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ence contrast (DIC) and by transmission electron microscopy 
JEOL JEM 1200 EX. SEM-investigations were conducted with 
the scanning electron microscope JEOL JSM-7600F equipped 
with Schottky field emission gun. The SEM conditions for 
the alloy element distribution measurements by EDS were set 
to an acceleration voltage of 20 kV and a working distance of 
15 mm. The friction welded samples were examined on their 
transverse section, polished and etched. 

3. Results and discussion

3.1. Metallographic examinations

The first metallographic tests performed on the opti-
cal microscope showed that the individual joint zones differ 
in their microstructure, Figure 7. The friction welded joint is 
characterized by a relatively narrow heat affected zone (zone 
of recrystallization) with a width of approximately 0.8 mm, 
Figure 8. A comparable width of HAZ over the entire radius 
of the connector indicates the correct ratio of rotational speed 
and welding time. The microstructure of the material adhering to 
the joint differs from the material after hydrostatic extrusion, but 
the bandwidth of degradation of the structure is relatively small.

3.1.1. SEM and TEM

SEM-investigation confirmed the changes of the original 
structure of UFG 316L in the obtained joint, Figure 9. In the low-
temperature HAZ, the material structure remains streaked (hy-
drostatic extrusion effect), however, the upsetting phase in fric-
tion welding process caused a change in the band’s arrangement 

– along the weld. In the friction weld, Figure 9b, the loss of the 
band structure and the strong grain refinement caused by defrag-
mentation of the grains by their mutual abrasion can be noticed. 

Fig. 7. M icrostructure of friction welded joint of 316L UFG steel, etched

Fig. 8. H AZ measurements in friction welded joint of 316L UFG steel, 
etched

Fig. 9. S EM in the LEI mode of the transverse section of the friction 
welded joint sample, a) mag. ×40, b) mag. ×250
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Fig. 11. TE M micrographs from transverse section a) of the transition zone of friction welded joint, b) of friction weld, with SAD pattern

Fig. 12. Li near distribution of microhardness in friction welded joint of 316L UFG steel

Fig. 13. Optic micrograph of fracture of sample after tensile strength tests, a) mag. ×50, a) mag. ×100




