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INTRODUCTION 

This report presents the results of sulfide stress cracking (SSC) Method A test of TDZ 

coating systems that you requested, and which was performed by Element Materials 

Technology (Element). The testing was conducted on 4140 85K yield base metal. Element 

received 1” OD x 70” LG bar identified as MS-004643-03. Base material MTR documents 

were provided by the client and they are attached to this report as Appendix A. None of the 

test results in Appendix A were generated by Element. The coating systems are listed 

below: 

Grade Coating System Details Specimen ID 

4140 None 545, 552 

4140 A / 1.5-2 mil Total TDZ & 1 mil Armorplex / Blue 546 – 548 & 553 – 555 

4140 B / 1.5-2 mil Total TDZ & 1 mil Sealer Only / Grey 549 – 551 & 556 – 558 

 

Element was asked to perform SSC tests in accordance with NACE Standard TM0177 

Method A using two different test environments. The details are listed below. Test 

temperature was 75˚F, and test duration was 720 hours. 

 

Environment Specimen ID Test Solution Initial pH Test Gas Applied Stress 

1 545 – 551 Solution A 2.6 – 2.8 100% H2S 66% SMYS 

2 552 – 558 Solution B 3.4 – 3.6 35% H2S / CO2 66% SMYS 

 

SSC METHOD A TEST SPECIMENS 

Fourteen (14) standard Method A test specimens were machined from the sample. The 

specimens were prepared using a low-stress grinder and an automatic longitudinal polisher 

for the gauge section preparation. A 1000 grit emery cloth was used as the final polishing 

step. Twelve (12) of the specimens were sent to Atomic Alloys, LLC for coating with two 
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TDZ coating systems. A representative picture of uncoated and coated specimens is shown 

in Figures 1 through 3. 

 

 

Figure 1: Uncoated test specimen before exposure. 

 

 

Figure 2: Test specimen with Coating A (1.5-2 mil total TDZ & 1 mil Armorplex) before 
exposure. 

 

 

Figure 3: Test specimen with Coating B (1.5-2 mil total TDZ & 1 mil Sealer only) 
before exposure. 

After machining and/or coating, the specimens were degreased with alkaline detergent 

cleaner, followed by a two-step solvent rinse with ethanol and acetone, and warm-air dried. 

Adequacy of degreasing was determined in accordance with ASTM F 21.  
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LOAD APPLICATION 

After degreasing, the specimens were sealed in the test cells. The specimens were 

stressed to 66 percent of the specified minimum yield strength (SMYS). The SMYS was 

85 ksi. 

The test cells were then deaerated with nitrogen for minimum 1 hour with a flow rate of 

500 mL/min before introducing the test solution. 

 

TEST CONDITION 

De-ionized water and reagent grade chemicals were used for the test solution preparation. 

The test solutions were then deaerated with nitrogen over the weekend with a flow rate of 

500 mL/min. The deaerated solution was transferred into each cell, and they were further 

deaerated with nitrogen for one hour at a flow rate of 500 mL/min. After deaeration, the flow 

was switched to the test gas at a flow rate of 500 mL/min for one hour and then at a 

reduced maintenance flow rate for the remainder of the test period (720 hours). The test 

gas was 100% H2S (14.7 psi ppH2S) in the case of environment 1 and 35% H2S (5 psi 

ppH2S) with balance of CO2 in the case of environment 2. 

One specimen per coating system and environment was photographed at approximately 

100-hour intervals. The pictures are shown in Figures 4 through 7. 
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Figure 4: Test specimen 546 with Coating A (1.5-2 mil total TDZ & 1 mil Armorplex) at 
100-hour exposure intervals in environment 1. 
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Figure 5: Test specimen 549 with Coating B (1.5-2 mil total TDZ & 1 mil Sealer only) 
at 100-hour exposure intervals in environment 1. 

 

 

 

 

 

 

 



 

 
Report No. 131195-01 December 15, 2020 Page 7 of 15 
 

  

Figure 6: Test specimen 553 with Coating A (1.5-2 mil total TDZ & 1 mil Armorplex) at 
100-hour exposure intervals in environment 2. 
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Figure 7: Test specimen 556 with Coating B (1.5-2 mil total TDZ & 1 mil Sealer only) 
at 100-hour exposure intervals in environment 2. 

 

RESULTS AND CONCLUSIONS 

At the end of the test, the final pH from each cell was measured and the H2S concentration 

of the last cell was measured. The cells were then purged with nitrogen at a flow rate of 

500 mL/min for 30 minutes to remove the H2S. The initial pH, final pH and H2S 

concentration (cH2S) and test results are listed in Table 1 below. The specimens were then 

removed from the cells, cleaned and visually evaluated. Figures 8 and 9 show all 

specimens after the exposure. Figures 10 through 13 show representative detail of reduced 

section of one specimen per coating system and environment at 20X magnification. 
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Table 1: Test Results Details 

Environment Specimen ID Initial pH Final pH Final cH2S (mg/L) Result 

1 

545 (Uncoated) 2.6 3.2 

2812* 

Pass 

546 (Coating A) 2.6 2.6 Pass 

547 (Coating A) 2.6 2.6 Pass 

548 (Coating A) 2.6 2.7 Pass 

549 (Coating B) 2.6 2.7 Pass 

550 (Coating B) 2.6 3.0 Pass 

551 (Coating B) 2.6 2.9 Pass 

2 

552 (Uncoated) 3.4 3.5 

1045** 

Pass 

553 (Coating A) 3.4 3.4 Pass 

554 (Coating A) 3.4 3.4 Pass 

555 (Coating A) 3.4 3.4 Pass 

556 (Coating B) 3.4 3.4 Pass 

557 (Coating B) 3.4 3.4 Pass 

558 (Coating B) 3.4 3.4 Pass 

Note: * Minimum cH2S for environment 1 (100% H2S / 14.7 psi ppH2S) is 2300 mg/L. 

 ** Minimum cH2S for environment 2 (35% H2S balance CO2 / 5 psi ppH2S) is           

805 mg/L. 

 

All specimens passed the test. 
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Figure 8: Test specimens after the 720-hour exposure in environment 1. 
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Figure 9: Test specimens after the 720-hour exposure in environment 2. 
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Figure 10: Test specimen 546 with Coating A (1.5-2 mil total TDZ & 1 mil Armorplex) 
after exposure in environment 1, at 20X magnification. 

 

Figure 11: Test specimen 549 with Coating B (1.5-2 mil total TDZ & 1 mil Sealer only) 
after exposure in environment 1, at 20X magnification. 
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Figure 12: Test specimen 553 with Coating A (1.5-2 mil total TDZ & 1 mil Armorplex) 
after exposure in environment 2, at 20X magnification. 

 

Figure 13: Test specimen 556 with Coating B (1.5-2 mil total TDZ & 1 mil Sealer only) 
after exposure in environment 2, at 20X magnification. 
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Please call us if you have questions about this information or if we may serve you further. 

 

Sincerely, 
 

 

Eva Coronado, Ph.D. 
Corrosion Laboratory Manager 
 
Telephone : (713) 696-6384 
E-mail  : eva.coronado@element.com 
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Appendix A 
 

Base material (1” OD x 70” LG bar identified as MS-004643-03) MTR documents. 
Note: None of the test results were generated by Element 
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