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Figure S1 shows the cross-sectional hardness and martensite content along the depth 
at different treatment times. And by comparison, it is found that the cross-sectional hard-
ness of S10min sample is significantly different, and the surface martensite content is as high 
as ~74%. This provides a better preparation for obtaining 3D heterostructure by later an-
nealing. When the treatment time is extended, the hardness and martensite content of the 
core position will increase, which is not conducive to the structure of the gradient struc-
ture. Therefore, the 10 min processing time is selected as the As-SMATed sample here. 

 
Figure S1. (a) Cross-sectional hardness distribution. (b) Variation of martensite volume fraction along depth. Three types 
of gradient plates were symmetrically treated on both sides for 1 min, 5 min and 10 min, which are labeled as S1min, S5min 
and S10min samples, respectively. 

By annealing the as-SMATed samples at different temperatures for 10 s (Figure S2), 
it is found that the surface hardness of the sample will drop significantly when the tem-
perature rises to 900 oC. This indicates that the martensite recovers and the grains partially 
recrystallize on the sample surface at 900 oC. This is in line with the 3D heterostructure we 
want to construct, so 900 oC is chosen as the annealing temperature in the present investi-
gation. 
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Figure S2. The surface hardness of As-SMATed samples as a function of annealing temperature. 

With the extension of the annealing time, the surface hardness of the samples gradu-
ally decreases, indicating that the recovery of surface martensite and the number of re-
crystallized grains are increasing. When the annealing time is above ~25 s, the surface 
hardness tends to be stable and close to the core. In order to ensure the excellent mechan-
ical properties of the material, the annealing time 520 s was selected as the research ob-
ject. 

 
Figure S3. The surface hardness of As-SMATed samples as a function of annealing time. 

In Figure S4, austenite is the matrix, twins and ’-martensite are marked with blue 
and red arrows respectively, and -martensite is the green dashed part. 
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Figure S4. TEM image showing the austenite, twins, -martensite and ’-martensite of as-SMATed 
sample. 


