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FIGURE I. - I nclusions in steel 11. 

A, Typical AhO, str ingers and occasionallarge inclusio ns. X 1 00; B. appeRranee of one of thc large incl usions 
at h igher magnification , X500. 
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FlGURE 2.- Inclusions in 18- 8 steels. 
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A, T ypical ap pearance of steels 7 to 10, in clush·e. XIDO; B. inclusion band in steel 13, XlOO; C, elongated 
incl usions in steel 14, X l00. 
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exposing the underlying iron. Identification of the large inclusions, 
by means of Campbell and Comstock's procedure as modified by 
Wohrman [7], was not conclusive.2 They were not attacked by 10 
percent nitric acid in alcohol nor by 10 percent chromic acid in water. 
They were slightly attacked by boiling alkaline sodium picrate, but 
subsequently were unaffected by a saturated solution of stannous 
chloride in alcohol. After a final treatment with hydrofluoric acid, 
which attacked the inclusions slightly, an attempt to repolish the 
specimen was made but was unsuccessful. The large inclusions evi­
dently had been loosened by the various etchants and could not be 
retained in the specimen during repolishing. 

These observations, together with the refractory composition evi­
denced by the failure to be elongated by previous work, suggest that 
the inclusions are rich in alumina, perhaps with small amounts of MnO 
and Si02 present. Furthermore, some of the large inclusions were 
intimately associated with groups or stringers of typical Al20 a inclu­
sions; in one case a stringer of Al20 a appeared to be a tapering tail 
attached to one of the large inclusions. On the other hand, the 
appearance of the large inclusions differed from that of the small 
inclusions that are generally typical of Al20 a. However, Al20 a inclu­
sions of this size have not been generally observed nor widely studied. 
It is · possible that the appearance of an AbOa particle of this size 
would differ appreciably from the appearance of the same material 
in a very fine state of subdivision. 

It should be mentioned that the material for sample 11, and the 
other samples identified in table 1 as Standard Samples, waf:> obtained 
from the cores that remained after most of each billet had been 
removed. Obviously any segregation in the ingot would be concen­
trated and intensified in the core. The micrographs shown in this 
paper represent the waste material that was not used in the prepara­
tion of standard samples; they do not represent the structure of the 
material actually used in the preparation of the Standard Samples 
issued by this Bureau. 

The explanation for the low results for oxygen in steel 11, by both 
methods, presumably is found in the nature and size of the inclusions. 
It is known that reduction of AbOa, particularly in large particles, is 
relatively slow in the vacuum-fusion procedure and that low recoveries 
of oxygen may be obtained from samples that, in addition to Al20 a, con­
tain appreciable amounts of volatile metals such as manganese or 
aluminum. The low recovery of oxygen from steel 11, by the vacuum­
fusion method, apparently illustrates interference by aluminum 
vapor coupled with slow reduction of the large particles of Al20 a. 
If particles of A120 a are reduced only slowly at 1,650° C, in the vacuum­
fusion procedure, it would be expected that they would be reduced 
more slowly or not at all at 1,200° C, in the hydrogen-reduction 
procedure. The Al20 a that exists in this steel evident.ly is not reduced 
by the hydrogen-reduction procedure. 

The data for steel 12 also illustrate the interference of metal vapors, 
manganese in this case, in the operation of the vacuum-fusion method. 
Although this steel presumably was killed with aluminum (the total 
Al content is 0.02 percent), residue analyses show only 0.004 percent of 
Al20 a, equivalent to 0.002 percent of oxygen. Apparently oxides 

I The preparation of metallographic specimens and the identification of inclusions were conducted by 
O. A. Ellinger and J. S. Acken. 
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other than A120 3 are present in this steel and are reduced in both 
analytical procedures. In the vacuum-fusion procedure a secondary 
reaction with manganese vapor probably interfered with the recovery 
of the evolved oxygen, whereas the hydrogen-reduction procedure was 
not subject to this interference. This steel furnishes an unusual 
example in that the hydrogen-reduction results are higher and prob­
ably more nearly correct than the vacuum-fusion determinations. 

