
1034 TRANSACTIONS OF T H E ASME AUGUST, 1953 

ACKNOWLEDGMENT 

The authors are indebted to the Alloy Casting Institute and its 
various members for sponsorship and permission to publish this 
work. In particular, the authors would like to thank the Ameri-
can Brake Shoe Research Laboratory for many of the alloys used 
in this research. 

In the course of the many investigations throughout the years 
that this work has been under way, many engineers have assisted. 
They include Leroy Fink, Dean Burgan, Murdock LaChance, A. 
deS. Brasunas, and Justin Gehweiler. 

The authors would like to express their appreciation to the 
Publications Committee of the Alloy Casting Institute, and to C. 
H. Lorig and A. M. Hall of Battelle who reviewed the manuscript. 
They also are indebted to H. R. Ball for his part in preparing the 
graphs and figures. 

BIBLIOGRAPHY 

1 "Balancing the Composition of 25 Per Cent Chromium-
12 Per Cent Nickel Alloys," by J. T. Gow and O. E. Harder, Trans. 
American Society for Metals, vol. 30, 1942, pp. 855-919. 

2 "Engineering Properties of Heat-Resistant Alloys," by H. S. 
Avery, E. M. Cook, and J. A. Fellows, Trans. American Institute 
of Mining and Metallurgical Engineers, vol. 150, 1942, pp. 373-
400. 

3 "Cast 26 Per Cent Chromium-20 Per Cent Nickel Alloys," 
by H. S. Avery and C. R. Wilks, Trans. American Society for Metals, 
vol. 40, 1948, pp. 528 and 584. 

4 "The Occurrence of the Sigma Phase and Its Effect on Cer-
tain Properties of Cast Fe-Ni-Cr Alloys," by J. II. Jackson, Special 
Technical Publication No. 110, American Society for Testing Ma-
terials, vol. 51, 1951, pp. 100-127. 

5 "Resistance of Iron-Nickel-Chromium Alloys to Corrosion 
in Air at 1600 to 2200 F," by A. deS. Brasunas, J. T. Gow, and O. E. 
Harder, Proceedings of the American Society for Testing Materials, 
vol. 46, 1946, pp. 870-901. 

6 "On Heat and Sulfur-Resistant Alloys," by H. Gruber, 
Zeitschrift fur Metallkunde, vol. 23, 1931, pp. 151-157. 

7 "Behavior of Steel in Sulfur-Containing Atmospheres at 
Forging Temperatures," by D. W. Murphy, Trans. American 
Society for Steel Treating, vol. 21, 1933, pp. 510-529. 

8 "The Action of Oxygen and Hydrogen Sulfide Upon Iron-
Chromium Alloys at High Temperatures," by R. L. Rickett and 
W. P. Wood, Trans. American Society for Metals, vol. 22, 1934, pp. 
347-384. 

9 "Heat-Resisting Steels Under Attack by Hot Gases," by 
E. Houdremont and G. Bandel, Archiv filr das Eisenhiittenwesen, 
vol. 11, 1937, pp. 131-13S. 

10 "Scaling Properties of Steels in Furnace Atmospheres," by 
A. Preece and R. V. Riley, Steel Processing, vol. 31, 1945, pp. 311-
315. 

11 "The Catalytic Oxidation of Sulfur Dioxide on Metal Sur-
faces," by G. Tolley, Journal of Society of Chemical Industry, vol. 
67, 1948, pp. 369-373. 

12 "A Survey of High-Temperature, Gas-Atmosphere Corrosion 
of Iron-Nickel-Chromium Alloys," by J. T. Gow, Corrosion, vol. 3, 
1947, pp. 311-324, 383-405. 

13 "Methods of High-Temperature Oxidation Testing and 
Evaluation of Observations," by Carl Wagner—in "High-Tempera-
ture Properties of Metals," American Society for Metals, 1950, 
pp. 93-132. 

Discussion 
J. A. FELLOWS.' The topic of this paper is a subject of real and 

active interest to all engineers dealing with the problems of 
industrial design employing the heat-resistant-alloy grades. It is 
of particular interest as a supplement to the earlier paper8 re-
porting oxidation rates in the air at 1600 to 2200 F for a similar 
range of Fe-Cr-Ni compositions. There are a few points, how-

7 Research Metallurgist, American Brake Shoe Company, Mahwah, 
N.J. 

8 "Resistance of Iron-Nickel-Chromium Alloys to Corrosion in Air 
at 1600 to 2200 F," by Anton deS. Brasunas, James T. Gow, and 
Oscar E. Harder, Proceedings of the ASTM, vol. 46, 1946, pp. 870-901. 

ever, which the writer would like to make in what he hopes will be 
viewed as constructive criticism. 

