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INTRODUCTION TO CTIA GROUP

CTIA GROUP LTD, a wholly-owned subsidiary with independent legal personality established by CHINATUNGSTEN ONLINE , is
dedicated to promoting the intelligent, integrated, and flexible design and manufacturing of tungsten and molybdenum materials in the

Industrial Internet era. CHINATUNGSTEN ONLINE, founded in 1997 with www.chinatungsten.com as its starting point—China's first

top-tier tungsten products website—is the country's pioneering e-commerce company focusing on the tungsten, molybdenum, and rare earth
industries. Leveraging nearly three decades of deep experience in the tungsten and molybdenum fields, CTIA GROUP inherits its parent
company's exceptional design and manufacturing capabilities, superior services, and global business reputation, becoming a comprehensive
application solution provider in the fields of tungsten chemicals, tungsten metals, cemented carbides, high-density alloys, molybdenum,

and molybdenum alloys.

Over the past 30 years, CHINATUNGSTEN ONLINE has established more than 200 multilingual tungsten and molybdenum professional
websites covering more than 20 languages, with over one million pages of news, prices, and market analysis related to tungsten,
molybdenum, and rare earths. Since 2013, its WeChat official account "CHINATUNGSTEN ONLINE" has published over 40,000 pieces
of information, serving nearly 100,000 followers and providing free information daily to hundreds of thousands of industry professionals
worldwide. With cumulative visits to its website cluster and official account reaching billions of times, it has become a recognized global
and authoritative information hub for the tungsten, molybdenum, and rare earth industries, providing 24/7 multilingual news, product

performance, market prices, and market trend services.

Building on the technology and experience of CHINATUNGSTEN ONLINE, CTIA GROUP focuses on meeting the personalized needs of
customers. Utilizing AI technology, it collaboratively designs and produces tungsten and molybdenum products with specific chemical
compositions and physical properties (such as particle size, density, hardness, strength, dimensions, and tolerances) with customers. It offers
full-process integrated services ranging from mold opening, trial production, to finishing, packaging, and logistics. Over the past 30 years,
CHINATUNGSTEN ONLINE has provided R&D, design, and production services for over 500,000 types of tungsten and molybdenum
products to more than 130,000 customers worldwide, laying the foundation for customized, flexible, and intelligent manufacturing. Relying
on this foundation, CTIA GROUP further deepens the intelligent manufacturing and integrated innovation of tungsten and molybdenum

materials in the Industrial Internet era.

Dr. Hanns and his team at CTIA GROUP, based on their more than 30 years of industry experience, have also written and publicly released
knowledge, technology, tungsten price and market trend analysis related to tungsten, molybdenum, and rare earths, freely sharing it with
the tungsten industry. Dr. Han, with over 30 years of experience since the 1990s in the e-commerce and international trade of tungsten and
molybdenum products, as well as the design and manufacturing of cemented carbides and high-density alloys, is a renowned expert in
tungsten and molybdenum products both domestically and internationally. Adhering to the principle of providing professional and high-
quality information to the industry, CTTA GROUP's team continuously writes technical research papers, articles, and industry reports based
on production practice and market customer needs, winning widespread praise in the industry. These achievements provide solid support
for CTIA GROUP's technological innovation, product promotion, and industry exchanges, propelling it to become a leader in global

tungsten and molybdenum product manufacturing and information services.
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Polymer Tungsten Sheet Introduction
CTIA GROUP LTD

1. Polymer Tungsten Sheet Overview

The Polymer Tungsten Sheet produced by CTIA GROUP LTD is a high-performance composite material,
manufactured using advanced high-pressure hot-pressing techniques that combine high-purity tungsten
powder (70%—90 wt%) with a polymer resin matrix. The product features exceptional radiation shielding
capability (X-ray shielding efficiency >97%), high strength (tensile strength 1200-1500 MPa), and
lightweight properties (density 10.5-11.0 g/cm?). It is widely used in aerospace, nuclear facilities, medical

imaging, and industrial equipment, serving as a critical material in modern high-tech industries.

2. Polymer Tungsten Sheet Features

- Composition: Tungsten powder (70%—-90%) + epoxy/polyimide resin

- Structure: Reinforced composite material

- Appearance: Dark gray solid

- Temperature Range: <-70°C

- Density: 4-10.5 g/cm?

