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Supplementary information

Qualitative assessment of shape memory behaviour of PLA sheets.

The shape memory behaviour of PLA films was qualitatively assessed under dual-
shape effect using thermal-activated conditions. For this purpose, PLA sheets with a thick-
ness of 100, 250 and 500 pm were firstly shaped into a semi-hexagonal shape (to simulate
the behaviour that honeycomb core would have) by hot-press moulding. To carry out the
thermal-activation shape memory test, two cycles were performed (programming and re-
covery cycle). The switching transition temperature (Twas) was set at 70 °C (10 °C above
the Tg, but remarkably below the cold crystallization process); this temperature will de-
termine both the programming and recovery cycle [1-3]. The scheduled cycle was the fol-
lowing. In a first stage, PLA sheets were heated above the corresponding Tuans, in a hot
press for 2 min (stabilization time) and were allowed to get the semi-hexagonal shape by
constant-stress. After that, the semi-hexagonal-shaped sheets were cooled down to room
temperature (= 25 °C) maintaining the compression stress; the temporary shape was
reached when the external stress was released. The recovery cycle was carried out by plac-
ing the semi-hexagonal shaped sheets into a pre-heated oven at Ttans (70 °C) for 2 min
(stabilization time). Finally, the shape memory recovery state was visually observed. At
least 3 tests for each film were performed to obtain reliable data.

Results and Discussion

The shape memory behaviour of PLA-based sheets could be interesting for widening
the potential use of PLA-based honeycomb cores. Qualitative assessment of the shape
memory behaviour of PLA semi-hexagonal sheets was carried out by one-way dual shape
effects (DSE). This effect defines that the film can reach only its original shape (flat film)
after a temporary shape has been achieved (semi-hexagonal shape) when an external stim-
ulus is triggered. As can be seen in Figure S1, the recovery of the original shape is pushed
by the entropic elasticity of the polymer network. In the first stage (0 s) the sheet still has
its temporary semi-hexagonal shape. At this stage, it has not been exposed to any external
stimulus yet, that would make it recover its original shape. After heating the semi-hexag-
onal sheets (temporary shape) at the Tirans (70 °C), the polymer chains try to return to the
rubber-elastic state distinguished by the change of geometry in the films. This phenome-
non can be clearly seen after 30 seconds at 70 °C. Obviously, the sheet thickness plays an
important role in this recovery. The thinner the thickness, the faster the recovery as can
be seen for sheets with 100 and 250 pum. Unlike, the 500 um sheet that does not offer any
change in its geometry (recovery). The recovery for the 500 um sheets triggers after 90 s
at 70 °C. At this recovery time the 100 pum sheet, has practically recovered its original flat
shape. After 2 minutes, it is clear that the 100 and 200 um sheets have recovered their
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original flat shape. Unlike the 500 pm sheet may need more exposure time to temperature
to fully recover the initial flat shape.

Anyway, it could be observed the excellent shape memory behaviour that PLA offers,
which is better for low thickness sheets. PLA is one of the materials that due to its semi-
crystalline structure has an excellent shape memory capacity because the combination of
both crystalline and amorphous phases. The crystalline phase is responsible for setting
the temporary shape while the amorphous phase acts as a switching phase [1]. If PLA
shape is changed at high temperatures (above its glass transition temperature), the crys-
talline domains of PLA have greater mobility. These act as physical cross-linking points,
making the acquired temporal shape to be stable (in this case, maintaining the semi-hex-
agonal shape). On the other hand, at this temperature the recovery capacity of the material
is reduced. In this case, increasing the recovery time, this can be attributed to the high-
tension energy accumulated by the sheet deformation and the loss of entropy, resulting
from the cooling process [4]. In previous studies [5], and some research works as the one
carried out by Leonés et al. [6], they reported that the addition of plasticizers such as lactic
acid oligomer (OLA) to PLA, helped to improve the shape memory capacity of plasticized
PLA by adding up to 20% OLA. They reported a remarkable decrease in recovery time to
10 s. In addition, OLA plasticizer lowers the glass transition temperature T. This temper-
ature is usually used as a transition temperature in shape memory studies and can drop
to 35 °C. Continuous research is being carried out in the field of PLA shape memory be-
haviour by blending. Peponi et al. [7] reported the shape memory behaviour of PLA and
polycaprolactone (PCL) blends where the PLA acts as the element that fixes the temporary
form, and the crystalline PCL works as the switch segment. The excellent ability of the
material to both set the temporary shape and return to its original form was observed,
presenting recovery percentages above 90%, which could be an interesting feature in 3d-
printed materials, packaging, and medical devices [8].

Film thickness (um)
250

Figure S1. Visual illustration of the qualitative shape memory evaluation in the recovery cycle of PLA films with different
thicknesses: 100 um (left column), 250 um (middle column), and 500 um (right column).

In addition, it was possible to observe the excellent shape memory capacity of PLA;
since the analyzed films completely recovered their original shape, having a better effect
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on the thinner sheets, which translates into shorter recovery times. This opens new possi-
bilities for PLA-based honeycombs since it is possible to tailor the geometry by triggering
geometry changes using temperature.
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