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Abstract 
This paper investigates the effects of activated treatments on the electro-induced shape memory 

response of shape memory polymers (SMPs) and shape memory alloys (SMAs). By applying specific 

physical or chemical treatments, we aim to enhance the materials' sensitivity and responsiveness to 

electrical stimuli, improving their performance in applications ranging from biomedical devices to 

adaptive structures. The study systematically characterizes the electrical actuation behavior, including 

the efficiency of shape recovery, the speed of response, and the durability of the shape memory effect 

under various treatment conditions. 
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Introduction 

The introduction provides an overview of shape memory materials (SMMs), emphasizing 

their significance in smart material applications due to their ability to return to a 

predetermined shape when exposed to a stimulus, such as temperature, light, or electricity. 

This paper focuses on the electro-induced shape memory response, highlighting the potential 

for precise control and activation in applications requiring remote or wireless actuation. The 

rationale for investigating activated treatments is to explore avenues for enhancing the 

electro-responsive behavior of SMMs, potentially leading to materials with faster response 

times, higher shape recovery strength, and improved cyclic stability. 

 

Objectives 

 To evaluate the impact of various activated treatments on the electro-induced shape 

memory behavior of SMPs and SMAs. 

 To identify the treatment that offers the most significant improvement in terms of 

response speed, efficiency, and durability of the shape memory effect. 

 

Materials and Methods 

The methodology used in this study involves applying activated treatments (such as surface 

grafting, nanoparticle doping, annealing, and mechanical stretching) to shape memory 

polymers (SMPs) and shape memory alloys (SMAs), followed by evaluating their electro-

induced shape memory response through measurements of response speed, recovery 

efficiency, and cyclic durability using Atomic Force Microscopy (AFM) and other relevant 

testing equipment. 

The materials used in this study include shape memory polymers (SMPs) and shape memory 

alloys (SMAs). Specific treatments to enhance their electro-induced shape memory response 

were applied, such as: 

 Surface Grafting on SMPs to improve electrical conductivity and surface properties. 

 Nanoparticle Doping of SMPs with conductive materials like carbon nanotubes (CNTs) 

to enhance electrical response and mechanical properties. 

 Annealing of SMAs to optimize their crystalline structure and improve their shape 

memory and mechanical properties. 

 Mechanical Stretching of SMAs to align their internal structure and enhance their shape 

memory response. 
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Results and Discussion 
 

Table 1: Overview of Sample Treatments and Characteristics 
 

Sample ID Material Type Activated Treatment Conductivity (S/m) Treatment Details 

A1 SMP None (Control) 0.01 - 

A2 SMP Surface Grafting 0.05 Grafted with conductive polymers 

A3 SMP Nanoparticle Doping 0.1 Doped with carbon nanotubes (CNTs) 

B1 SMA None (Control) 1.0 - 

B2 SMA Annealing 1.2 Annealed at 500°C for 2 hours 

B3 SMA Mechanical Stretching 1.1 Stretched to 5% strain and released 
 

Table 2: Electro-Induced Shape Memory Response 
 

Sample ID Response Speed (s) Recovery Efficiency (%) Cyclic Durability (Cycles) 

A1 30 90 100 

A2 20 95 150 

A3 15 98 200 

B1 10 99 500 

B2 8 100 550 

B3 9 99 530 

 

 
 

Graph 1: Response Speed vs. Treatment 

 

 
 

Graph 2: Recovery Efficiency and Cyclic Durability
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Analysis of Response Speed 

The graph of response speed versus treatment shows a clear 

trend: activated treatments significantly reduce the response 

time in both SMPs and SMAs. Specifically: 

 SMPs treated with surface grafting and nanoparticle 

doping (A2 and A3) exhibited faster response times 

(20s and 15s, respectively) compared to the untreated 

SMP (A1, 30s). This suggests that the incorporation of 

conductive materials (e.g., conductive polymers, carbon 

nanotubes) enhances the electrical conductivity and 

thus the efficiency of heat transfer within the material, 

leading to a quicker shape memory response. 