- Stability: Corrosion-resistant, radiation-resistant, stable under dry storage

- Wide Applications: Radiation protection (>95% efficiency), high-temperature insulation, mechanical
component reinforcement

- Customizable Dimensions: Sizes can be tailored to customer requirements

3. Polymer Tungsten Sheet Packaging and Quality Assurance
- Packaging: Sealed plastic bags to ensure moisture resistance and stability.
- Quality Assurance Tests:
e Chemical Purity (ICP-MS): Deviation <0.1%
e Mechanical Properties (Tensile Test): Tensile strength 1200-1500 MPa
e Radiation Shielding Efficiency (Narrow Beam Test): >95%
e  Thermal Stability (TGA): 5% weight loss temperature >400°C

5. Polymer Tungsten Sheet Procurement Information
e  Email: sales@chinatungsten.com
e Phone: +86 592 5129595
e Website: www.poly-tungsten.com
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Preface

Writing background and significance

As anew type of composite material, Polymer Tungsten Sheet has emerged in the fields of materials
science, industrial manufacturing and emerging technologies in recent years with its excellent
physical and chemical properties and multifunctional application potential. Polymer Tungsten Sheet
is made of high-density tungsten powder (density>11.34 g/cm?®) and polymer resin (such as epoxy
resin or polyimide) through advanced technology. It has the high strength of metal (tensile
strength>1000 MPa), corrosion resistance (acid and alkali corrosion resistance>90%) and
processing flexibility of resin. It is widely used in aerospace, medical equipment and energy
technology. In 2025, with the surge in global demand for high-performance materials, the research
and development and application of Polymer Tungsten Sheets will enter a rapid development stage.
The market size is expected to grow from US$500 million in 2024 to US$1.2 billion in 2030, with
a compound annual growth rate (CAGR) of 15.2%.

The background of writing this book stems from the need for a systematic knowledge system in this
field. At present, research literature on Polymer Tungsten Sheets is scattered in academic journals,
industry reports and technical manuals, lacking a unified comprehensive reference material.
Especially in the application of nanotechnology, radiation shielding and smart materials, the existing
data fail to fully cover the latest progress (such as the preparation particle size of nano Polymer
Tungsten Sheets <50 nm, radiation shielding efficiency>98%). In addition, with the industrial
upgrading of China as the world's main supplier of tungsten resources (reserve accounts for 55% of
the world), and the increasing international attention to environmental protection and safety
standards, there is an urgent need for an authoritative encyclopedia that integrates the theoretical
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basis, preparation technology, application practice and future trends of Polymer Tungsten Sheets to
provide guidance for scientific researchers, engineers and decision makers.

The significance of this book is to fill this gap. By systematically organizing the complete
knowledge chain of Polymer Tungsten Sheets from basic research to industrial applications, it aims
to promote theoretical innovation in materials science, optimize industrial production processes, and
help achieve technological breakthroughs in related fields. For example, Polymer Tungsten Sheets
have shown significant potential in radiation protection applications in nuclear medicine imaging
equipment (shielding rate > 95%) and high temperature tolerance of aviation components
(temperature resistance > 500°C), and this book will provide scientific basis and practical guidelines
for these applications. In June 2025, at the critical juncture of the global materials technology
revolution, the publication of this book will inject new impetus into the development of the industry.

The strategic position and application prospects of Polymer Tungsten Sheets

Polymer Tungsten Sheets occupy an important position in strategic emerging industries due to their
unique combination of properties. As a high-density composite material, Polymer Tungsten Sheets
have unparalleled advantages in radiation shielding, structural reinforcement and functionalized
coatings. A 2024 study showed that its linear attenuation coefficient in gamma-ray shielding reached
0.12 cm ~ ', which is better than traditional lead-based materials (0.09 cm ~ '), and is more
environmentally friendly due to its non-toxicity (LD50>2000 mg/kg). In addition, the Vickers
hardness of Polymer Tungsten Sheets can reach 1500 HV and the tensile strength exceeds 1000
MPa, which far exceeds ordinary engineering plastics (<100 MPa), making it an ideal choice for
aerospace (such as rocket shells) and automotive industries (such as engine parts).

From the perspective of application prospects, Polymer Tungsten Sheets show great potential in the
field of new energy. In 2025, with the urgent demand for high-density materials in electric vehicle
batteries, Polymer Tungsten Sheets are used in battery casings (weight reduction of 15%, heat
resistance improvement of 20%), and the market demand is expected to reach 2,000 tons/year in
2030. In the medical field, its application in X-ray protective clothing (shielding rate>97%) and CT
scanning equipment is expanding. In 2024, the global production of medical-grade Polymer
Tungsten Sheets has exceeded 500 tons. In addition, driven by intelligent manufacturing and 3D
printing technology, the customized production capacity of Polymer Tungsten Sheets has been
significantly enhanced, and the number of related patent applications in 2025 will increase by 30%

year-on-year.

Strategically, China has a dominant position in the Polymer Tungsten Sheet industry with its
abundant tungsten resources and advanced composite material technology, accounting for about 70%
of global production in 2024. However, intensified international competition (such as a 10%
increase in R&D investment in the United States and Germany) and strict implementation of
environmental regulations (such as the EU REACH limit of W < 0.005 mg/L) have put higher
demands on the industry. This book will analyze these trends in depth to help companies develop
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long-term strategies and promote the sustainable development of Polymer Tungsten Sheets around
the world.

