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Overview: Chromated Structural Adhesive Bond Primers 

• Nominally 5 microns thick 

• Prevent corrosion of base metal 

• Applied to porous anodized surface 

• Overcoated with non-inhibited epoxy adhesive 

• High adhesive bond strength required for life of product 

• Used in load bearing applications in flight-critical 

hardware 

•  Anodized surface / primer interface stability is critical 

• Typically 5% or less SrCrO4 by weight as sprayed  

Fan Case Internal Bonding 

Helicopter main rotor,  

blade pockets, swashplate 

Adhesive bond primer / anodize interface 

All-composite propellers 

Engine nacelles 

Aerostructures 
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Previous testing of chromate free adhesive bond primers 

 
Chromate inhibited Non chromate inhibited 

168 hours ASTM B117 •Three companies (3M, 

Cytec, Henkel) produce 

aerospace structural 

adhesive bond primers   

•Long-running surveillance 

of chromate-free alternatives 

by UTC companies shows 

weak corrosion inhibition  

• (A) strontium 

chromate- inhibited 

bond primer, 2024 Al, 

336 hours 

• (B) Cytec BR6700-1, 

2024 Al, 168 hours 

• Inhibition technology 

appears “low tech”: alkali 

silicate, zinc phosphate 
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EDX: Cytec BR6700-1 (As-rec’d)
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 CuK 0.24 4.00

 ZnK 0.21 3.50

Zn, P, 

Ca, and 

Si 

migrated

Cytec BR 6700-1 (post-test 
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Development timeline for UTC Chromate-Free Adhesive Bond Primer 
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1999 -2000: 
UTRC / P&W 
Development 
of Concept 

2001-2002 – 
UTRC / P&W 

Joint 
Program 
Solubility 

Regulation 

2006 UTRC 
Capability 

Project 7000-
series Al 

Performance 
Improvement 

2009-2014 
UTRC / 

P&W/ 3M 
Product 

Development 
and 

Qualification 
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ELEMENTS Molality Pressure

Ce                         1.000E+00   1.000E+00

Mo                         1.000E+00   1.000E+00

W                          1.000E+00   1.000E+00

Except multiple inhibitors? 

Cerous citrate complex 

regulates solubility of 

multiple inhibitors 

7705 Al / EcoTuff™

After corrosion test

Bright deposits: 

50 wt% W + Zn

mixed oxide

3M Commercial

EW5000AS(P)
3M Lab Batch

EW5000AS(L)

UTC EcoTuff® 

Inhibitor

EW5000ET 3M Alt 1 3M Alt 2

EC3917

chromated 

control
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Optimized for multiple alloys 
Extensive corrosion and 

mechanical property testing 

Specification for engine use (EW-5000ET), testing of 

developmental sol gel compatible primer  (EW-5005) 
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Corrosion Science Model used to Develop Non Chromate Inhibitor  

Corrosion involves at least two electrochemical 
reactions:Anodic (metal oxidation) and cathodic 

(i. e., oxygen reduction) 

!cathodic sites ~ 
0 2+ 2H20 + 4e-~ 40H- _j 

nodic sites: AI -7 AI3++Je-

' I 

I 

, " , ' ' ' ' \ 
I 

AI-Cu-Fe-Mn 

.... ~-- .............. 

AI 2024-T3 (AI- 4%Cu-1 . 5%Mg) 

' ' ' \ 
I 

Anodic~ Cathodic? 

/ A/20 3 passive film 

An efTective coJTO ion inhibitor J ten1 11111 t den1on trate both anodic and 
cathodic inhibition in order to efTectivel; prevent corro ion o_f A! a1loJ 

C Unltld Technolagles 
Research Center 



Thermochemical Strategy for Multimode Inhibitor 
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Solubility test set-up

Syringe for in-

situ sampling

manifold

Test 

flask
Water bath for 

temperature 

control

Thermocouple

Thermochemical identification

of inhibition system
Cerous citrate chelation

complex regulates solubility 
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Al                         1.000E+00   1.000E+00

Ce                         1.000E-02   1.000E+00

Mo                         1.000E-02   1.000E+00
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Ce2(MoO4)3

Target solubilities of separate corrosion inhibiter achieved



Electrokinetic Confirmation of Active Inhibition in Coatings 
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Schematic of defect production and samples for salt spray (a) and EIS test (b).

Al2023-T3

Conversion coating

Primer

Top view

(b)

WC tip
0.1-0.2 mm

Top view

(a)

WC tip
0.1-0.2 mm

Dynamic damage testing of trial primers Static DC Testing on Bare Al 
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Cathodic inhibition comparable to Cr 6+ 



3M / P&W / UTRC Corrosion Test Results PAA treated 2024-T3 Al 
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3M Commercial 

EW5000AS(P) 
3M Lab Batch 

EW5000AS(L) 

UTC EcoTuff®  

Inhibitor 

EW-5000ET 3M Alt 1 3M Alt 2 

EC3917 

chromated 

control 
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Back row (L to R): 
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