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Abstract 

Nano B2 FeCu ordered clusters and multiphase microstructure consisting of intercritical ferrite, 

tempered martensite and nano-γ phase (reverted austenite) were obtained by two-step heat treatment 

involving intercritical annealing and intercritical tempering. The experimental steel with nano Cu 

precipitates and nano-γ phase exhibited high strength and high ductility combination. The yield 

strength and total elongation of the experimental steel increased from 758 MPa and 16.8% to 984 

MPa and 29.5% after the second step intercritical tempering for 5 min. High resolution transmission 

electron microscopy (HRTEM) and three-dimensional atom probe (3DAP) studies provided evidence 

to support that high density of nano B2 FeCu ordered clusters contributed to high strength. First 

principle calculations suggested that the feasibility of B2 FeCu nano-ordered clusters, and the 

stability of B2 structure is related to the coherent stress field at the interface between clusters and the 

BCC-Fe matrix. The average size of B2 FeCu nano-ordered clusters was 4 nm with a lattice constant 

of 0.2893 nm and an orientation relationship of (1 1 0)B2∥(1 1 0)α and [0 0 1]B2∥[0 0 1]α. 9R Cu 

without twinned structure was discovered at different tempering times. The proportion of Cu in Cu 

precipitates varied from 24.4 at.% to 61.2 at.% with change in crystal structure and increase in the 
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