ASTM F519 - 23

Standard Test Method for Mechanical Hydrogen Embrittlement Evaluation
of Plating/Coating Processes and Service Environments

Key Points Summary

1. Overview

ASTM F519-23 describes mechanical test methods and defines acceptance criteria for
plating/coating processes that can cause hydrogen embrittlement (HE) in steels. It also covers
evaluation of subsequent exposure to service environment chemicals (fluids, cleaners,
maintenance chemicals) that may contact plated/coated or bare steel surfaces.

This standard is approved for use by agencies of the U.S. Department of Defense.

Important limitations:

» This test method is NOT intended to measure the relative susceptibility of different steels
to HE (use ASTM F1459 or F1624 for that purpose)

+ Baseline material: SAE 4340 steel heat treated to 260—280 ksi; components with higher
strength may not be represented

* The ISL accelerated test (<24 h) per Annex A3 may substitute the SLT only if approved
by the cognizant engineering authority

2. Scope & Applications

2.1 Plating/Coating Processes (Primary Use)
* Detects hydrogen embrittlement during manufacture by controlling surface preparation,
pretreatments, and plating/coating

* Used as qualification test for new processes and periodic inspection audit for existing
processes

2.2 Service Environments

+ Evaluates HE of steel parts (plated/coated or bare) due to contact with chemicals during
manufacturing, overhaul, and service life

+ Details in Annex A5; plating/coating process must first be qualified per Section 4.1 before
using plated specimens for service environment evaluation

3. Baseline Test Material

Parameter Requirement

Steel Grade A Air melted SAE 4340 per SAE AMS 6415 (formerly MIL-S-5000)
Steel Grade B VAR (Vacuum Arc Remelt) SAE 4340 per SAE AMS 6414
Default Grade Grade A (if not specified)

Heat Treatment AMS 2759/2 Class A or B; austenitize at 1500-1550°F, quench



Parameter Requirement

in oil, double temper 2 h min at 425-490°F
Target Strength 260-280 ksi (UTS)

Hardness 51-53 HRC (50.6-53.4 HRC absolute range, avg of 3 readings
per ASTM E29)

4. Specimen Types

Type \ Description Loading Mode

Type Notched Round Tension — Standard size (0.175 Tension / Load control

1a.1 in. minor, @0.250 in. major, 60° notch)

Type Notched Round Tension — Oversized (20.235 in. Tension / Load control

1a.2 minor, @0.333 in. major)

Type 1b Notched Round Tension — Sub-sized self-loading Tension / Constant
ring fixture (d/D = 0.0895/0.188) displacement

Type 1c Notched Round Bend — Self-loading four-point Bending / Displacement
bend fixture (80.177 in.)

Type 1d Notched C-Ring Bend — Self-loading fixture; Bending / Constant
machined from 2-inch diameter bar stock displacement

Type 1e Notched Square Bend — For ISL test method only; Four-point bending
a/W ratio matches Type 1d

Type 2a Smooth O-Ring Bend — Shot-peened; loaded with Bending / Constant
oversized stressing bar in vise displacement

Stress Concentration Factors (Kt, nominal values):

Type Min Kt Nominal Kt | Max Kt
1a.1 3.16 3.30 3.48
1a.2 3.31 3.59 3.76
1b 2.86 3.07 3.33
1c 3.30 3.45 3.62
1d 3.73 4.03 4.42
1e 3.95 4.27 4.60
2a N/A N/A N/A

5. Specimen Manufacture & Qualification

5.1 Key Manufacturing Requirements



+ Entire notch must be ground to size; single-point machining, burnishing, and shot
peening of notch are all prohibited

» After grinding, stress relief bake at 375 + 25°F (190 = 14°C) for 4-5 h per AMS 2759/11

* Acid or cathodic electrolytic cleaning is prohibited; straightening after final heat treatment
is prohibited

» Storage: coat with corrosion preventive compound (MIL-PRF-16173, Grade 2) to prevent
corrosion

+ Type 2a specific: must be shot-peened per AMS 2430 at Almen “A” intensity 0.006—
0.010 in.; grinding after heat treatment is prohibited

5.2 Lot Acceptance Criteria

Item \ Sampling Requirement

Tensile Strength 4 each Per ASTM ES8; each specimen within 10 ksi of
average

Hardness 5% 51-53 HRC per ASTM E18; avg of 3 readings per
specimen

Dimensions 100% Meet drawing tolerances; notch verified at 50—-100x
magnification

Notched Fracture 10 each Per ASTM ES8; each specimen within 10 ksi of

Strength (NFS) average

6. Sensitivity Test (Section 9.5)

Each lot of specimens must demonstrate sensitivity to HE using 6 trial specimens exposed to
two cadmium cyanide electroplating conditions:

Treatment Current Density Plating Time @ Baking Expected Result
(Type 1)
A (Highly 10 A/ft? (108 30 min Do NOT All 3 fracture within
embrittling) A/m?) bake 24 h (SLT) OR crack
initiation <50% NFS
(ISL)
B (Less 60 A/ft? (645 6 min Bake 23 h None fracture within
embrittling) A/m?) at 375+ 200 h (SLT) OR
25°F sustain 290% NFS
(ISL)

ISL sensitivity loading profile: (15/5/1) + (5/5/2) = 15 steps at 5% NFS for 1 h each, then 5 steps
at 5% NFS for 2 h each (total <24 h at 100% NFS maximum).