For steels 13 and 14, both of the 18-8 type, unsatisfactory and er­
ratic results were obtained, particularly by the hydrogen-reduction 
method. This is in distinct contrast to the results obtained for steels 
7 to 10, where both analytical methods yielded satisfactory results of 
a high degree of precision. However, microscopic examination fur­
nishes a clue to this variation in behavior of different steels of the 
same general type. Figure 2(A) is typical of the appearance of steels 
7 to 10, inclusive, for which satisfactory analytical results were ob­
tained. There are occasional oxide stringers, but most of the in­
clusions are very small and are uniformly distributed throughout the 
specimen. On the other hand, steel 13 contained broad bands of 
oxide inclusions, many of them of appreciable size, as is illustrated in 
figure 2 (B). This condition could account for the low and somewhat 
erratic recoveries of OAJgen by the hydrogen-reduction method be­
cause of slow and incomplete reduction of the large oxide particles. 
The values obtained by the vacuum-fusion procedure are higher and 
probably approximate more closely the true oxygen content of the 
steel. 

For steel 14, the low and erratic results by the hydrogen-reduction 
method apparently are associated with the presence in this steel of 
elongated inclusions, probably silicates, illustrated in figure 2(C). It 
is obvious that, in the preparation of the very fine millings required in 
the hydrogen-reduction procedure, brittle inclusions of the type and 
size shown in figure 2(C) could be shattered and lost. Two of the 
determinations by the hydrogen-reduction method indicated 0.015 
and 0.016 percent of oxygen, respectively, in fairly good agreement 
with the vacuum-fusion values. These two determinations probably 
were made on samples in which the inclusion material had been 
completely retained; the low and erratic values by the hydrogen­
reduction procedure probably result from the loss of brittle inclusion 
material during the preparation of the finely milled sample. In the 
large, solid samples used in the vacuum-fusion procedure, there is less 
danger of loss of brittle inclusions. The higher and more consistent 
results by the vacuum-fusion procedure probably are better approxi­
mations of the oxygen content of this steel. 

IV. SUMMARY 

Agreement in results for oxygen in alloy steels, obtained by two 
independent methods of analysis, is evidence of the accuracy of the 
results obtained from a majority of the steels. It is known that either 
method, under certain conditions, may yield low results for oxygen. 
Consequently, if results by the two methods are not in agreement, the 
higher values are probably more nearly correct. 

The vacuum-fusion method has been shown to yield accurate results 
for the oxygen contents of a number of alloy steels, representing a 
wide range in composition and type. Low recoveries of oxygen were 
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obtained from certain alloy steels because of interference by vapors of 
aluminum or manganese, particularly when the steels also contained 
difficultly reducible oxides. The evidence of the present work is that 
the vacuum-fusion method is equally applicable to, and is subject to 
the same limitations in, the analysis of alloy steels and of simple, 
plain carbon steels. The presence of the common alloying elements or 
their oxides does not present added difficulty in the operation of the 
vacuum-fusion method. 

The hydrogen-reduction method likewise yields accurate results for 
a number of alloy steels. However, the precision of this method is 
not as good and the range of applicability is not as great as that of the 
vacuum-fusion method. Low recoveries of oxygen are obtained by 
the hydrogen-reduction method when appreciable quantities or large 
particles of Al20 a are present; low and erratic results may be obtained 
when large inclusions other than Al20 a are present. On the other 
hand, the hydrogen-reduction procedure is not as susceptible to 
manganese interference as i,s the vacuum-fusion procedure. 

V. REFERENCES 

[1] Trans. Am. Inst. Mining Met. Engrs. 125, 246 (1937); J. Research NBS 18, 
259 (1937) RP976. 

[2] J. Research NBS 21, 79 (1938) RPl114. 
[3] Jernk. Ann. 115, 549 (1931). 
[4] Trans. Am. Inst. Mining Met. Engrs. 113, III (1934). 
[5] BS J. Research 7, 375 (1931) RP346. 
[6] Trans. Am. Inst. Mining Met. Engrs. 113, 61 (1934). 
[7] Metals Handbook, p. 561 (1936). 

WASHINGTON, April 22, 1938. 