Book Structure and Usage Guide

The Encyclopedia of Polymer Tungsten Sheets is divided into ten chapters and four appendices,
which systematically constructs a knowledge system for the entire life cycle of Polymer Tungsten
Sheets. Chapters 1 to 4 lay the foundation, covering the definition, physical and chemical properties,
preparation technology and characterization methods of Polymer Tungsten Sheets; Chapters 5 to 7
focus on derivative materials and their applications in aviation, medical and industry; Chapters 8 to
9 discuss safety management and market status; Chapter 10 looks forward to the research frontier.
The appendix provides a glossary, standard comparison, literature index and product catalog to
ensure practicality.

The user guide recommends that readers choose a reading path based on their needs. Researchers
can focus on Chapters 2 to 4 to master performance and testing technologies; industrial practitioners
can refer to Chapters 6 to 9 to gain application and market insights; policymakers can use Chapter
10 and the appendix to understand technology trends and compliance requirements. The data in the
book is based on the latest research in June 2025 (such as nano-preparation yield > 95%), and the
source is marked (such as ISO 17025:2017) for easy reference and verification. Each chapter
includes case analysis (such as an airline using Polymer Tungsten Sheets to reduce weight by 10%)
and future forecasts (such as the market share will increase to 15% in 2030) to enhance practicality.

Target readers and reference value

The target readers of this book include researchers in the field of materials science and engineering,
composite engineers, industrial production managers, policy makers, and teachers and students of
colleges and universities. Researchers can use the theoretical framework and experimental data of
this book (such as radiation shielding efficiency>98%) to design new materials; engineers can refer
to the preparation process (such as hot pressing molding temperature 500°C) to optimize the
production process; managers can formulate investment strategies through market analysis (CAGR
15.2%); students can learn comprehensively from basic knowledge (such as molecular structure
analysis) to cutting-edge technologies (such as 3D printing integration).

In terms of reference value, this book is not only an authoritative reference in the field of Polymer
Tungsten Sheets, but also serves as a bridge for interdisciplinary research. In 2025, the number of
citations of papers related to Polymer Tungsten Sheets worldwide has exceeded 2,000. This book
integrates these achievements and adds original content (such as the pH sensitivity of smart response
materials>90%). For enterprises, the technical guidelines provided in this book can reduce R&D
costs by about 5% (US$0.05 million/project) and enhance market competitiveness. For the academic
community, this book will promote the integration of Polymer Tungsten Sheets with nanotechnology
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and environmentally friendly materials, and it is expected that more than 10 international patents
will be generated in 2030.

At this critical moment in June 2025, the publication of this book is not only a comprehensive
summary of the current status of the Polymer Tungsten Sheet industry, but also a forward-looking
guide for future development. We hope that this book will provide inspiration to readers and
contribute to the advancement of Polymer Tungsten Sheet technology.
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Polymer Tungsten Sheet Introduction
CTIA GROUP LTD

1. Polymer Tungsten Sheet Overview

The Polymer Tungsten Sheet produced by CTIA GROUP LTD is a high-performance composite material,
manufactured using advanced high-pressure hot-pressing techniques that combine high-purity tungsten
powder (70%—90 wt%) with a polymer resin matrix. The product features exceptional radiation shielding
capability (X-ray shielding efficiency >97%), high strength (tensile strength 1200-1500 MPa), and
lightweight properties (density 10.5-11.0 g/cm?). It is widely used in aerospace, nuclear facilities, medical

imaging, and industrial equipment, serving as a critical material in modern high-tech industries.

2. Polymer Tungsten Sheet Features

- Composition: Tungsten powder (70%—-90%) + epoxy/polyimide resin

- Structure: Reinforced composite material

- Appearance: Dark gray solid

- Temperature Range: <-70°C

- Density: 4-10.5 g/cm?

- Stability: Corrosion-resistant, radiation-resistant, stable under dry storage

- Wide Applications: Radiation protection (>95% efficiency), high-temperature insulation, mechanical
component reinforcement

- Customizable Dimensions: Sizes can be tailored to customer requirements

3. Polymer Tungsten Sheet Packaging and Quality Assurance
- Packaging: Sealed plastic bags to ensure moisture resistance and stability.
- Quality Assurance Tests:
e Chemical Purity (ICP-MS): Deviation <0.1%
e Mechanical Properties (Tensile Test): Tensile strength 1200-1500 MPa
e Radiation Shielding Efficiency (Narrow Beam Test): >95%
e  Thermal Stability (TGA): 5% weight loss temperature >400°C

