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trix in 12 Cr-Co-W-V alloy and a possible catalytic effect of co-
balt upon reaction rates causes susceptibility to two precipitation 
reactions. 
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Discussion 
D. L. NEWHOUSE.4 The authors are to be complimented for 

their identification of two different embrittling reactions with 
4 Supervisor, Forging Development, Materials and Processes 

Laboratory, Large Steam Turbine-Generator Department, General 
Electric Company, Schenectady, N. Y. 

overlapping and onty slightly differing symptoms. The fact 
that these reactions were observed only in the 12 Cr-Co-W-V 
material of the six alloys described is of considerable interest. 

The subtle nature of the reactions and their effects described 
in this paper illustrate very well the problems facing the metal-
lurgist in the development of materials for long-time, high-tem-
perature service. In the case of 12 Cr-Co-W-V alloy, the "885 
embrittlement" reaction could be produced by relatively short-
time laboratory aging tests, but its effects are rather readily 
obscured by testing variables and the reaction is most noticeable 
at aging temperatures below those of usual interest and testing 
for this alloy. The sigma-phase precipitation apparently occurs 
only after very much longer exposure at 1000 F or above, and 
under conditions of stress. Both reactions may vary in their 
intensity and effect on ductility with normal variations in chemi-
cal composition, and perhaps also with heat-treatment or hardness 
level. 

It seems apparent that, to obtain reasonable assurance of 
freedom from deterioration of properties in long-time high-tem-
perature service, long-time exposure tests must be run duplicat-
ing as closely as is feasible actual operating conditions, and that 
material exposed to long-time aging must be most critically 
examined for clues to such changes. As the authors point out, 
long-time creep tests can sometimes furnish such information, 
but generally offer very little material for after-creep evaluation 
of possible embrittlement. 

To obtain such information on currently used and possible new 
high-temperature materials, the company with which the authors 
and the writer are associated has had in progress for some time, 
long-time aging tests directed toward revealing metallurgical 
changes which may occur and their effect on properties. 
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