 Among SMAs, annealing (B2) and mechanical 

stretching (B3) also improved response speed (8s and 

9s, respectively) compared to the untreated sample (B1, 

10s). These treatments likely modify the internal 

structure of the alloy, possibly refining the grain size or 

aligning the crystal structure in a way that facilitates 

faster actuation under electrical stimuli. 

 

Analysis of Recovery Efficiency and Cyclic Durability 

The combined graph for recovery efficiency and cyclic 

durability illustrates that: 

 SMPs show a marked improvement in both recovery 

efficiency and cyclic durability with activated 

treatments. The highest recovery efficiency (98%) and 

cyclic durability (200 cycles) were observed in the 

sample doped with carbon nanotubes (A3), indicating 

that such treatments not only enhance the material's 

electrical response but also its ability to consistently 

recover its shape and withstand repeated cycling. 

 SMAs generally exhibit high recovery efficiency and 

cyclic durability, with annealed samples (B2) achieving 

the highest recovery efficiency (100%) and cyclic 

durability (550 cycles). This enhancement can be 

attributed to the annealing process, which may help in 

relieving internal stresses and improving the uniformity 

of the shape memory effect across the material. 

 

General Observations 

 Activated Treatments Enhance Performance: Across 

both SMPs and SMAs, activated treatments improve 

response speed, recovery efficiency, and cyclic 

durability. This indicates that such treatments are 

effective in enhancing the electro-induced shape 

memory response, likely through modifications to the 

material's microstructure, conductivity, and mechanical 

properties. 

 Trade-offs and Optimization: While all treated 

samples show improvements, the degree of 

enhancement varies, suggesting a need for optimization 

based on specific application requirements. For 

instance, if the fastest response is crucial, nanoparticle 

doping in SMPs and annealing in SMAs might be 

preferred. Conversely, for applications requiring high 

durability, the choice of treatment might differ. 

 Material-Specific Responses: SMPs and SMAs 

respond differently to treatments, highlighting the 

importance of material-specific strategies to achieve 

desired outcomes. While SMP improvements are 

significant, SMAs already exhibit high performance, 

with treatments offering marginal but still meaningful 

enhancements. 

 

Conclusion 

The study on the "Impact of Activated Treatment on the 

Electro-Induced Shape Memory Response" provides 

compelling evidence that activated treatments significantly 

enhance the performance of shape memory materials 

(SMMs), specifically shape memory polymers (SMPs) and 

shape memory alloys (SMAs). Through comprehensive 

experimental analysis, evidenced by the response speed, 

recovery efficiency, and cyclic durability data, it is clear that 

treatments such as surface grafting, nanoparticle doping, 

annealing, and mechanical stretching can markedly improve 

the electrical responsiveness and functional durability of 

SMMs. 

Activated treatments effectively reduce the response time of 

SMMs to electrical stimuli, making them more suitable for 

applications requiring rapid actuation. Additionally, these 

treatments enhance the recovery efficiency of SMMs, 

ensuring that they return more completely to their original 

shape and maintain this ability over a greater number of 

cycles. This improvement in cyclic durability extends the 

functional lifespan of SMMs, contributing to more 

sustainable and cost-effective solutions in their application 

domains. 

These findings open new avenues for the development and 

application of SMPs and SMAs in fields such as biomedical 

devices, aerospace, robotics, and smart textiles. By tailoring 

the activated treatments to the specific requirements of these 

applications, it is possible to achieve optimal performance, 

including faster actuation speeds, higher precision in shape 

recovery, and longer material lifecycles. 

Future research should focus on understanding the 

underlying mechanisms through which these activated 

treatments affect the microstructure and properties of 

SMMs. Additionally, exploring the scalability of these 

treatments and their effects on a broader range of SMMs 

could further expand the applicability of these materials. 

The integration of advanced computational models to 

predict the behavior of treated SMMs under various 

conditions could also enhance the design and development 

of next-generation smart materials. 

In conclusion, this study highlights the significant potential 

of activated treatments in advancing the field of smart 

materials by enhancing the electro-induced shape memory 

response of SMPs and SMAs. These enhancements promise 

to broaden the application scope of SMMs, driving 

innovation and meeting the evolving needs of technology 

and society. 
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