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Interagency Depainting Agreement

Participants
National Aeronautics and Space Administration
Environmental Protection Agency
United States Air Force
Industry Partners

Objective
Evaluate effects of alternative depainting technologies
on aluminum substrate.
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Depainting Operations

      
      Media Stripping

Plastic Media Blast
Sodium Bicarbonate Wet Stripping
High Pressure Water Blast
Wheat Starch Blast
Xenon Flashlamp/CO2

      Chemical Stripping
Eight environmentally advantaged chemicals
Two methylene chloride chemicals

Metallic Materials Division
Materials, Processes and Manufacturing Department
Marshall Space Flight Center



Metallic Materials Division
Materials, Processes and Manufacturing Department
Marshall Space Flight Center

Metallurgical Evaluations by Depainting Process



Corrosion Testing

SAE MA4872
Immersion Corrosion
Sandwich Corrosion

Hydrogen Embrittlement

Metallic Materials Division
Materials, Processes and Manufacturing Department
Marshall Space Flight Center



Total Immersion Corrosion

Test:  ASTM F483-90 Standard Test Method for Total Immersion
Corrosion Test for Aircraft Maintenance Chemicals

Objective:  Determine corrosiveness of chemical on substrate.

Material:  Clad and Non-Clad 2024-T3 Aluminum

Methodology:  Immerse substrate in chemical, measure weight change
and note visual change after seven days.
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Total Immersion Corrosion Test Results
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Total Immersion Corrosion Test Conclusions

Alkaline and Neutral Chemicals - 
  Little to no weight loss during exposure.   
  Well below acceptable  weight loss rates.  
  No visible etching, pitting or accretions.

Acid Chemicals - 
  Non-clad - Three of five, including baseline, exhibited weight
       loss rates above acceptable rate ( 0.2mg/cm2/24 hr).

     Etching occurred from all chemicals.
                     No accretions on any samples.
         Pitting and localized attack from all but one chemical.
  Clad - One of five exhibited weight loss rates above acceptable 
             rate (0.3 mg/cm2/24 hr).
             Etching occurred from all chemicals. 
             No accretions on any samples. 
             Pitting and localized attack from all but two chemicals.
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Sandwich Corrosion Testing

Test:  ASTM F1110-90 Standard Test Method for Sandwich
          Corrosion Test

Objective:  Determine corrosiveness of chemical on substrate

Material:  Clad and Non-Clad 2024-T3 Aluminum

Methodology:  Immerse filter paper in chemical, sandwich filter paper
between substrate panels and rate visual change per ASTM scale after
seven days.
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Sandwich Corrosion Test Conclusions

Alkaline and Neutral Chemicals - 
  Non-clad - 
    All chemicals performed equal to or better than deionized water.
    Three alkaline alternate chemicals performed equal to or better than methylene chloride 

baseline.
     The neutral chemical did not perform as well as the methylene chloride baseline.
   Clad -
     All chemicals performed equal to or better than deionized water.
     Methylene chloride baseline performed better than alternate chemicals.

Acid Chemicals - 
  Non-clad - 
    All chemicals performed  worse than deionized water.
    Alternate chemicals performed the same as the methylene chloride baseline.
  Clad-
    Four of five chemicals (including the baseline) performed as well or better than deionized 

water. 
    Three of four alternate chemicals performed worse than methylene chloride baseline.
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Hydrogen Embrittlement Testing

Test:  ASTM F519-93 Standard Test Method for Mechanical
Hydrogen Embrittlement Testing of Plating Processes and
Aircraft Maintenance Chemicals

Objective:  Determine hydrogen embrittlement potential of chemical

Material:  Cadmium plated 4340 steel

Methodology:  Immerse preloaded specimen in chemical for 150
hours, check for failure of specimen
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Hydrogen Embrittlement Test Results
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Hydrogen Embrittlement Test Conclusions

Alkaline and Neutral Chemicals - 
   All alkaline chemicals (including the methylene chloride baseline) passed.
   Failing neutral chemical exhibited two failures in six days (after 102 hours).
   Failed specimens exhibited a region of intergranular fracture.
   Failing neutral chemical was repeated and passed with no failures in 8 days (200 hours) 
   pH level of neutral chemical below levels reported by manufacturer.

Acid Chemicals - 
   All specimens failed within two days.
   Failed specimens exhibited a region of intergranular fracture.
   Methylene chloride baseline specimens failed in 0.5 hour.
   Average failure times for alternative chemicals exceeded methylene chloride 

failure time.
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Summary

Alternate alkaline and neutral chemical paint strippers  have been identified that,
with respect to corrosion requirements, perform as well or better then a
methylene chloride baseline.  These chemicals also, in general, meet corrosion 
acceptance criteria as specified in SAE MA 4872.

