
 

Figure 5. SEM Micrographs of Impact test specimens. 

Analysis of the specimens via X-Ray diffraction revealed that all specimens of various 
PLA:SEBS compositions are amorphous in the as-printed state. The key indicator of this material 
�S�U�R�S�H�U�W�\���L�V���W�K�H���D�P�R�U�S�K�R�X�V���K�D�O�R���S�U�H�V�H�Q�W���V�S�D�Q�Q�L�Q�J���U�R�X�J�K�O�\���������D�Q�G���������G�H�J�U�H�H�V���R�Q���W�K�H���������V�F�D�O�H�� The 
halo is less prominent for the 5% rubber content blend. A noteworthy observation made in this 
study was that the blend systems containing 5%, 25% and 50% rubber exhibited crystallinity after 
DMA testing as indicated by the peaks. PLA alone is known to be heat-treatable to the point of 
inducing crystallinity (Rocha Gutierrez, 2016) so at this point, it is unclear as to why only the 5%, 
25% and 50% rubber content blends are crystallized by the DMA testing. The XRD spectra is seen 
in Figure 6. 
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Figure 6. XRD Spectra for the PLA:SEBS blends. 

Initial efforts at determining the shape memory properties of the PLA:SEBS material 
system are limited, however, our initial findings using tensile specimens with a composition of 
25% SEBS demonstrated strong shape recovery ratios ( ), and shape fixation ratios ( ) as seen 
in Table 2. The specimen was elongated at room temperature to 100% elongation and then the load 
was released to record the  
temperature) in an oven for five minutes, removed, let to cool to room temperature, and then the 

 value was recorded. The sequence of events is seen in Figure 7. Our testing revealed the 
PLA:SEBS blend at the 75:25 ratio to have  values of 88% and  values of 97% 

 

Figure 7. The shape memory testing process.

 852

6000 

5000 
- S"SEBS 

- S" SEBS-DMA 
4000 

~ 
'al 
~ ]0)0 

! 
2000 

1000 

0 
6 26 46 66 86 

2Theta (degree) 

!2500 - 25%SEBS 

!0500 -25% SEBS-OMA 

l: 8500 
.ii 
C 
GI 6500 
£ 

4500 

2500 

500 
6 26 46 66 II 

2Theta (degree) 

25mmgage 
length(GL) 
before loading. 

!I 2smm I 

l: 

7500 

6500 

5500 

-~ 4500 
GI s 3500 

~ 
'vi 
C 
Cl 

! 

2500 

1500 

500 
6 

18500 

16'SOO 

14500 

12500 

lCIIOO 

g500 

6500 

4500 

2500 

500 

47.09mmGL 
after axial 
loading. 

1125mm I 

- 10%SEBS 

- 10% SEBS-OMA 

26 '6 66 86 

2 Theta (degree) 

- 50%SEBS 

- 50% SEBS-OMA 

26 46 66 86 

2Theta (degree) 

25.77 mm after 
recovery 

!I 25mm I 



Conclusions 

 The combination of PLA with the thermoplastic rubber SEBS at different weight ratios 
yields a material system compatible with desktop-grade FDM™-type additive manufacturing 
platforms. Though, at this point in time data related to the shape memory characteristics is 
extremely limited, the blend of 75:25 PLA:SEBS yields a material that can be deformed at room 
temperature to a temporary shape and then recovered to nearly the original shape by heating at the 

 80°C. Impact resistance of the PLA:SEBS system increases at loadings 
higher than 10% SEBS. The DMA testing process seems to induce crystallinity for some of the 
PLA:SEBS blends.  

Future Work 

 Previous work carried out by our lab as presented by Chávez et al. (Chávez et al., 2018) 
serves as a template for future research activities. Pertinent future work includes assessing the 
effect of raster pattern on shape memory properties as characterization of the polymer phases 
present in the blends trough scanning transmission electron microscopy (STEM). Additionally, 
deformation at elevated and sub-zero temperatures will be performed as our prior work has shown 
that deformation temperature changes which shape memory parameter,  or  dominates the 
overall shape memory performance. We will also be comparing this results to a PLA with TPU 
blend that also yields printable material.  
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