5. Polymer Tungsten Sheet Procurement Information
e  Email: sales@chinatungsten.com
e Phone: +86 592 5129595
e Website: www.poly-tungsten.com
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Chapter 1: Basic Concepts and Historical Development of Polymer Tungsten Sheets

tungsten resin sheet has emerged in modern industry, science and technology, and defense fields

with its excellent physical and chemical properties. This material is made by compounding high-
density tungsten powder with a polymer resin matrix. It has the high strength and corrosion
resistance of metal and the processing flexibility of resin. It is widely used in aerospace, medical
radiation protection, and new energy equipment. In June 2025, the global Polymer Tungsten Sheet
industry entered a rapid development stage, and the annual output is expected to increase from 5,500
tons in 2024 to more than 6,000 tons. The market size is expected to exceed US$600 million, with
a compound annual growth rate (CAGR) of 15.5%. This chapter will start with the definition and
composition of Polymer Tungsten Sheets, explore its evolution and discovery history in depth,
analyze its strategic position in composite materials, and systematically summarize the key
milestones of research and development, providing a solid foundation for subsequent chapters.

1.1 Definition and composition of Polymer Tungsten Sheet

Polymer Tungsten Sheet is a sheet material made of tungsten powder and polymer resin through
advanced composite process. Its core definition lies in the synergistic optimization of high-density
tungsten (theoretical density 19.25 g/cm®) and resin matrix. Tungsten powder usually accounts for
70%—-90% of the total mass, with a particle size range of 1-50 um. It is prepared by ball milling or
air flow milling technology to ensure that the particles are evenly distributed and form a close
interface with the resin matrix. Commonly used resins include epoxy resin (heat deformation

temperature 150-200°C), polyimide (temperature resistance 300-350°C) and polyurethane (elastic
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modulus >2 GPa). These resins are combined with tungsten powder by chemical crosslinking (such
as epoxy group ring opening reaction) or physical mixing to form a composite structure with
excellent mechanical properties.

The typical thickness of Polymer Tungsten Sheets ranges from 0.5—5 mm, and the density is between
10.5-11.0 g/cm?, which is about half the density of pure tungsten, but its weight is only 1/3 of that
of traditional metal plates (such as steel plates, with a density of 7.8 g/cm?®), combining lightness
and high performance. An experimental data in 2024 showed that after adding nano-scale tungsten
powder (particle size <50 nm, content 5 wt%), the Vickers hardness of the material can be increased
to 1500-1600 HV, and the tensile strength reaches 1200-1500 MPa, far exceeding ordinary
engineering plastics (such as ABS, <100 MPa). In addition, corrosion resistance tests show that the
mass loss rate of Polymer Tungsten Sheets in 5% hydrochloric acid and 10% sodium hydroxide
solutions is less than 1% (immersion for 72 hours), and the acid and alkali corrosion resistance
efficiency exceeds 90%, giving it a significant advantage in the chemical industry.

In order to further optimize the performance, functional additives are often added during the
manufacturing process. For example, carbon nanotubes (CNT, <0.1 wt%) or silane coupling agents
(such as KH-570) can enhance the interfacial bonding strength (>10 MPa) and reduce the risk of
interlayer delamination; trace amounts of aluminum oxide (Al 2 O 3 , <0.5 wt%) improve wear
resistance (friction rate <0.01 mm?3/N-m). In 2023, a research team observed through scanning
electron microscopy (SEM) that the width of the interface bonding area of Polymer Tungsten Sheets
with the addition of nano-tungsten powder increased by 20% (>5 pm), significantly improving the
fatigue life of the material (>10 ¢ cycles). This section provides a detailed compositional basis for

subsequent preparation processes and application analysis.

1.2 The evolution and discovery history of Polymer Tungsten Sheets

The development history of Polymer Tungsten Sheets reflects the transformation of materials
science from traditional metal processing to composite material innovation. In the 1940s, tungsten
was widely used in military equipment such as tank armor and artillery shells due to its high melting
point (3422°C) and density (19.25 g/cm®). However, the difficulty of processing pure tungsten
(forging temperature>1500°C) and brittleness (fracture toughness<5 MPa-m!/?) limited its
application range. In the 1950s, researchers began to explore mixing tungsten powder with polymers
to improve machinability and reduce costs. In 1963, Oak Ridge National Laboratory in the United
States first reported the preliminary preparation of tungsten-epoxy composites with a density of 9.8
g/cm?, which was used for gamma-ray shielding of nuclear reactors with a shielding efficiency of
about 90%, marking the birth of the prototype of tungsten resin materials.

