treatment for Zinc Nickel

2-02 5 4 UNEXPOSED & EXPOSED LOW ELECTRICAL RESISTANCE

F/A-18 wheel-half undergoing chromate conversion coating at FRCSE

CERTIFIED REPORT OF LOW ELECTRICAL RESISTANCE TESTS

UNEXPOSED LOW ELECTRICAL REISISTANCE TEST PERFORMED: 07/28/18

PANEL ID:# No.1 No.2 No.3 No.4 No.5 PANEL ID:#

524 520 528 531 523 531 518 521 527 518
MICROHMS 518 516 523 526 532 MICROHMS 520 524 519 533 527 MAXIMUM
INDIVIDUAL 523 512 519 520 518 REgtﬁI:;;ws INDIVIDUAL 519 520 514 528 533 REQUIREMENTS 1
L R == e Post treatment for Class uminum
INCH? AT 200 PSI 526 523 526 523 521 INCH? AT 200 PSI 534 526 523 518 515
LOAD 520 520 523 527 514 LOAD L — - g8 o

519 524 530 532 519 536 530 526 522 532

MMMMMMMM e e P e e e Conversion coating on other light metals

TOTAL AVERAGE 518 520 524 524 530 TOTAL AVERAGE 533 526 530 526 519

Background Technical Progress — FY18 (CRADA)

. C h rO m ate P ret re at m e n t S ‘ Re - eva I u a te TC P a n d d e S | IH::'; . fl‘l.' : - I. = i - “ o - EXPOSED LOW ELECTRICAL RESISTANCE PERFORMED: EXPOSED LOW ELECTRICAL RESISTANCE PERFORMED: ‘ IVI a g n e S i u m ) Z i n C
HC P B a r e ppppppp # No.1 No.2 No.3 No.4 No.5 PANEL ID:# No.1 No.2 No.3 No.4 No.5 .
e |ndustry standard for over 50 years (Cr®) e 30 new dyes tested in laboratory N v o — e Steel galvanize quench

e Utilize hexavalent chromium, Cr®, a carcinogen e 15 produced perceptible color Color Cha nges
° . — 3 = o . . . . pELRA;:Ea:?GE 10,000p0/INCH’ TO?EFR%EE?GE 10,000p0/INCH’ ; .
rldescent gOIden COlor Cha nge €d>E Of InspeCUon (Poor Color Cha nge) 2 prOd uced accepta ble SeUOEIeI reSISta flCls ® CI E L*a * b* COIOr Space d@ﬁ neS V|Sua| COIOr SAMPLES, AS TESTED, TO SPECIFICATION REQUIREMENTS FOR LOW ELECTRICAL RESISTANCE. SAMPLES, AS TESTED, TO SPECIFICATION REQUIREMENTS FOR LOW ELECTRICAL RESISTANGE. Fi

ATE# 608/6126 Respectfully submitted,

e | =lightness (white vs. black) Jm—" T

P " Alexander Pereird, Corrosion Technician

e Trivalent Chromium Pretreatment
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e V e O p e y a S a . O r a g r e e I I ) r e C O I I I p O I I e I l ATLAS TESTING SUBMITS THIS REPORT AS THE CONFIDENTIAL PROPERTY OF OUR CLIENT. REPRODUCTION IS AUTHORIZED, BUT ONLY IF IN FULL. THE ATLAS TESTING SUBMITS THIS REPORT AS THE CONFIDENTIAL PROPERTY OF OUR CLIENT. REPRODUCTION IS AUTHORIZED, BUT ONLY IF IN FULL. THE I d r I I e d
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e b =Dblue (-),yellow(+) component R ardan R
e Measurements performed with X-Rite Ci6X hand-held spectrophotometer -
e CIE76 formula to calculate AE

° AE = \/(L*Z—L*l)2+(a*2—a*1)2+(b*2—b*1)2

e AE > 2.3isanoticeable, detectable difference in color at least 2 of the time
e Color change with eTCP compared to bare metal

e (Qualified to military specifications
e Minimal color change (AE) = implementation barrier

