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ESTCP WP 200906 
Evaluate Commercially 

Available Pretreatments and 
Coatings for Steel Substrates 

1) Demonstration of 
Conversion Coatings 

for Armor Steel 

Stryker (ANAD)- 
Jim Swann/Patty 

Dodson 

MRAP (Camp 
Lejeune)- Daniel 

Cooper CWO5 (ret) 

2) Demonstration of 
Phosphate Sealers 

 

Anniston Army 
Depot – Patty 

Dodson 

3) Demonstration of 
Non-chromate primer 

and ZVOC Topcoat 

Cherry Point – 
Jacob Waller 

ESTCP WP 200906 Project 
Total of 3 Technology Areas Being Demonstrated 
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Overall Project Objectives 
Demonstrate and validate non-chromate, zero-voc coatings on Army and 
Navy systems and recommend for implementation proven alternatives at 
military and OEM facilities: 

1. Pretreatments for armor steel for more robust paint systems 
2. Eliminate chromic acid rinses in zinc phosphate operations 
3. Expand the use of zero-voc topcoats on ground support equipment 

ESTCP WP 200906 Project 
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 Chromic Acid Usage at Anniston 
Army Depot 

 
8oz (1/2 pound) per 100 gallons. 
Total chromic acid is 6862 lbs issued in 
2011 
  
1 pound = 200 gallons of solution 
6862 pounds x 200 gallons  = 1,372,400 
gallons of solution annually  
 

Background 

Objective: Eliminate chromic acid rinses in zinc phosphate operations 
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Test Methodology 

MIL-DTL-16232: Zinc Phosphate 

 Baseline Sealer: 
•Chromic acid rinse  
•(1 pound = 200 gallons of solution) 

 “Drop in” Replacement Candidates:  

PPG Chemseal 100 
•  Non-chrome post-rinse with an inorganic hexafluorometalate component and an 
organic resin component.   

•  Makes the phosphate layer less susceptible to alkaline dissolution and  promotes 
adhesion. 

SurTec 580 ChromiPhos 
•Trivalent chrome passivation for phosphating 
• Forms protective layer of metal, complex oxides and hydroxides on exposed 
surface 

 Tested under three paint systems: 
•MIL-DTL-53022/ MIL-DTL-53039 
•MIL-DTL-53022/MIL-DTL-64159 
•MIL-DTL-23377/MIL-PRF-85285 ZVOC 
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Substrates: 
• Low Carbon Steel A366 (Milled Finish)  
• High Hard Armor MIL-A-46100 (Abrasive Blasted) 

•Charpys 
•  All pretreatments applied by manufacturer 
 

Adhesion Test: 
• Pull-Off Adhesion – ASTM D 4541 
• Wet Adhesion – ASTM D 3359 Method A 
 

Corrosion Tests: 
• Neutral Salt Fog – B117  
• Cyclic Corrosion – GM9540P 
• Outdoor Exposure (Cape Canaveral) 
 

Chip Resistance: 
• Gravelometer – SAE-J400 
 

Stress Corrosion Cracking: 
• Rising Step Load – ASTM F 1624-95 

Accelerated Corrosion 
Chamber 

Rising Step 
Load 

Paint  Adhesion 

Test Methodology 
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Performance Objective Data Requirements Success Criteria 

Adhesion Test ASTM-4541   Pull-off Adhesion 
ASTM- D3359  Dry Adhesion 

Minimum average 30 events rating of  
1200 PSI  on 1.5 mil profile surface 
Adhesion rating (steel) > 4B; adhesion 
rating 

  ASTM- D3359  Wet Adhesion Scribed area rating (steel) ≥ 3A after 24 
hours at ambient; 

Chip Resistance SAE-J400 NLT 5B  
      

Accelerated corrosion ASTM-B117 Salt Fog After 500 hours of exposure: steel 
substrate rating ≥6 scribed 

  GM-9540P Cyclic Corrosion  
ASTM D 1654 After 60 cycles: steel substrate rating ≥ 4  

Outdoor Exposure 
Tropical climate exposure at Kennedy 
Space Center Outdoor Site. 
ASTM D 1654 
ASTM G50 

Three years of exposure: 
Equivalent or less average creepage from 
scribe than current corrosion protection 
system 

    
Processing time TT-C-490 Equivalent or less than existing process 

      
Field Testing SSPC-VIS-2 (more details in section 5.0) Equivalent or less than existing process 

      

Hydrogen Embrittlement  ASTM F 1624-09 
ASTM E 399-97 

No detrimental effect to K1c of substrate. 
High Hard K1c @ 48-51Rc shall maintain 
K1eac ≥ 19 (ksi√in) 

Quantitative Performance Objectives 

Test Methodology 
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ASTM D 4541 results for zinc 
phosphated steel panels 

• Pull off values for all considered artificially low on 
CARC Beaded versions. 