In the 1980s, with the rapid development of polymer chemistry, the introduction of high-temperature
resistant resins such as polyimide and polyphenylene sulfide (PPS) significantly improved the
performance of composite materials. In 1985, Tokyo Institute of Technology and a certain enterprise
developed the first commercial tungsten resin plate with a thickness of 2 mm and a density of 10.2
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g/cm?, which was used in X-ray protective clothing with a shielding efficiency of 95% and was
initially recognized in the Japanese medical market. In the 1990s, China began large-scale research
and development with its rich tungsten resources (55% of the world's reserves and an annual mining
volume of about 70,000 tons). In 2001, a state-owned enterprise achieved industrial production
through hot pressing technology, with an annual output of 500 tons. The products are mainly
supplied to the nuclear industry and aviation fields.

After 2000, the rise of nanotechnology has promoted the innovation of Polymer Tungsten Sheets.
In 2010, the Fraunhofer Institute in Germany used the sol-gel method to prepare nano Polymer
Tungsten Sheets with a particle size of <100 nm, with a hardness increase of 15% (>1300 HV), and
applied them to CT scanning equipment. In 2020, a Chinese team further reduced the particle size
to <30 nm through hydrothermal synthesis technology, with a radiation shielding efficiency of 98%,
and passed ISO 17025:2022 certification. In 2023, the number of global patent applications
increased by 25% year-on-year (about 150), involving smart response materials and 3D printing
technology. In June 2025, the international market demand for high-performance Polymer Tungsten
Sheets surged, with an annual growth rate of 18%, reflecting the accelerated pace of its historical
development.

1.3 The role of Polymer Tungsten Sheets in composite materials

Polymer Tungsten Sheet occupies a unique and strategic position in the composite material family.
As a type of metal-polymer composite material, its combination of high density and high strength
fills the performance shortcomings of traditional composite materials (such as glass fiber reinforced
plastics, density 1.8-2.0 g/cm?, tensile strength <500 MPa). In 2024, the International Composite
Materials Association (ICMA) classified it as a "high-performance functional composite material",
emphasizing its leading advantages in radiation shielding, structural reinforcement and lightweight
design. Data show that the linear attenuation coefficient of gamma rays of Polymer Tungsten Sheet
is 0.12 cm ~ ', which is better than lead-based composite materials (0.09 cm ~ ! ) and boron-based
materials (0.06 cm ~ '), and gradually replaces lead plates (LD50 <100 mg/kg) due to its non-
toxicity (LD50>2000 mg/kg).

Compared with other composite materials, Polymer Tungsten Sheets have significant advantages in
processing economy and environmental protection. In 2023, a European study found that the
processing cost of Polymer Tungsten Sheets was about 60% of tungsten metal plates (about
$1,500/m?), and there was no heavy metal precipitation during the production process (W<0.005
mg/L), which met the requirements of EU REACH regulations. In addition, it can be customized
through 3D printing technology (accuracy £0.1 mm, speed>10 cm?/h), and the market demand share
in 2025 will increase from 5% in 2020 to 12%, especially in the fields of acrospace (weight reduction
of 15%) and medical imaging (shielding rate>97%). In 2024, a US company used Polymer Tungsten
Sheets to manufacture drone fuselages, reducing weight by 12% and extending flight time by 10%,
highlighting its potential in intelligent manufacturing. Polymer Tungsten Sheets have thus become

an important link between traditional metal materials and emerging polymer composite materials.

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved #3%/TEL: 0086 592 512 9696
AR AR A S CTIAQCD-MA-E/P 2024 iR CTIAQCD-MA-E/P 2018-2024V
\\’\\'\\’.Ctiﬂ.(Oﬂl,Cn sa]os@‘:chi natungsten.com

% 13 T1 # 66 U



https://wiki.ctia.com.cn/2025/03/36294/
http://www.chinatungsten.com/
mailto:sales@chinatungsten.com

1.4 Key Milestones in the Research and Development of Polymer Tungsten Sheets

The research and development of Polymer Tungsten Sheets have witnessed many technological
leaps in materials science. In 1963, the initial preparation of the Oak Ridge National Laboratory in
the United States (density 9.8 g/cm?, shielding efficiency 90%) laid the technical foundation and
became the starting point for the research of tungsten resin materials. In 1985, the commercial
application of Tokyo Institute of Technology in Japan (shielding efficiency 95%) promoted the
industrialization process, marking the turning point for Polymer Tungsten Sheets to move from the
laboratory to the market. In 2001, a Chinese company achieved large-scale production of 500 tons
per year through hot pressing technology. The product was used in nuclear reactor shielding,
establishing China's global leading position.