Certification #3052 176539, exp. 01/31/2020

e Enhanced Trivalent Chromium Pretreatment (eTCP)
e Addition of dye to trivalent ch--romium pretreatment chemistry
e Perceptible color change after treatment, AE > 2.3
e Reduces implementation barrier

Salt Fog Corrosion Contact

www.chemeon.com | info@chemeon.com | 775.782.8324
TEST REPORT TEST REPORT Dr. Sjon Westre, VP Technology | swestre@chemeon.com
A e ORI ING ATLAS TESTING LABORATORIES, INC. Dr. Catherine Munson, Research Chemist | cmunson@chemeon.com

® ® o 9820 6th Street, Rancho Cucamonga, CA 91730 900 873130 FAX 9053734132 9820 6th Street, Rancho Cucamonga, CA 91730 909-373-4130 FAX 908-373-4132
Enhanced Trivalent Chromium Pretreatment Technical Progress — FY18 (CRADA) 4 s o s o,
CLIENT: CHEMESDg SUR%QETECHNDLOGY SPECIFICATIONS: CLIENT: CHEMEON SURFACE TECHNOLOGY SPECIFICATIONS:
. - ATTN: SION WESTRE CUSTOMER REQUIREMENTS ATTN: SJION WESTRE CUSTOMER REQUIREMENTS
e New formulation of eTCP 0<AE<1 unnoticeable difference —al o AL s
® TWO COlorS: blue and VIOlet nOtICEd by experlenCEd ITEM _ QTY CUSTITEM ~— DESCRIPTION — , . = EM___QTY CUSTIEM DESCRIPTION
TECh n ica I 0 bjECti ve . . . . 1 < A E < 2 O b Se rve r 101 5 1 SALT SPRAY TEST 1000 HOURS 3-01 5 3 SALT SPRAY TEST UNTIL FAILURE
e eTCP-Violet >1000hrs salt fog on AA2024 (ongoing external validation at Atlas , , cenrien sesor oF s seay T ceRniED st oF s spay T
DEVE'Op enhanced trivalent chromium formulations using nOtI Ced by u nexperlenced PROCESS: FIVE(S) PANELS 3" X 10" : PROCESS: FIVE (5) PANELS 3" X 10 .
SUBMITTED AS: CONVERSION ETCP-VIOLET ON 2024-T3 ALUMINUM; SUBMITTED AS: CHEMFILM, TCP-BLUE ON 2024-T3 BARE ALUMINUM;

Testing Facility)
e eTCP-Blue >1300hrs salt fog on AA2024 (externally validated at Atlas Testing

PANEL LABELED: ETCP-VIOLET,

commercially available (COTs) color additives
Optimize pretreatment parameters

2<AE<35 observer

FIVE (5) PANELS, IDENTIFIED AS ABOVE, WERE EXAMINED AS PRESCRIBED BY
THE APPLICABLE SPECIFICATIONS WITH THE FOLLOWING RESULTS:

FIVE (5) PANELS, IDENTIFIED AS ABOVE, WERE EXAMINED AS PRESCRIBED BY

Reduce/eliminate Cr®* at Fleet Readiness Centers (FRCs) y ' _ , F . | _ 3.5 <AE<S5S clea rIy noticeable EEEEE BEGANSALTSPRAYEXPOSURE: GHzznis  8:00AM
‘ ' ENDED SALT SPRAY EXPOSURE: oanoMs BDD A:M:
Testing at FRCSE and CHEMEON Surface Technologies, LLC aCl Ity) I ENDED SALTSPRAYEXFOBURE: 0a10ng  S00AM
: : 5 <AE two different colors CIOEDSATSPIAYEIPOSRE: | oaons 8o oosernons. e or oosne. &
EXPOSURE HOURS: 1000 ANGLE OF EXPOSURE: &°

