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Effect of Smelting Process on the Microstructure and
Properties of 23MnNiMoCr54 Mining Round Chain Links
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Abstract: Through Rockwell hardness testing, EBSD, XRD, TEM characterization and other methods, the differences in
hardness and microstructure between German and domestic 23MnNiMoCr54 chain link steels were revealed. The results
show that the German chain link has higher residual elements Cu and N due to the all-scrap-electric furnace smelting pro-
cess, with an average hardness of 41. 32HRC and a range of only 0. 8SHRC, showing the highest average hardness and the
smallest hardness fluctuation. The high N content leads to an increase in the density of precipitated phases, which refines
the original austenite grains to 13. 66 wm through the Zener pinning effect and increases the proportion of high-angle grain
boundaries to 38. 3%. These factors synergistically hinder the movement of dislocations, resulting in the highest hardness
of the German chain link. During the medium-frequency quenching process, after the surface temperature of the workpiece
exceeds the Curie temperature, the surface eddy current density increases and the austenitization temperature becomes
higher, leading to the coarsening of the original austenite grains and an increase in dislocation density at the edges of both
German and domestic chain links. This study provides a theoretical basis for the upgrading of smelting processes and heat
treatment technologies for domestic mining chain links, and it is of great significance to promote the process of domestic
substitution of key parts and components of mining equipment.
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Table 1 Comparison of chemical composition (mass fraction) of 23MnNiMoCr54 mining chain links between domestic and

international standards %
95 C Si Mn Cu Ni Cr Mo Al S P N

HNA 0.22 0.20 1.27 0.07 1.00 0.51 0.55 0.030 0.004 0.009 0.004 4

[E N B 0.23 0.20 1.22 0.01 1.04 0.55 0.56 0.030 0.003 0.007 0.006 5

THE C 0.24 0.18 1.27 0.11 0.97 0.53 0.56 0.030 0.007 0.006 0.010 3
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Fig. 2 Sample hardness test results
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Fig. 3 OM images of prior austenite grains :

(a) outer region, (b) center region, (c¢) inner region of domestic A sample; (d) outer

region, (e) center region, (f) inner region of Domestic B sample; (g) outer region, (h) center region, (i) inner region of German C

sample.
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Fig. 4 Original austenite grain size variation trends
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Fig. 5 SEM micrographs: (a) domestic sample A, (b) domestic sample B, (¢) German sample C

| I Bt

[
=]

10 1.5
ARRR T pm

0.568
2 -
. -5 s

0.5 2.0 2

10 15
AR/ o m

5 0 0.5 20 25

1.0 15
SRR pm

K6 IPF [ KM 5 G LIRS A 18T - (a) ()P ARERD 5 (b) (e) I BAER; (o) (DFEE CHAEdh

Fig. 6
German sample C

IPF maps and lath width frequency distribution histograms: (a, d) domestic sample A; (b, e) domestic sample B; (c, f)
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Fig. 7 XRD diffraction map of samples A, B, and C: (a) domestic sample A; (b) domestic sample B; (¢) German sample C
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