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Figure S1. Full Fourier-transform infrared (FTIR) data of lignin, PEO, TTE, and lignin-modified 

PEO composites with varying PEO concentrations (40 wt.%, 64 wt.%, and 88 wt.%). 
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Figure S2. Thermal distribution images of the lignin-modified PEO composite PCM with 40 wt.% PEO 

concentration at 17.5 W power input. (a) Infrared (IR) camera images. (b) Conventional camera images. 
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Figure S3. Thermal distribution images of the lignin-modified PEO composite PCM with 88 wt.% PEO 

concentration at 17.5 W power input. (a) Infrared (IR) camera images. (b) Conventional camera images. 
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Figure S4. Images of pure PEO sample before and after heat exposure. The “Before” image 

shows the initial structural integrity of the pure PEO sample, while the “After” image illustrates 

its deformation following thermal exposure. This demonstrates pure PEO's susceptibility to 

losing its form under elevated temperatures, supporting the necessity of structural enhancement 

through lignin modification, as discussed in the main text. 



6 
 

 
Figure S5. Differential Scanning Calorimetry (DSC) curves of pure PEO and lignin-modified 

PEO composites (40 wt.%, 64 wt.%, and 88 wt.%) from the first additional set of experiments 

conducted to validate the specific heat and heat flow characteristics as functions of temperature. 
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Figure S6. Differential Scanning Calorimetry (DSC) curves of pure PEO and lignin-modified 

PEO composites (40 wt.%, 64 wt.%, and 88 wt.%) from the second additional set of experiments 

conducted to further confirm and complement the previous measurements. 


