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Supplementary Materials 

Thermal Analysis of Pec/CMC-based films 
The thermal analysis of the neat and nanocomposite Pec/CMC-based films was car-

ried out within a range 35 °C–150 °C to determine their moisture content. It has been re-
ported that the temperature dependent weight loss in the biopolymeric films below 150 
°C is due to the evaporation of moisture from the films, hence determines the moisture 
content of the films [1]. It can be seen from Figure S1, that the weight loss due to moisture 
evaporation from the solution cast films was more than that from the 3D-printed films. 
The weight of moisture lost from the films at 150 °C was found to be 14% and 13% for 
Pec/CMC-SC and Pec/CMC/ZnO-SC, respectively. On the other hand, 10% and 9% mois-
ture weight were lost for Pec/CMC-3D and Pec/CMC/ZnO-3D, respectively. This clearly 
indicates a higher moisture content in solution cast films than 3D printed films.  

Further, it can be seen that both types of ZnONPs incorporated films have a lower 
moisture content than the neat films. This indicates that the -OH groups in the polymer 
structure, which are responsible for interacting with water molecules and binding with 
them, may not be available to bind moisture when ZnONPs are incorporated. This con-
firms the presence of H-bonding between the nanoparticles and hydroxyl groups in pol-
ymer structure, thus occupying the free -OH groups. 

The moisture content in the films play a major role in affecting their physicochemical 
properties such as mechanical properties. Since bound moisture acts as a plasticizing 
agent [2], the TS of the films with more water content tend to be lower compared to those 
with less water content. 

 
Figure S1. (a) TGA and (b) DTG curves for Pec/CMC-based solution cast and 3D-printed films. 
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Figure S2. Digital images of Pec/CMC-based solution cast and 3D-printed films. 
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