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Conversation examples

> What impact do microplastic pollutants have on marine biodiversity in coastal regions?
> How can international cooperation be improved to effectively address global climate change?

> How does chronic sleep deprivation affect cognitive decline in aging populations?
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Hide Copilot steps #~
@ Creating a plan to answer your query

@ Performing natural language search:

* What materials can absorb electromagnetic waves?

* What are the applications of electromagnetic wave absorbing clothing materials?

* What are the performance characteristics of electromagnetic wave absorbing clothing materials?

& Generating summary
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Based on the provided abstracts, several materials have been identified as effective for absorbing

electromagnetic waves and can be used in clothing. Below is a summary table of these materials:

Material Description Properties Applications
Conductive Polymers with Low density, adjustable Electromagnetic
Polymers adjustable conductivity  conductivity, electrical and shielding clothing 1
magnetic loss FIE
characteristics
Carbon Cylindrical High surface areq, Composite absorbers,
MNanotubes nanostructures made excellent electrical electromagnetic
of carbon conductivity, strong shielding fabrics 1 a4
absorption properties 5
Ferrites Magnetic materials High magnetic loss, good Electromagnetic
composed of iron absorption in high- shielding, radar stealth
oxides frequency bands applications 2z & 7
Graphene Single layer of carbon High surface areq, Composite absorbers,

Nano Aluminum

atoms arranged in a

hexagonal lattice

Fabric embedded with

excellent electrical
conductivity, multiple

scattering

High reflectivity, good
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electromagnetic

shielding fabrics 2 =

Electromagnetic
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Promising materials for
microwave absorbers

Kazantseva N.E., Ryvkinag N.G.,
Chmutin LA

Journal ef Communications Technology
and Electronics 7|

2003

Reference 2

Electromagnetic Wave Absorbing
Materials: Fundamentals and
Applications

WuH., Luo]., Yang M.
Electromagnetic Wave Absorbing
Materials: Fundamentals and
Applications 7

2024

Reference 3

Research Progress of the
Composite Wave-absorbing
Material of Conductive
Polymer/Magnetic Particle
LiuF, Zhao X., Zheng Y., Zhao R.
Advanced Textile Technology A 2021
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Expanded summary

Based on the user's query, I will provide o summary that addresses the key properties of materials
suitable for absarbing electromagnetic waves in clothing, the optimization of clothing design to
incorporate such materials, the challenges in integrating these materials into clothing, and the

latest advancements in the development of these materials.
Key Properties of Materials Suitable for Absorbing Electromagnetic Waves in Clothing:

* Ferromagnetic Materials: Ferromagnetic materials, such as those with a shell-core structure,
exhibit high absorption strength and wide absorption bands. However, they have poor oxidation

resistance and temperature stability 1 .

* Graphene: Graphene, due to its interfacial polarization and multiple scattering properties, can
absorb electromagnetic waves. However, its excessive specific surface area and intermolecular

forces can lead to agglomeration with other substances, limiting its application 1 .

* Reduced Graphene Oxide: This material, prepared by the Hummers method, has structural
defects and oxygen-containing functional group residues, affecting its solubility and dispersibility

1.

* Composite Fabrics: Composite multifunctional textile materials, such as PPy/Fe304/rGO
polyester/cotton fabrics, have been developed with excellent wave-absorbing properties, UV

resistance, antistatic properties, and thermal management properties 2z .

* Hierarchical Carbon Cloth{@NiCo204/NiO Hybrid: This flexible absorber exhibits high
electromagnetic wave absorption capacity and is designed to address the limitations of

traditional materials 3 .
Optimizing Clothing Design to Incorporate Electromagnetic Wave-Absorbing Materials:

* Neckline Design: The application of different wave-absorbing materials and usage modes at the
neckline of electromagnetic shielding clothing significantly influences the shielding effectiveness

of the clothing. For example, the shielding effectiveness is best when nano aluminum material is
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Linked concept path summary

Electromagnetic Wave Absorption in Clothing = Applications = Electromagnetic Shielding Effectiveness
(EMSE)

Based on the query about the electromagnetic shielding effectiveness (EMSE) in clothing, the

following insights can be derived from the relevant abstracts:
Applications of Wave Absorbing Materials in Clothing:

* Wave absorbing materials, such as stainless steel, carbon fiber, nano aluminum, and multi
ion fabric, significantly influence the shielding effectiveness of clothing, with some

combinations increasing the shielding effectiveness by more than 5dB 1.

* The application of different wave absorbing materials and usage modes at the neckline of
electromagnetic shielding clothing has a significant impact on the clothing's shielding

effectiveness 1 .
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Metamaterial-Based Electromagnetic Absorbers Consistent Theme

Metamaterials have consistently shown promise in the field of electromagnetic wave
absorption, particularly for clothing materials. These materials, characterized by their
engineered structures, offer unigue properties such as broadband absorption and flexibility,
making them ideal for wearable applications. The consistent interest in metamaterial

absorbers highlights their potential for innovative designs in protective clothing.
Show references
Potential Hypotheses:

* Metamaterial-based clothing can provide superior electromagnetic wave absorption

compared to traditional materials

* Flexible metamaterial absorbers can be integrated into everyday clothing without

compromising comfort

Smart Composite Materials for Electromagnetic Absorption Rising Theme

Smart composite materials, which can adapt their properties in response to external stimuli,
are gaining attention for electromagnetic wave absorption. These materials, incorporating
elements like shape memory polymers and graphene, offer innovative solutions for dynamic
and responsive protective clothing. The rising interest in smart composites suggests their

potential for next-generation wearable technologies.
Show references
Potential Hypotheses:

* Smart composite materials can dynamically adjust their electromagnetic absorption

properties based on environmental conditions

* Wearable smart composites can provide both electromagnetic protection and other

functionalities, such as thermal regulation
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Go deeper
> How do conductive fabrics absorb electromagnetic waves?
> What are the most effective materials for shielding electromagnetic waves in clothing?

> Can natural fibers be used to absorb electromagnetic waves in clothing?

Ask a follow-up question
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