AD

MEMORANDUM REPORT ARCCB-MR-97009

AMBIENT TEMPERATURE TESTING OF METALLIC
MATERIALS EXPOSED TO PROPELLANT COMBUSTION
ENVIRONMENTS CONTAINING HYDROGEN

G. N. VIGILANTE
P.J. COTE
-J. H. UNDERWOOD

MARCH 1997

US ARMY ARMAMENT RESEARCH,

DEVELOPMENT AND ENGINEERING CENTER
CLOSE COMBAT ARMAMENTS CENTER
BENET LABORATORIES
WATERVLIET, N.Y. 12189-4050

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

10970429 190 ===



DISCLAIMER
The findings in this report sre not to be construed as an official
Departaent of th; Army position unless so designated by other suthorized
docunents. |
The use of trade name(s) and/or manufacturer(s) does not constitute

an cfficial indorsement or spproval.

DESTRUCTION NOTICE
For classified documents, follow the p;ocodu:os in DoD 5200.22-M,
Industrial Security Manual, Section II-19 or DoD 5200.1-R, Information
Security Progran'nogulation,'Chaptcr IX.
For unclassifidd, limited documents, destroy by aiy method that will
prevent disclosure of contents or reconstruction of ths document.
For unclassified, unlimited documents, destroy when the report is

no longer needed. Do not return it to the originator.



Form Approved

REPORT DOCUMENTATION PAGE OME No. 0704-0188

Public reporting burden for this coliection of information 1s estimated to average 1 hour per resporse, including the time for reviewing instructions, searching existing d&ta sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate of any other asoect of this
collectron of information, including suggestions for reducing this burgen. to Washington Headquarters Services, Directorate for information Operations and Repc nsﬂjZ'lS letferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the O*fice of Management and Budget, Paperwork Reduction Project (0704-0188), Washingten, DC 20503,

1. AGENCY USE ONLY (Leave blank) | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
March 1997 Final

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

AMBIENT TEMPERATURE TESTING OF METALLIC AMCMS No. 6111.01.91A1.100

MATERIALS EXPOSED TO PROPELLANT COMBUSTION
ENVIRONMENTS CONTAINING HYDROGEN

6. AUTHOR(S)

G.N. Vigilante, P.J. Cote, and J.H. Underwood

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

U.S. Army ARDEC
Benet Laboratories, AMSTA-AR-CCB-O ARCCB-MR-97009
Watervliet, NY 12189-4050

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

U.S. Army ARDEC
Close Combat Armaments Center
Picatinny Arsenal, NJ 07806-5000

11. SUPFLENMERTARY NCTES

12z DSTRIBUTION JAVAILABILITY STATEMENT . 12b. DISTRiBUTICH COLL

Approved for public release; distribution unlimited.

13. ABSTRALT (Meximum 200 worgs;

Combustion gases containing hydrogen can causc severe environmental degradation and cracking in the high strength steels used in gun tubes.
Although the hydrogen is evolved at the elevated lemperatures of combustion, the deleterious effects of hydrogen on steel are most severe near
armbient temperature.

14. SUEJECT TERN.: 15 NG'EEr OF PAGLS

Environmentally-Assisted Cracking, Hydrogen-Induced Cracking, 5

Hydrogen Embrittlement, Propellants, Combustion Gases, High Strength Stecls 1¢. PRICE CCDE

17. SECURITY CLASSIFICATION 16, SECURITY CLASSIFICATION 18, SECURITY CLASSIEICATICN 20, LINITLTOL OF AESTRACE
OF REFORT OFf THIS PACE OF ABSTRACT

UNCLASSIFIED JUNCLASSIFIED. UNGLASSIFIED

NS 75.0-05-280-5500




TABLE OF CONTENTS

ACKNOWLEDGEMENTS .. . ..\t e et e e e ettt e i
117Nl Ce1:0010)1 > T
15 (el (o) N P
SUMMARY/CONCLUSIONS ... ...0uunneeieiiniiininnnnns e,

REFERENCES .. i i i ittt e it it i

1. Schematic of hydrogen embrittlement crack growth rate tests
conducted by Williamsand Nelson . ...... ..o ittt iiiieen..



ACKNOWLEDGEMENTS

The authors would like to thank Dr. David Duquette his correspondence on the subject of
hydrogen-induced cracking.

ii



BACKGROUND

Combustion gases containing hydrogen can cause severe environmental degradation and
cracking in the high strength steels used in gun tubes. Although the hydrogen is evolved at the
elevated temperatures of combustion, the deleterious effects of hydrogen on steel are most severe
near ambient temperature. As a general rule, hydrogen-induced cracking failures and stress
corrosion cracking failures are easily distinguishable from each other; the former is most severe at
ambient temperature, while the latter typically increases in severity with increasing temperature
(ref 1). Itis, therefore, a conservative and sound engineering approach to test armament
materials exposed to hydrogen under ambient temperature conditions.

Hydrogen-induced cracking is a persistent problem. Although much work has been
conducted in this area in the past three decades, there are still failures in armament attributed to
hydrogen (refs 2-5) . Furthermore, hydrogen-related failures can be expected to increase as
propellant environments become more severe and as component strength levels increase.

DISCUSSION

It is well known that hydrogen-induced cracking presents the greatest problem near room
temperature. The classic crack growth rate curves produced by Williams and Nelson (ref 6) on
4130 steel in the presence of a gaseous hydrogen environment show that the fastest crack growth
rates are produced at room temperature. A schematic of their results is shown in Figure 1. Itis
easy to fathom that crack growth rates below room temperature will be lower because of the
limited diffusion of the hydrogen into the material. However, the reason for lower crack growth
rates above room temperature may not be as obvious. As temperature increases, the diffusivity
increases exponentially and greatly increases the likelihood of desorption of the hydrogen. This is
the theory behind “baking-out” steels. The phenomenon of maximum hydrogen crack growth
rates at room temperature occurs not only with 4130 steel but also with various steels, stainless
steels, nickel, titanium, and aluminum alloys.

It seems appropriate, using this information, to test the room temperature behavior of
hydrogen-induced cracking of gun tube materials in order to determine the effects of propellant
environments. Of course, the ideal test would be the actual firing environment from full-scale
tests or from a test chamber; however, these tests are technically challenging, extremely labor
intensive, and expensive to conduct. How the hydrogen is produced is irrelevant as long as there
are no significant chemical reactions taking place that will bias the test and as long as the amount
of hydrogen available is representative of the actual propellant environment. For example, an acid
environment can be used to produce hydrogen. However, if the pH of the acid changes over the
test duration, so does the amount of hydrogen available to cause cracking. As another option, an
electrochemical cell can be used to create hydrogen at the cathode (test material) surface.
However, the experimentalist must decide if a "poison" should be used to limit the amount of
hydrogen gas formed and must determine the rate at which hydrogen is evolved (varying the
current density).
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Figure 1. Schematic of hydrogen embrittlement crack
growth rate tests conducted by Williams and Nelson.

SUMMARY/CONCLUSIONS

¢ Maximum hydrogen-induced crack growth rates occur at or near room temperature for
a wide range of materials, including gun steels.

® Although the hydrogen may be produced from propellants at high temperatures, it is the

hydrogen effects at room temperature that are of greatest concern and that cause cracking.

® Testing armament materials in hydrogen-containing environments at room temperature
provides a proper measure of the susceptibility of these materials.
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