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Scatter diagrams are a very useful technique for structure analysis of materials using EPMA map data.
We developed the "Phase Map Maker"”, an automatic scatter diagram analysis program for the JEOL
JXA-8230 / 8530F series EPMA. The "Phase Map Maker" was used in the analysis of hot-dip
galvanized carbon steel.

Hot-dip galvanizing is a widely used anti-corrosion technique. There are two beneficial anti-corrosion
characteristics of this galvanization process. One is that of a protective coating, in which the zinc layer
provides corrosion resistance. Another is that of sacrificial protection, in which the zinc provides a
galvanic protection of the iron when iron substrate is exposed locally.

A test piece of hot-dip galvanized steel was treated with a salt spray test. This treatment, according to
JIS Z 2371, is a neutral 5% aqueous sodium chloride solution sprayed 1008 hours at 35°C. The test
pieces from before and after the salt spray test were cut and made into polished cross sections. These
samples were analysed and confirmed to have a n layer (Zn), a { layer (FeZn;3) and a &, layer (FeZny),
which is the general structure of hot-dip galvanized steel [1]. A scatter diagram analysis was applied to
element maps from the two test pieces.

Figure 1 shows the analysed result of a sample before salt splay. The results show that the plating layer
is divided into two sub-layers, a zinc phase (n layer) and intermetallic compound phase. Quantitative
analyses indicate that the intermetallic compound phase is the { layer. Furthermore, the &, layer was
confirmed from line analyses focusing on the interface of the { layer and substrate. These results show
that most of the intermetallic compound is the  layer, while the 3, layer occurs at the interface with the
substrate.

Figure 2 shows the result for the test piece exposed to salt splay. The plating layer has separated into two
phases similar to the galvanized test piece, except the top layer of the salt-sprayed sample is an oxide
layer (Fig. 2a and 2b). A chemical bonding state analysis was done on this top layer. The Zn-L
spectrum of the top layer is consistent with that of the ZnO standard (Fig. 2c). In addition, quantitative
analyses of the layer produced atomic concentrations of Zn and O of nearly 1: 1. These results are both
consistent with a surface phase of ZnO.

There was no clear difference between the intermetallic compound layer of the salt sprayed, treated
sample and that of the untreated sample. On the other hand, it is worth to note that the n layer found in
the untreated sample disappeared in the treated sample, or the n layer has oxidized in the treated sample.

The scatter diagram analysis using "Phase Map Maker" has been found to be useful in the analysis of
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intermetallic compounds in hot-dip galvanized steel.
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Figure 1. Element maps (a) and phase map obtained by scatter diagram analysis (b) of an untreated
galvanized steel sample.
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Figure 2. Element maps (a), phase map obtained by scatter diagram analysis (b) and chemical bonding
state analysis result (c) of galvanized steel after being treated with a salt spray.

https://doi.org/10.1017/5143192761501082X Published online by Cambridge University Press


https://doi.org/10.1017/S143192761501082X

