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Additive manufacturing of metallic components enables 

not only flexible design but also microstructural tailoring.

In this work, we present a methodology to fabricate a 

pure Ti plate featuring a sandwich-like hetero-lamel-

lar structure and a uniform chemical composition by 

integrating additive manufacturing (laser powder bed 

fusion) and conventional manufacturing. The resulting 

layered structure, as well as the gradient microstructure 

within the printed layers, induces distinct deforma-

The microstructure of 316L stainless steel produced by 

laser powder bed fusion (LPBF) is hierarchical, and on 

a fine scale, it contains cell structures and loose dislo-

cations. These microstructures govern the mechanical 

properties; it is therefore important to quantify them, un-

derstand their thermal stability and strengthening effect.

In this work, we annealed LPBF 316L samples at 500 °C, 

800 °C and 900 °C, and found significant dissolution of 

the dislocation cell structure at the latter two annealing 

temperatures. The elimination of the cell structure by an-

tion mechanisms across the plate thickness, thereby 

enhancing strain-hardening capacity compared with 

mono-structured Ti. The hetero-lamellar plate exhibits 

an outstanding combination of strength and ductility, 

achieving an exceptional uniform elongation of 27%.

This work offers a novel approach to producing hete-

ro-lamellar structures with enhanced properties and 

paves the way for process optimization through hybrid 

manufacturing.

nealing at 900 °C is accompanied by a 150 MPa decrease 

in yield strength, indicating a significant strengthening 

effect from the cell structure. An analysis based on crys-

tal plasticity simulations suggests that this corresponds 

to an increase in the critical resolved shear stress on 

the slip systems of 54 MPa, which is  consistent with an 

estimation of change in forest dislocation density.

This work highlights the significant role of cell structure 

in the microstructural engineering of metallic materials 

by additive manufacturing.

(a): Schematic diagram of 

the preparation strategy 

of the sandwich-like het-

ero-lamellar structured Ti 

plate. (b) Inverse pole figure 

coloring map showing the 

interface between the 

substrate plate of equiaxed 

grains and the printed layer 

of martensitic structure. 

(c) Room-temperature 

tensile properties of the 

hetero-lamellar Ti plate, 

the printed sample and the 

substrate plate.
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Microstructures of the 

as-printed (AP) and 900 °C 

heat-treated (HT) samples. 

(a, d) SEM images showing 

cells in the AP sample but 

none in HT sample. (b, e) 

TEM images showing the 

difference in the dislocation 

networks. (c, f) EBSD inverse 

pole figure coloring maps, 

with boundaries (>2°) over-

laid in black, showing similar 

grain structures in the two 

samples.
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