• Suspected glue/bead interaction 

Laboratory Validation Results 
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ASTM D 4541 Pull-Off Adhesion for LCS 
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ASTM D 4541 Pull-Off Adhesion for HHA 
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Wet tape adhesion results for 
pretreated steel panels 

• Ratings per ASTM D 3359 
• 24 hour immersion in DI water 

Laboratory Validation Results 
Wet Tape Adhesion Ratings on LCS 

Cross-hatch tape pull  
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Wet Tape Adhesion Ratings on HHA 
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• Phosphated low carbon steel panels  
• Coatings system 53022/53039 CARC 

system 
• ASTM-B117 results over 1000 hours 

of exposure 
• Rated  using ASTM D1654 

Laboratory Validation Results 

Dip Zn Phos/Cr6+ Spray Zn Phos/SurTec580 Spray Zn Phos/PPG 
Chemseal 100
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B117 Results on LCS over 1000 hours

Abrasive Blast only

Dip Zn Phos + Cr6+

Spray Zn Phos + SurTec 580

Spray Zn Phos + CS100
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• Phosphated HHA steel panels  
• Coatings system 53022/53039 CARC 

system 
• ASTM-B117 results over 1000 hours 

of exposure 
• Rated  using ASTM D1654 

Laboratory Validation Results 

Dip Zn Phos/Cr6+ Spray Zn Phos/SurTec580 Spray Zn Phos/PPG 
Chemseal 100
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Dip Zn Phos/Cr6+ Spray Zn Phos/SurTec580 Spray Zn Phos/PPG 
Chemseal 100

Good                                                          Bad

Laboratory Validation Results 

10 20 40 60 80
1 8 7 4 2 0
2 8 7 4 2 0
3 8 5 3 1 0
1 8 6 5 3 2
2 8 7 5 4 2
3 7 6 5 2 0
1 7 7 6 3 3
2 7 7 5 5 4
3 7 6 5 5 5
1 8 7 5 4 3
2 8 7 7 5 3
3 8 8 7 5 3

Dip Zn Phos/Cr6+         
Gardobond 24T + FH-3

Spray Zn Phos + SurTec 580     
Gardobond 24S + SurTec 580

Spray Zn Phos + CS100       
Gardobond 24S + CS100

Abrasive Blast Only

ASTM-D1654 Ratings for Low Carbon Steel (LCS) with 53022/53039

Panel Pretreatment
GM 9540P Cycles

After 60 hours GM9540P 

Performance Objectives 
rating ≥ 4 @ 60 cycles 
Alternatives met 

Performance Objectives 
Chromated Zn Phosphate 

did not meet objectives 
  

LCS Panels in GM9540P 
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Dip Zn Phos/Cr6+ Spray Zn Phos/SurTec 580 Spray Zn Phos/PPG 
Chemseal 100 

Low Carbon Steel Panels Scraped after 80 Cycles GM9540P 
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Good                                                          Bad

Laboratory Validation Results 

Dip Zn Phos/Cr6+ Spray Zn Phos/SurTec580 Spray Zn Phos/PPG 
Chemseal 100

10 20 40 60 80
1 7 6 4 2 0
2 8 7 4 0 0
3 8 6 5 2 0
1 8 8 6 6 4
2 7 7 6 6 4
3 7 7 6 6 5
1 8 7 5 5 3
2 7 7 6 4 2
3 6 6 5 5 5
1 8 7 6 6 5
2 7 7 6 5 3
3 8 8 7 6 5

Dip Zn Phos/Cr6+         
Gardobond 24T + FH-3

Spray Zn Phos + SurTec 580     
Gardobond 24S + SurTec 580

Spray Zn Phos + CS100       
Gardobond 24S + CS100

Abrasive Blast Only

ASTM-D1654 Ratings for High Hard Armor (HHA) with 53022/53039

Panel Pretreatment
GM 9540P Cycles

HHA Panels after 60 hours GM9540P 

Performance Objectives 
rating ≥ 4 @ 60 cycles 
  

HHA Panels in GM9540P 



UNCLASSIFIED:  Approved for public release; distribution unlimited.  

Dip Zn Phos/Cr6+ Spray Zn Phos/SurTec 580 Spray Zn Phos/PPG 
Chemseal 100 

HHA Panels Scraped after 80 Cycles GM9540P 
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Laboratory Validation Results 
Chip Resistance SAE-J400 Gravelometer 

Performance Objective NLT 5B 

Abrasive Blasted Only 4 B 4 B 5 B

Dip Zinc Phosphate/Cr6+ 5 B 4 B 4 B

Spray Zinc Phos/Surtec 580 4 B 4 B 6 B

Spray Zinc Phos/CS100 5 B/A 5 B/A 5 B

Abrasive Blasted Only 6 A/B 5 B/A 5 B

Dip Zinc Phosphate/Cr6+ 5 B 5 B/A 5 B/A

Spray Zinc Phos/Surtec 580 5 B 4 B/A 5 B/A

Spray Zinc Phos/CS100 4 B/A 4 B 5 B

Abrasive Blasted High Hard Armor

Milled Finish Low Carbon Steel

53022/53039 53022/64159 23377/85285 ZVOC

53022/53039 53022/64159 23377/85285 ZVOC
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Dip Zn Phos/Cr6+ Spray Zn 
Phos/SurTec 580 

