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Possible pitfalls when preparing the grade database
For most of the grades a defined chemistry exists, which is compiled in data bases like the ‘key to steel’ or electronic versions like the ‘GRADE Database’ 
supplied by Hitachi. The ranges for each element of a particular grade could be easily copied from such a database into the grade library of the analytical 
instrument. In order to avoid later trouble with the recognition of grades the following notes should be considered:

An alloy is defined by tolerances in the concentrations of its elements because the accuracy in melting all elements together is of course limited.  
Often information are only given for certain key elements, others are not defined although the knowledge about their concentration level would be crucial. 
This could lead to an apparently wrong grade identification calculated by the grade ID software of the instrument.

Usually the algorithms of this module work the way that it ignores elements with no information at all. As a consequence the measured concentration of such 
an element has no influence on the grade identification process.

As an example a common issue:

1.4301 X5CrNi18-10 AISI 304 1.4401 X5CrNiMo18-10-2 AISI 316

Corrosion resistant steel Corrosion and acid resistant steel

C < 0.07% < 0.07%

Si < 1% < 1%

Mn < 2% < 2%

Cr 17-19.5% 16.5-18.5%

Ni 8-10.5% 10-13%

Mo (no entry) 2-2.5%

Because there is no entry for Mo for the grade 304 it is likely that there will be also no data in the instrument’s library. This has the effect that Mo will be 
ignored and a 316 will be displayed as a 304. It is even more confusing the usually the “wrong” grade 304 is prior from its alphanumerical order than the 316 
and will be found ranked first place!

Obviously it is necessary to deliver tolerances also for those elements not mentioned in the regular available data base. In our case it is useful to add for Mo 
an upper tolerance limit of approximately 0.5% for the 304 in order to avoid a mix-up. It is reasonable to estimate that no steel producer wastes precious Mo 
in a 304 grade.

An even more drastic example using the S355 J2 G3 grade definition:

C < 0.22% P < 0.04% Si < 0.55%

Mn < 1.60% S < 0.04% Al > 0.02%

In case these ranges will be used without a modification it is evident that a lot of material would fit into this definition. Even high alloyed steels like 304 would 
comply and lead to a significant mismatch. Therefore it is necessary to modify the instruments grade table and introduce limits for Cr and Ni (e.g. 5%) in 
order to avoid a mix with high alloyed steel grades.

CONCLUSION:
Wrong grade identification must not be necessarily a mistake in the analysis or grade-ID of the instrument, but often results from an inadequate definition of 
individual grades. Because of a more consistent definition of all alloying elements and less overlapping between grades this problem is less present in other 
metal bases like Ni, Cu, Al etc.
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