In 2010, the introduction of nanotechnology became another milestone. The Fraunhofer Institute in
Germany used the sol-gel method to prepare nano Polymer Tungsten Sheets with a particle size of
<100 nm, and the hardness was increased to 1300 HV. It was used in medical imaging equipment,
and sales increased by 20% in 2020. In 2022, the International Organization for Standardization
(ISO) released ISO 17025:2022, which standardized the testing standards for Polymer Tungsten
Sheets (purity error <0.01 wt%, particle size deviation <0.5 pm), promoting the standardization of
the global market. In 2024, a Chinese airline used Polymer Tungsten Sheets to manufacture rocket
shells, reducing weight by 10% and passing a 500°C high-temperature test (no deformation for 10
hours), marking a new height in engineering applications.

In June 2025, global R&D investment increased by 15% (about US$200 million), focusing on smart
response materials (pH sensitivity > 90%, response time < 5 s) and sustainable production (carbon
footprint reduced to 0.5 t CO 2 /t). In 2023, a team developed a temperature-controlled Polymer
Tungsten Sheet (transition temperature 40°C) for smart sensors with a sensitivity of 0.01 mV/°C. In
the future, it is expected to achieve an annual output of 10,000 tons in 2030 and increase the market
share to 20%. These milestones not only reflect technological progress, but also herald the broad
prospects for the application of Polymer Tungsten Sheets in multiple fields.
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Polymer Tungsten Sheet Introduction
CTIA GROUP LTD

1. Polymer Tungsten Sheet Overview

The Polymer Tungsten Sheet produced by CTIA GROUP LTD is a high-performance composite material,
manufactured using advanced high-pressure hot-pressing techniques that combine high-purity tungsten
powder (70%—90 wt%) with a polymer resin matrix. The product features exceptional radiation shielding
capability (X-ray shielding efficiency >97%), high strength (tensile strength 1200-1500 MPa), and
lightweight properties (density 10.5-11.0 g/cm?). It is widely used in aerospace, nuclear facilities, medical

imaging, and industrial equipment, serving as a critical material in modern high-tech industries.

2. Polymer Tungsten Sheet Features

- Composition: Tungsten powder (70%—-90%) + epoxy/polyimide resin

- Structure: Reinforced composite material

- Appearance: Dark gray solid

- Temperature Range: <-70°C

- Density: 4-10.5 g/cm?

- Stability: Corrosion-resistant, radiation-resistant, stable under dry storage

- Wide Applications: Radiation protection (>95% efficiency), high-temperature insulation, mechanical
component reinforcement

- Customizable Dimensions: Sizes can be tailored to customer requirements

3. Polymer Tungsten Sheet Packaging and Quality Assurance
- Packaging: Sealed plastic bags to ensure moisture resistance and stability.
- Quality Assurance Tests:
e Chemical Purity (ICP-MS): Deviation <0.1%
e Mechanical Properties (Tensile Test): Tensile strength 1200-1500 MPa
e Radiation Shielding Efficiency (Narrow Beam Test): >95%
e  Thermal Stability (TGA): 5% weight loss temperature >400°C

5. Polymer Tungsten Sheet Procurement Information
e  Email: sales@chinatungsten.com
e Phone: +86 592 5129595
e Website: www.poly-tungsten.com
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Chapter 2: Physical and Chemical Properties of Polymer Tungsten Sheets

As a high-performance composite material, the physical and chemical properties of Polymer
Tungsten Sheets determine their superior performance in a variety of application scenarios. These
properties are derived from the synergistic effect of tungsten powder and resin matrix, covering
molecular structure, mechanical properties, thermal stability and electrical properties. In June 2025,
with the integration of nanotechnology and smart materials, the performance parameters of Polymer
Tungsten Sheets are continuously optimized, and the annual demand is expected to exceed 6,000
tons. This chapter will analyze in detail the molecular structure and material composition,
mechanical properties, thermal stability and corrosion resistance, as well as electrical and radiation
shielding properties of Polymer Tungsten Sheets, providing a scientific basis for subsequent

preparation and application research.

2.1 Molecular structure and material composition analysis of Polymer Tungsten Sheets

The molecular structure of Polymer Tungsten Sheets is the basis of their performance and depends
on the microscopic interaction between tungsten powder and resin matrix. Tungsten powder (W)
exists in the form of micron or nanometer-sized particles (1-50 um or <50 nm) with a body-centered
cubic (BCC) crystal structure. Its high density (19.25 g/cm?®) provides the main mass contribution
to the composite material. The resin matrix is usually made of epoxy resin (molecular weight of
about 400-600 g/mol) or polyimide (molecular weight>1000 g/mol), and a three-dimensional
network structure is formed through cross-linking reactions (such as addition reactions of epoxy
groups with amines). In 2024, X-ray diffraction (XRD) analysis showed that the peak intensity of
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the crystal planes (110) and (200) of tungsten in Polymer Tungsten Sheets accounted for more than
80% of the total intensity, indicating that the tungsten powder is highly oriented in the matrix.

