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Abstract: In view of the complex service environment of the electrode in the Joule furnace for vitrification, to ensure the
microstructural uniformity and performance stability of the 690 alloy electrode material, the effects of isothermal heat treat-
ment temperatures (600 °C, 800 C, 1000 °C, 1100 °C, and 1200 °C) on the microstructure including austenite grain
size and carbide dissolution, as well as mechanical properties of the alloy were investigated using testing methods such as
optical microscopy (OM) , scanning electron microscopy (SEM), and room-temperature tensile test. The results show that
the austenite grain size of the 690 alloy increases with the rise of temperature. From 600 “C to 1 000 °C, the grain growth is
slow, and the average grain size increases from 48. 13 pm to 64. 37 pm. At 1 100 °C, the grains coarsen sharply, with the
average size increasing to 225. 21 wm, and further coarsening to 254. 72 wm at 1 200 °C. The isothermal temperature sig-
nificantly affects the composition, quantity, and distribution of the second phase. Between 600 C and 800 C, a large
number of second phases are distributed at the grain boundaries and within the grains of the alloy; the main phase at the
grain boundaries is M23Cs, while the dispersed granular second phases are a mixture of M23Cs and Ti(CN). When the tem-
perature exceeds 1 000 ‘C, the second phase at the grain boundaries basically disappears, and only a small amount of
granular second phase remains in the matrix, and the titanium content decreases. Temperature variation mainly affects the
tensile strength and reduction of area of the alloy. The tensile strength decreases with increasing temperature ; when the
temperature rises from 1 000 ‘C to 1 100 ‘C, the tensile strength drops significantly from 638 MPa to 587 MPa, which is
mainly attributed to the sharp coarsening of grains leading to a reduction in the grain refinement strengthening effect. The
reduction of area shows a "first increase then decrease" trend, reaching a peak value of 78. 5% at 1 000 °C. This study pro-
vides an experimental basis for the optimization of the solution treatment process of the 690 alloy used in the electrodes of
joule furnaces for vitrification.
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Fig. 2 Statistics results of grain size of 690 alloy : (a) proportion of grain size, (b) average grain size
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Fig. 3 The distribution of the second phase in the microstructure at different temperatures :
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Fig. 4 Component analysis of typical insoluble phases in 690 alloy at different temperatures :
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Fig. 5 Mechanical properties of the 690 alloy : (a) trend chart of strength variation, (b) trend chart of plasticity variation
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