336 HOUR EVALUATION: — NO VISIBLE CORROSION SPOTS OR PITS OBSERVED ON SIGNIFICANT EXPOSED SURFACES —

336 HOUR EVALUATION: — NO VISIBLE CORROSION SPOTS OR PITS OBSERVED ON SIGNIFICANT EXPOSED SURFACES — 1920 HOUR EVELUATION: — ACCEPTABLE VISIBLE CORROSION SPOTS OR PITS OBSERVED ON SIGNIFICANT EXPOSED SURFACES SURFACE TECHNDOLOGY
TWO PANELS DEVELOPED THREE (3) PITS EACH, ONE PANEL DEVELOPED TWO (2) PITS;

TWO PANELS DEVELOPED ONE (1) PIT EACH —

TCP Violet eTCP Blue
Navy Benefit Cost / Material Savings

NOTE: EVALUATE AT 336 HOURS FOR SIGNS OF CORROSION. AS OF 8/10/18 PANELS ARE STILL BEEN TESTED UNTIL FAILURE.

Lowers potent‘ial for quality escCapes th rough visual . $3 Min la bor/materia|5 for HM C|eaning at FRCs/year CERTIFYING TIME IN SﬁiliTjSPRAY Crl-rliAil\il?EIf 77 NOTE: EVALUATE AT 336 HOURS FOR SIGNS OF CORROSION, AS OF 08/10/18 PANELS ARE STILL BEEN TESTED UNTIL FAILURE.
Y, eriﬁc ation Of proper co atin g app lication o 12.000 eallons of Cr5+ solution at ERCs SAMPLES, AS TESTED, AT 336 HOURS CONFORM TO SPECIFICATION REQUIREMENTS FOR CORROSION RESISTANCE. CERTIFYING TIME IN SALT SPRAY CHAMBER

) o . . ’ g ., A I . AI . A I . Al . A I . AI . AI . SAMPLES, AS TESTED, AT 336 HOURS CONFORM TO SPECIFICATION REQUIREMENTS FOR CORROSION RESISTANCE.
Visual verification decreases turnaround time th rough o 22% of all Cr usage across all FRCs uminum uminum uminum uminum uminum uminum uminum ATE# 608 Respectfully submitted, SAMPLES, AS TESTED, AT 1920 HOURS CONFORM AND EXCEED SPECIFICATION REQUIREMENTS FOR CORROSION

. . . . . . . RESISTANCE.
g"mt'”,zt"t’” ‘;f rEve’rk d”“f :?proﬂfrioah“”gl application Alloy Alloy Alloy Alloy Alloy Alloy Alloy o— > ATES o00 N——

ontriputes 1o cnvironmental Security lecnnology Page 1 of 1 _ 54 Persira, Environmental Lab Supervisor
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Certlﬁcahon Program (ESTCP) hexavalent Ch romium 2024 T3 6061 T6 7075 T3 5052 5005 H34 3003 H 14 1100 H 14 Amswfsrwesuamrsr;fmnr#gxgﬂcq&memﬁmmwngiggnng’ussmmmf&mAumomwz:gknummfﬁ::wmmERECORmNGOF Page 3 of 3 o

ATLAS TESTING SUBMITS THIS REFORT AS THE CONFIDENTIAL PROPERTY OF OUR CLIENT. REFRODUCTION IS AUTHORIZED, BUT ONLY IF IN FULL. THE RECORDING O

. . . . .
migration (HM) reduction goal of 90% eTC P_BI ue 13.5 9.8 6. 1 13.0 7.3 7.9 8.8 FALSE, FICTITIOUS OR FRAUDULENT INFORMATION TO THIS REPORT MAY BE PUNISHABLE UNDER FEDERAL LAW.

Eliminates chemical of concern for AIR-1.6
acquisition/sustainment

eTCP-Violet | 15.2 24.7 10.1 6.9 9.8 8.2 26.5 Hadeap. afas a2 e oo e,
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