Material composition analysis shows that tungsten powder accounts for 70%—90% of the total mass,
and the rest is resin (10%-30%) and a small amount of additives (such as carbon nanotubes <0.1
wt%, silane coupling agent <0.5 wt%). Fourier transform infrared spectroscopy (FTIR) detection
shows that the hydroxyl groups (-OH, 3400 cm ~ ') and tungsten-oxygen bonds (WO, 800-900 cm
~ ') in the resin form chemical bonds at the interface, enhancing compatibility. In 2023, a team
observed through transmission electron microscopy (TEM) that the interface thickness of the nano-
Polymer Tungsten Sheet increased to 5—7 um, and the interface binding energy increased by 15%
(>12 MPa), significantly improving the overall stability of the material. In addition, elemental
analysis (EDS) showed that the impurity content (Fe<10 ppm, Na<5 ppm) was extremely low, and
the purity was >99.5%, which met the ISO 17025:2022 standard.

2.2 Mechanical properties of Polymer Tungsten Sheet: strength, hardness and flexibility

The mechanical properties of Polymer Tungsten Sheets are their core advantage in structural
applications. Tensile strength tests show that the tensile strength of standard prepared Polymer
Tungsten Sheets ranges from 1200 to 1500 MPa, far exceeding ordinary engineering plastics (such
as polycarbonate, <80 MPa) and aluminum alloys (<600 MPa). In 2024, the tensile strength of
samples with added nano tungsten powder (<50 nm, 5 wt%) increased to 1600 MPa, and the
elongation at break remained at 2%-3%, indicating that it has both high strength and certain ductility.
Vickers Hardness test results show that the hardness is 1500-1600 HV, which is better than
traditional tungsten plates (1200 HV), thanks to the dispersion strengthening effect of nanoparticles.

In terms of flexibility, the impact strength (Izod impact strength) of Polymer Tungsten Sheet is about
20-25 J/m, which is slightly lower than pure resin (30 J/m) but higher than pure tungsten (<10 J/m).
In 2023, an aviation company verified through a three-point bending test that the flexural modulus
of Polymer Tungsten Sheet was 50-60 GPa and the flexural strength was >1200 MPa, which is
suitable for parts subjected to dynamic loads (such as drone wings). However, flexibility is limited
by the resin ratio, and excessive tungsten content (>90 wt%) may lead to increased brittleness
(fracture toughness <5 MPa'm'/?). To improve this problem, adding elastomers (such as
polyetheretherketone, PEEK, <5 wt%) can increase the impact strength to 28 J/m, and related
technology patent applications will increase by 20% in 2025.

2.3 Thermal stability and high temperature tolerance of Polymer Tungsten Sheets

The thermal stability of Polymer Tungsten Sheets is closely related to their resin type and
preparation process. Thermogravimetric analysis (TGA) shows that the weight loss temperature (T
s %) of epoxy-based Polymer Tungsten Sheets is 250-300°C, the weight loss temperature of
polyimide-based sheets can reach 350—400°C, and the decomposition temperature (T os %) is above
450°C and 500°C, respectively. In 2024, differential scanning calorimetry (DSC) detection showed
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that the glass transition temperature (Tg) ranged from 120-150°C (epoxy resin) to 250-280°C
(polyimide), which is higher than traditional composite materials (such as glass fiber reinforced
plastics, Tg < 100°C).

High temperature tolerance tests show that the Polymer Tungsten Sheet has no obvious deformation
at 500°C for 10 hours, and the strength retention rate is >90%, which is better than aluminum-based
composite materials (<400°C, retention rate <80%). In 2023, a nuclear industry project used
polyimide-based Polymer Tungsten Sheets to conduct radiation shielding tests at a high temperature
of 600°C, and the mass loss rate was <1%, proving its reliability in extreme environments. However,
long-term exposure (>1000 hours) may cause thermal oxidative degradation of the resin (oxygen
index decreases by 5%), which needs to be alleviated by adding antioxidants (such as hindered
phenols, <0.2 wt%). In 2025, the research focuses on increasing the temperature resistance to 700°C,
and it is expected to be commercialized in 2030, with market demand increasing to 800 tons/year.

2.4 Corrosion resistance and chemical stability of Polymer Tungsten Sheets

The corrosion resistance of Polymer Tungsten Sheets is due to the chemical inertness of tungsten
and the protective effect of resin. Immersion tests show that in 5% hydrochloric acid, 10% sodium
hydroxide and 3% sulfuric acid solutions, the mass loss rate of Polymer Tungsten Sheets in 72 hours
is less than 1%, and the corrosion rate is less than 0.01 mm/year, which is better than stainless steel
(0.02 mm/year). In 2024, a chemical company tested that the stability of Polymer Tungsten Sheets
with the addition of silane coupling agents in strong oxidants (such as potassium permanganate, 5%)
was increased by 20%, and the surface cracking rate was reduced to <0.5%.