Alternate acid chemical paint strippers have been identified that, with respect
to corrosion requirements, perform as well or better than a methylene chloride
baseline.  However, these chemicals do not generally meet corrosion acceptance
criteria as specified in SAE MA 4872, especially in the areas of non-clad 
material performance and hydrogen embrittlement.  
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Mechanical  Testing

SAE MA4872
Tensile
Fatigue

Crack Detectability
Clad Penetration
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Tensile Testing

Test:  ASTM E8

Objective:  Determine tensile properties of substrate

Material:  Clad and Non-Clad 2024-T3 Aluminum
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 2024-T3 Stress Strain Curve
(clad)
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Tensile Stress-Strain Curve for 2024-T3 Aluminum (clad)
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2024-T3 Stress Strain Curve
(non-clad)
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Tensile Test Data Summary (2024-T3 Aluminum, Longitudinal Direction)



Fatigue Testing

Test:  SAE MA4872 (Type II Specimens)

Objective:  Assess effects of depainting process on fatigue
performance of substrate.

Material:  Clad and Non-Clad 2024-T3 Aluminum
   Baseline
   Processed Panels

Methodology:  Maximum stress 45 ksi
          R Ratio of 0.1
          Cyclic load frequency of 10 Hz.
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Fatigue Test Configuration
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2024 T3 Baseline Fatigue Data
Cyclic Stress 45 KSI
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2024 T3 (non-clad) Wheat Starch Fatigue
Cyclic Stress 45 KSI
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2024 T3 (non-clad) Water Blast Fatigue
Cyclic Stress 45 KSI
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2024 T3 (non-clad) Plastic Media Fatigue
Cyclic Stress 45 KSI
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2024 T3 (clad) Plastic Media Fatigue
Cyclic Stress 45 KSI
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2024 T3 (non-clad) Flashjet Fatigue
Cyclic Stress 45 KSI
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Fatigue Test Conclusions

Small Sample Size

Xenon Flashlamp/CO2 (non-clad)
Overlap in mean life for two sets of panel specimens
Reduction in mean life for two sets of panel specimens

Surface condition
Low strength material

Plastic Media (clad and non-clad)
Increase in mean life for one set of non-clad panel specimens
Overlap in mean life for one set of non-clad panel specimens
Overlap in mean life for two sets of clad panel specimens

Wheat Starch (non-clad)
Overlap in mean life for one set of panel specimens

Water Blast (non-clad)
Overlap in mean life for two sets of panel specimens
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Crack Detectability Testing

Test:  SAE MA4872 - Crack Detectability

Objective:  Assess effect of depainting process on detection of 
    substrate cracks.

Material:  Clad and Non-Clad 2024-T3 Aluminum

Methodology:   Painted and Cured
           Notched and Precracked
           Crack lengths measured (eddy current)
           Depainted
           Crack lengths measured (eddy current)
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Fatigue crackEDM slot

Specimen ID:  CD-35

Width:  4 in.

Crack Detectability Specimen
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Initial vs First Cycle Crack Length Measurements
Envirostrip  Wheat Starch
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Initial vs First Cycle Crack Length Measurements
Plastic Media Blast 
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Initial vs First Cycle Crack Length Measurements
Water Jet Blasting 
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Initial vs First Cycle Crack Length Measurements
Sodium Bicarbonate Wet Stripping 

140

150

160

170

180

140 150 160 170 180

Initia l Crack Length

(1/64 inches)

Fi
rs

t C
yc

le
 C

ra
ck

 L
en

gt
h

(1
/6

4 
in

ch
es

)

2

2



Metallic Materials Division
Materials, Processes and Manufacturing Department
Marshall Space Flight Center

Summary of Crack Detectability Test Results
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Summary of Pre- and Post-Processed Panel Crack Lengths



Crack Detectability Test Conclusions

Small Sample Size 

Plastic Media (clad and non-clad)
Zero mean difference falls in 95% confidence interval. 

Water Blast (non-clad)
 Zero mean difference falls in 95% confidence interval.

Wheat Starch (non-clad)
 Zero mean difference falls in 95% confidence interval.

Sodium Bicarbonate Wet Stripping (non-clad)
Zero mean difference does not fall in 95% confidence interval.
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Clad Penetration Evaluation

Baseline

Plastic Media Blast



Summary

Alternate alkaline and neutral chemical paint strippers  have been identified that,
with respect to corrosion requirements, perform as well or better then a
methylene chloride baseline.  These chemicals also, in general, meet corrosion 
acceptance criteria as specified in SAE MA 4872.

Alternate acid chemical paint strippers have been identified that, with respect
to corrosion requirements, perform as well or better than a methylene chloride
baseline.  However, these chemicals do not generally meet corrosion acceptance
criteria as specified in SAE MA 4872, especially in the areas of non-clad 
material performance and hydrogen embrittlement.  

Media blast methods reviewed in the study do not, in general, adversely affect 
fatigue performance or crack detectability of 2024-T3 substrate.  Sodium bi-
carbonate stripping exhibited a tendency towards inhibiting crack detectability.  
These generalizations are based on a limited sample size and additional testing
should be performed to characterize the response of specific substrates to specific 
processes.  
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Flashjet Panel IV-15.12

Panel IV-15.6 Panel IV-15.10Panel IV-15.7
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