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Abstract High-Manganese (Mn) austenitic steel, with over 24 wt% Mn content, offers outstanding mechanical properties in
cryogenic settings, making it a potential replacement for existing cryogenic materials. This high manganese steel exhibits high
strength, ductility, and wear resistance, making it promising for applications like LNG tanks, flanges, and valves. To operate in
cryogenic environments, hot forging and heat treatment processes are vital, especially in flange production. The cooling rate
during high-temperature cooling after hot forging plays a critical role in influencing the microstructure and mechanical
properties of high manganese steel. The rate at which cooling occurs during this process influences the size of the grains and the
distribution of manganese and consequently has an impact on mechanical properties. This study assessed the microstructure and
mechanical properties based on different cooling rates during the hot forging of High-Mn steel flanges. Comparing air and
water cooling after hot forging, followed by heat treatment, revealed notable differences in grain size. These differences directly
impacted mechanical properties such as tensile strength, hardness, and Charpy impact property. Understanding these effects is
crucial for optimizing the performance and reliability of High-Mn steel in cryogenic applications.
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Fig. 1. Schematic diagram and heat treatment process and cooling method.
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Fig. 2. The microstructure of hot-forged high-manganese flange according to the cooling method: (a) Air cooling (AC), (b) Heat treatment
after air cooling (AC/HT), (c) Water quenching (WQ), and (d) Heat treatment after water quenching (WQ/HT).
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(-180 °C) according to the cooling method.
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Fig. 8. Load-displacement curves obtained by the instrumented Charpy impact test at room temperature and cryogenic temperature of hot-

forged high-manganese flange according to the cooling method: (a) room temperature (20 °C) and (b) cryogenic temperature (-180 °C).

Table 1. Instrumented Charpy impact absorbed energy at room temperature and cryogenic temperature of hot forged high-manganese flanges.

Room temperature (20 °C)

Cryogenic temperature (-180 °C)

Prax Absorbed  Crack initiation ~Crack propagation Proax Absorbed  Crack initiation ~Crack propagation

(KN)  energy (J) energy (J) energy (J) (kN)  energy (J) energy (J) energy (J)
AC 36.3 232 100 132 41.8 107 55 52
ACHT  35.1 219 83 136 472 138 76 62
wQ 36.1 169 82 87 37.2 51 22 29
WQHT 372 196 80 116 46 120 55 65
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