




2601

transmission electron microscopy (STEM) examinations 
and with an integrated X-ray spectrometer (manufactured by 
EDAX) for analysing chemical composition. Thin foils for 
TEM examinations were prepared by FIB (Focus Ion Beam). 
The foils were excised from a  pipe cross-section parallel to 
the pipe axis and perpendicular to the pipe surface. Chemical 
composition analyses were performed along straight lines 
perpendicular to the direction of cellular dendritic growth, in 
order to assess microsegregation. The analysis covered two 
interdendritic regions. Mo, Nb, Cr, and Ni distribution maps 
were collected for selected areas containing precipitations.

In order to determine the chemical composition of the 
precipitates appearing in the interdendritic regions, qualitative 
and quantitative point analyses were performed by means of 
X-ray spectroscopy with energy dispersion (SEM/TEM/EDS).

Additionally, the weld overlay matrix was dissolved by 
the electrolytic method and the resultant residue in the form 
of powder was subjected to quantitative analysis of chemical 
composition (SEM/EDS). Moreover, both the residue powder 
and the weld overlay were subjected to X-ray diffraction 
analysis (XRD). XRD examinations were performed by means 
of an Empyrean DY 1061 PANalytical X-ray diffractometer 
using Cu radiation. The analysis was carried out in the Bragg-
Brentano geometry. The sample subjected to XRD analysis 
was excised parallel to the pipe axis and perpendicular to the 
pipe diameter.

3.	 Results and discussion

A detailed discussion of microstructural zones appearing 
in weld overlays (the fusion zone, the partially mixed zone, 
the heat affected zone and the base material) and results of the 
analysis of chemical composition of particular weld overlay 
regions are presented in Ref. [9, 10].

Fig. 1 shows an example of weld overlay microstructure 
with a  marked line, perpendicular to the cellular dendritic 
growth direction. A local analysis of chemical composition 
was carried out along this line, in order to assess the 
microsegregation of elements during solidification process. 
The figure also shows diagrams of variations in the 
concentration (content) of the analysed elements – Mo, Nb, 
Cr, Ni and Fe (% by weight)  – along the above-mentioned 
line. Fig. 2 and Fig. 3 show maps obtained by SEM/EDS and 
TEM/EDS, respectively – of Mo, Nb, Cr and Ni distributions 
in the selected weld overlay region. An analysis of the 
chemical composition showed that during solidification the 
interdendritic regions - i.e. the regions between dendrite arms 
– were considerably enriched with Nb and less with Mo. The 
distribution of Cr and Fe in the weld overlay was relatively 
uniform. Similar distribution of elements in an Inconel 625 
weld overlay were obtained by Cieslak [11-13], DuPont [14-
16] and Silva [17]. The lighter regions on the Nb and Mo 
distribution maps (SEM/EDS) correspond to interdendritic 
regions enriched with Mo and Nb (Fig. 1). On the other 
hand, the very small, bright regions that are visible in the 
interdendritic regions on the Nb and Mo distribution maps 
(TEM/EDS) are considerably enriched with Mo and Nb, 
while they are also considerably depleted of Cr and Ni. These 
regions were identified as precipitates.

Fig. 1. Microstructure of the weld overlay (a) and the line profile of the 
Ni, Cr (b) and Mo, Nb, Fe (c) along the dashed line on microstructure

Fig. 2. The maps of particular elements distribution obtained by 
SEM/EDS