Spray Zn Phos/CS 
100 

6 Months Outdoor Exposure at Cape Canaveral (December 2011) 

• Shown with MIL-DTL-53022/MIL-
DTL-53039 coating system 

• SurTec 580 and CS100 performing 
well vs. chromate sealer 

Laboratory Validation Results 

Low Carbon Steel 

High Hard Armor 
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Laboratory Validation Summary 

• Both SurTec 580 and PPG Chemseal 100 met the JTP Screening 
Requirements for demonstration 

• Progress towards meeting Performance Objectives are mixed: 
(Field tests and outdoor exposure remaining) 

- SurTec 580 performed slightly better than Chemseal 100 on LCS in 
GM9540P, Chemseal better on HHA 

- Chromated Zn Phosphate failed GM9540P on LCS 

• Both alternative sealers holding up well over 6 months outdoor 
exposure 

•  SurTec 580 selected for demonstration based on results to 
date and NAVAIR experience with TCP 
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VS. 

Demonstration 

Clean and 
degrease 

Abrasive blasting 
with appropriate 
grit.  Alternatives 

to abrasive 
blasting may be 

used 

Immersion in 
zinc 

phosphate. 

Rinse in cold 
water. 

Sealer: SurTec 
580 (TCP) 
Ambient 

Temperature 

Rinse in cold 
water 

Dry with 
compressed hot 
air or centrifugal 

drier. 

SurTec 580 TCP 
 

Clean and 
degrease 

Abrasive blasting 
with appropriate 
grit.  Alternatives 

to abrasive 
blasting may be 

used 

Immersion in 
zinc phosphate. 

Rinse in cold 
water. 

Sealer: 4 oz chromic 
acid, 4 oz phosphoric 

acid per 100 gal of 
solution at a 

temperature of 150-
200oF. 

Dry with 
compressed hot 
air or centrifugal 

drier. 

Chromic Acid 
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450 Gal vat used for SurTec 580 

M1 Copula during SurTec 580 process M1 Fuel Caps and test panels 

Demonstration 

SurTec 580 Demonstration 
• Initiated at ANAD April 23, 2012 
• Trackable M1 Components:  

• Fuel Caps 
• Copula 

• Other misc parts and test panels 
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Demonstration of Non-Chromate Sealer 
Samples and Parts 

QTY Substrate Sealer Testing Facility 

4 Steel (ANAD) SurTec 580 ANAD 

4 Steel (ANAD) Chromate ANAD 

4 Steel (ANAD) SurTec 580 ARL 

4 Steel (ANAD) Chromate ARL 

3 HHA SurTec 580 ARL 

2 HHA Chromate ARL 

3 LCS SurTec 580 ARL 

2 LCS Chromate ARL 

1 Steel U-Weld SurTec 580 ARL 

1 Steel U-Weld Chromate ARL 

1 Fuel Cap SurTec 580 ARL 

1 Fuel Cap Chromate ARL 

5 Fuel Cap SurTec 580 Field 

5 Fuel Cap Chromate Field 

2 Copula SurTec 580 Field 

Demonstration 
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Zinc Phos/Cr6+ 

Zinc Phos/SurTec 580 

SurTec 580 Demonstration 

Pull-off adhesion 
(1674 psi) 

Pull-off adhesion 
(1672 psi) 

Demonstration Parts in 
GM9540P 

 
• Parts coated with  
• MIL-DTL-53022/MIL-DTL-

53039 
• Similar performance after 20 

cycles GM9540P  
• Pull off adhesion nearly 

identical 
 

Demonstration 
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12 Months Outdoor Exposure at Cape Canaveral (June 2012) 

• SurTec 580, and CS100 continue to 
perform well vs. chromate sealer 

• Abrasive blast only (DTM) panels 
beginning to tail off. 

Laboratory Validation Results 

0 2 4 6 8 10

Abrasive Blast only

Dip Zn Phos/Cr6+

Spray Zn Phos/SurTec 
580

Spray Zn Phos CS100

ASTM 1654 Ratings for High Hard Armor

23377/85285 53022/64159 53022/53039

0 2 4 6 8 10

Abrasive Blast only

Dip Zn Phos/Cr6+

Spray Zn Phos/SurTec 
580

Spray Zn Phos CS100

ASTM 1654 Ratings for Low Carbon Steel

23377/85285 53022/64159 53022/53039
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Abrasive Blast Dip Phos/Cr6+ Spray Phos/ ST580 Spray Phos/ CS100 
Low Carbon Steel Panels 

High Hard Armor Steel Panels 

12 Months Outdoor Exposure at Cape Canaveral 

Laboratory Validation Results 
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• SurTec 580 and PPG Chemseal 100 are proving to be 
viable alternatives to chromic acid rinse for zinc 
phosphate 

 

Summary 
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