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INTRODUCTION 

In June 1999, Dr. Cote supplied a prepublication copy of his and Mr. Rickard's 
report, "Gray Layers and the Erosion of Chromium Plated Gun Bore Surfaces," (ref 1) 
and requested this author's comments. These comments are offered here. 

Erosion of gun bore surfaces is clearly one of the most critical topics facing 
ARDEC, so the authors should be complimented for undertaking this work. They apply 
both proven and novel metallography methods to samples from guns that were fired with 
recent, high-temperature rounds. Thus, their results deserve attention. 

CAUSE OR CONSEQUENCE 

The problem this author has with their report is with the main conclusion of the 
work, which is well stated in the authors' words from their Discussion section: 

"... the present observations of the initiation and gradual progression of 
oxygen and sulfur attack into the steel do not support the suggestion that 
hydrogen cracking of the steel, after firing, initiates failure of the chromium." 

Cote and Rickard conclude that oxygen and sulfur attack of the steel is the cause of 
chromium loss and erosion in guns, and that hydrogen cracking is not involved. This 
author disagrees with this conclusion, and suggests that hydrogen cracking is the initial 
and critical cause of steel damage and subsequent chromium loss and erosion, whereas 
oxygen and sulfur attack occurs after hydrogen cracking as a consequence of that 
cracking. Simply stated, hydrogen cracking is the initial cause of chromium loss, and 
gray layer formation is a consequence of hydrogen cracking. Thus, gray layers could have 
at most a secondary effect on chromium loss and erosion in cannon tubes. A comparison 
of certain aspects of hydrogen cracking and gray layer formation—based on Figures 5 and 
7a of the Cote and Rickard report and on prior ARDEC reports—is given below, to 
support the contention that hydrogen cracks are a cause and gray layers are a 
consequence. 

COMPARISON OF HYDROGEN CRACKS AND GRAY LAYERS 

Morphology of Cracks and Gray Layers 

It is clear from Figures 5 and 7a (and supported by other Cote and Rickard 
photomicrographs) that gray layers are observed as, "outlining many of the larger crack- 
like features" again using the authors' words. The obvious explanation for this 
configuration of a crack outlined by a gray layer is that the crack formed after the required 
number of firings and then opened in subsequent firings to admit propellant gases that 
formed the gray layer. So the cracks cause the initial damage in the steel beneath the 
chromium, and the gray layers are a consequence of the cracks. Further, based on recent 
work at Benet (refs 2,3) and a long progression of results from the literature, it is clear 



that the cracks in Figures 5 and 7a have the characteristic features of hydrogen cracks as 
observed in cannons and other components. 

Time and Temperature Requirements 

Vigilante and coworkers (ref 3) and others in the literature have shown that 
hydrogen cracks can grow very quickly in gun steel at room temperature. Also, there is 
clear evidence (ref 2) that cannon firing provides the sustained tensile stress and hydrogen 
environment required for hydrogen cracking. Thus, it is quite plausible that the cracks 
shown in Figures 5 and 7a are hydrogen cracks. 

In contrast, there seems to be considerable question that the cracks shown in 
Figures 5 and 7a could have been formed by "the gradual progression of oxygen and 
sulfur attack into the steel." It is doubtful that there could have been enough time at 
temperature. It is known that the high temperatures required for sulfur attack have only a 
few milliseconds duration during a cannon firing cycle, whereas an example of sufidation 
cracking from the literature (ref 4) led to failure only after 8500 hours at 1700°F. So the 
growth of a long slender gray layer along a line to somehow cause the crack-like 
appearance in Figures 5 and 7a does not seem very plausible. The very shape of the 
"crack-like features" in Figures 5 and 7a support this. The length extending into the steel 
is clearly very much greater than the width, and this is consistent with a hydrogen crack 
growing in response to a sustained tensile stress, followed by much slower growth of 
gray layers in response to a brief high-temperature exposure during subsequent firing 
cycles. 
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