7. Pass/Fail Requirements

7.1 Sustained Load Test (SLT) — Primary Method



Specimen Types Sustained Load Level Required Duration

Type 1a, 1b, 1¢, 1d, 75% of tensile or bend NFS  Minimum 200 h without fracture
1e

Type 2a (O-Ring) 92% of UTS (using 2.525- Minimum 200 h without fracture
inch stressing bar)

7.2 Incremental Step Load (ISL) Test — Accelerated Alternative (<24 h)

* May be used ONLY if approved by the cognizant engineering authority

+ Pass criterion: specimen sustains 290% NFS for 2 h using the (15/5/1 + 5/5/2) loading
protocol

» Test results reported as threshold % NFS, not pass/fail like SLT

7.3 Interpretation of SLT Results

Outcome " Interpretation / Action

No fracture (0/4) in 200 h Process is NON-EMBRITTLING

One fracture (1/4) in 200 h Step-load remaining 3 specimens every 2 h in 5% increments
to 90% NFS; if all 3 sustain 90% NFS for 2 h — NON-

EMBRITTLING
Two or more fractures Process is EMBRITTLING
(=2/4)
Fracture outside notch Test invalid; replacement testing required
Pre-existing defects May invalidate test; replacement testing required

(cracks, grinding burns)

Extended Time Under Load (ETUL): If total time-off-load exceeds 10% of the test duration (e.g.,
>20 h for a 200-h test), the test duration must be extended by the excess time-off-load.

8. Test Procedure Summary

8.1 Plating/Coating Process Testing

*  Minimum 4 specimens per test
» Specimens are used once only; stripping and reuse are prohibited
+ Entire specimen (except grip areas) shall be plated/coated

* For non-porous coatings (e.g., nickel, bright cadmium): leave a portion uncoated to allow
hydrogen bakeout; for notched types, entire notch + 0.5 in. on each side must be coated

» Stress calculations shall use bare metal specimen dimensions

8.2 Service Environment Testing (Annex A5)

* Minimum 4 specimens per test; single use only

» Specimens shall be galvanically isolated from container and fixtures

* Chemical exposure volume: 25 mL solution per cm? of exposed surface
+ Test temperature: 68—86°F (20—30°C) or operating service temperature



8.3 Chemical Classification

Category Definition ' Test Duration  Load Level

Passive No measurable corrosive 150 h 45% NFS (Types 1a,1b,1c,1e);
attack on SAE 4340 steel continuous 65% NFS (1d); 80% vyield
(e.g., most cleaners, paint immersion strength (2a)
strippers)

Aggressive  Measurable corrosive Preload Preload per Table A5.1; then
reaction (e.g., nitric acid exposure + up increase to 75% NFS (Type 1)
for temper etching); to 200 htotal at  or 92% UTS (Type 2a)

exposure limited to 1.5x 75% NFS
manufacturer’s max
recommended time

9. Annex Summary

Annex Title Key Content

A1 Notched Round Type 1a.1: min 10-kip machine for NFS; 7.5-kip for
Tension Specimens sustained load. Type 1a.2: min 16-kip for NFS; 12-kip for
(Types 1a.1, 1a.2) sustained load.

A2 Notched Specimens in  Type 1b: spring-loaded ring; swaged retaining collar. Type
Self-Loading Fixtures 1c: 4-pt bend; calibrated by turns-to-fracture. Type 1d: C-
(1b, 1c, 1d) Ring; calibrated by diameter change at fracture.

A3 ISL Test Method (Type Prescribed ISL protocol for Type 1e at 51-53 HRC:
1e) (15/5/1) + (5/5/2). Threshold = % NFS at 5% load drop.

Pass if 290% NFS for 2 h.

A4 Smooth O-Ring Shot-peened; loaded with oversized stressing bar.
Specimens (Type 2a)  Acceptance: 51-53 HRC, no magnetic indications >0.031
in., no scratches.

A5 Service Environment Passive vs. aggressive chemical classification, galvanic
Testing isolation requirements, concentration, volume,
temperature, and pass/fail interpretation.

10. Reporting Requirements

A test record or report shall include:
* Lot acceptance and sensitivity certification (NFS for specimen lot)
* Any deviations from baseline geometry, material, temper, Kt, or masking practices
» Description of the plating/coating process applied to test specimens
» Description of test environment (concentration, temperature, etc.) if not ambient air
» Sustained or threshold load applied, or % NFS, or displacement as appropriate

* Type and number of specimens on test frame; certified NFSs; fracture details and time-
off-load; any ETUL

« Time under load; fracture observations; conformance statement



» If step-loading protocol (Section 11.2) was invoked, state the reason and reference to

fractures

11. Key Referenced Standards

Standard

ASTM E4

ASTM E8/E8BM
ASTM E18
ASTM E292
ASTM E691
ASTM E1417
ASTM E1444
ASTM F1459
ASTM F1624
ASTM F2078
ASTM G5

ASTM G38

SAE AMS 2759/2
SAE AMS 6414
SAE AMS 6415
SAE AMS-QQ-P-416

' Description

Force Calibration and Verification of Testing Machines

Tension Testing of Metallic Materials

Rockwell Hardness Testing

Time-for-Rupture Notch Tension Tests

Interlaboratory Study for Precision of Test Method

Liquid Penetrant Testing

Magnetic Particle Testing for Aerospace

Susceptibility to Hydrogen Gas Embrittlement (HGE)

Hydrogen Embrittlement Threshold — Incremental Step Loading
Terminology — Hydrogen Embrittlement Testing
Potentiodynamic Anodic Polarization Measurements

C-Ring Stress-Corrosion Test Specimens

Heat Treatment of Low-Alloy Steel Parts (2220 ksi)

SAE 4340 Steel — Vacuum Consumable Electrode Remelted (VAR)
SAE 4340 Steel — Air Melt Bars, Forgings, Tubing

Cadmium Plating (Electrodeposited)

This summary is prepared from ASTM F519-23 for internal reference purposes. For complete requirements, refer to

the official ASTM standard.