The earlier paper was most concise in reporting the chemical 
analyses of the experimental alloys tested and their specific 
oxidation rates at each temperature. These values then were 
plotted on the ternary diagrams giving a complete display of how 
the contour lines had been constructed in representing constant 
corrosion-rate levels. The corresponding data are missing com-
pletely from the present paper, leaving us with no clue as to how 
many alloys were tested or as to the degree of consistency in corro-
sion-rate trends versus chemical composition. The background 
on which the corrosion-rate contours of the ternary diagrams were 
constructed is thus undefined. 

It long has been the writer's belief that one of the primary 
obligations in reporting scientific data is to provide sufficient in-
formation to enable other interested workers to repeat or check 
the results. It is regrettable that this is not possible with this 
paper. 

One of the interesting features of the paper on air-oxidation 
rates, was the inclusion of a set of graphs defining the trends in 
corrosion rate with increase of nickel content for each of five 
constant chromium levels. The writer would like to know 
whether a similar set of graphs could be prepared from the test 
results of the individual experimental heats used for this paper. 
This additional method of presentation has certain advantages in 
simplifying the task of appraising the influences of composition. 

Two typical flue-gas atmosphere compositions have been re-
ported on the basis of analysis of inlet and exit gases. The 
writer would like to know the degree to which the exit gases 
differed from the inlet compositions, if any such differences 
existed. The gas mixture reported as "reducing" appears at first 
inspection to be rather high in C0 2 and H 2 0. This gas would be 
both oxidizing and decarburizing to carbon steels at 1800 F. 
The behavior of the highly alloyed Fe-Cr-Ni grades admittedly 
will not necessarily follow the same pattern. It would be 
interesting to learn the basis on which this composition was 
termed reducing, especially since many of the photomicrographs 
reveal decarburization and, in some instances, show appreciable 
scaling. 

It also would be of interest to know whether any change in the 
state of the H>S occurred in passing through the test furnace. 
Did the authors check whether any appreciable fraction of H2S 
was converted to S02 and H 2 0 by the flue gas alone and if so, can 
they comment on the probable behavior of the alloys versus the 
residual content of HoS? In other words, would greater corrosion 
occur if the flue gas were more highly reducing, especially for the 
lower levels of H2S addition? 

The rather outstanding behavior of the HE grade in these tests 
would seem to deserve somewhat additional emphasis. For 
installations where high-temperature strength is not a principal 
requisite, the choice of this alloy merits special consideration for 
sulphur-bearing atmospheres. 

AUTHORS' CLOSURE 

Mr. Fellows' comments on this paper are appreciated. His 
concern about the omission of detailed data tabulations and data 
points on the various graphs is understood. However, the pur-
pose of this paper was to present the findings of this research in a 
concise form which would be of value to those who wished to use 
this information. The magnitude of this research can be ap-
preciated when it is noted that forty figures were required to pre-
sent the data collected. It is the authors' opinion, supported by 
the comments of other qualified metallurgists, that the purpose of 
the paper would have been defeated if the same data had been 
presented in several different forms. Complete test data are 
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available in the research reports in the files of all ACI member 
foundries. Others wishing to review these data at Battelle are 
welcome to do so. 

The terms "oxidizing" and "reducing" that were used to iden-
tify the atmospheres were intended to refer only to the presence of 
free O2 or CO in the inlet gases, and do not necessarily refer to the 
chemical effects of the gases on metals. It is well known in fuel 
technology that atmospheres produced by burning fuels with a 
deficiency of air may actually be oxidizing in their effect on 
metals. The ratios CO2/CO and H20/H2 in the water-gas shift 

reaction determine whether oxidizing or reducing conditions pre-
vail at various temperatures. 

With regard to H2S, the object in these tests was to introduce a 
typical reducing atmosphere containing sulphur into the 
furnaces. The reactions within the furnace would depend on the 
temperature and the reducing effect of the atmosphere. It is 
possible that under certain conditions, some of the H2S would be 
oxidized to S02 and H20. Tests were not made under the 
strongly reducing conditions that are required to prevent com-
pletely the oxidation of H2S. 
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