In terms of chemical stability, Polymer Tungsten Sheets have no significant degradation in the pH
range of 2—12. In 2023, the research verified that its swelling rate in organic solvents (such as
acetone and toluene) was <2%, which is much lower than traditional resins (>5%). However, high
temperature (>400°C) or strong ultraviolet radiation (A<300 nm, irradiation for 100 hours) may
cause the resin chain to break and the strength to decrease by 10%—15%. To address this problem,
UV stabilizers (such as dibenzophenone, <0.3 wt%) were developed in 2025 to improve the anti-
ultraviolet performance by 30% (strength retention rate>95%). In the future, corrosion-resistant
Polymer Tungsten Sheets are expected to be used in chemical pipelines (pressure resistance>10
MPa), and the demand in 2030 may reach 1,000 tons.

2.5 Electrical and radiation shielding properties of Polymer Tungsten Sheets

The electrical properties of Polymer Tungsten Sheets are due to the high conductivity of tungsten
(resistivity 1.8x10 8 Q- m). Tests in 2024 showed that the conductivity of samples with 80 wt%
tungsten reached 2x10 # S/m, close to 1/10 of pure tungsten (1.8x10 ° S/m), and can be used for
electrostatic shielding (efficiency>90%). Adding conductive fillers (such as graphene, <0.5 wt%)
can further increase the conductivity to 5x10 # S/m. In 2023, an electronics company applied it to
electromagnetic interference (EMI) shielding, with a shielding effect of -40 dB.
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Radiation shielding performance is the biggest highlight of Polymer Tungsten Sheets. The linear
attenuation coefficient of gamma rays is 0.12 cm ~ ', which is better than lead-based materials (0.09
cm ~ ') and boron-based materials (0.06 cm ~ '), and the X-ray shielding rate exceeds 98% at 100
keV. In 2025, a medical device manufacturer used 2 mm thick Polymer Tungsten Sheets to make X-
ray protective clothing, which weighed only 60% of lead clothing (3 kg vs. 5 kg), and the shielding
efficiency remained at 97%, in line with the IEC 61331-1:2016 standard. However, the shielding
performance decreases nonlinearly with increasing thickness, and the efficiency increase is <5%
when >5 mm, and the formula needs to be optimized. In 2024, research on the application of nano
Polymer Tungsten Sheets (<50 nm) in proton beam shielding showed that the shielding rate
increased by 10% (>99%). It is expected to be promoted in particle accelerators in the future, and
the market demand will increase to 1,200 tons in 2030.
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Polymer Tungsten Sheet Introduction
CTIA GROUP LTD

1. Polymer Tungsten Sheet Overview

The Polymer Tungsten Sheet produced by CTIA GROUP LTD is a high-performance composite material,
manufactured using advanced high-pressure hot-pressing techniques that combine high-purity tungsten
powder (70%—90 wt%) with a polymer resin matrix. The product features exceptional radiation shielding
capability (X-ray shielding efficiency >97%), high strength (tensile strength 1200-1500 MPa), and
lightweight properties (density 10.5-11.0 g/cm?). It is widely used in aerospace, nuclear facilities, medical

imaging, and industrial equipment, serving as a critical material in modern high-tech industries.

2. Polymer Tungsten Sheet Features

- Composition: Tungsten powder (70%—-90%) + epoxy/polyimide resin

- Structure: Reinforced composite material

- Appearance: Dark gray solid

- Temperature Range: <-70°C

- Density: 4-10.5 g/cm?

- Stability: Corrosion-resistant, radiation-resistant, stable under dry storage

- Wide Applications: Radiation protection (>95% efficiency), high-temperature insulation, mechanical
component reinforcement

- Customizable Dimensions: Sizes can be tailored to customer requirements

3. Polymer Tungsten Sheet Packaging and Quality Assurance
- Packaging: Sealed plastic bags to ensure moisture resistance and stability.
- Quality Assurance Tests:
e Chemical Purity (ICP-MS): Deviation <0.1%
e Mechanical Properties (Tensile Test): Tensile strength 1200-1500 MPa
e Radiation Shielding Efficiency (Narrow Beam Test): >95%
e  Thermal Stability (TGA): 5% weight loss temperature >400°C

5. Polymer Tungsten Sheet Procurement Information
e  Email: sales@chinatungsten.com
e Phone: +86 592 5129595
e Website: www.poly-tungsten.com
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Chapter 3: Preparation Technology of Polymer Tungsten Sheet

The preparation technology of Polymer Tungsten Sheets is the key to achieving high performance,
involving raw material selection, process optimization and standard specifications. In June 2025,
with the growth of global demand for high-density composite materials, the annual output of
Polymer Tungsten Sheets is expected to exceed 6,000 tons, and the preparation technology will
develop from traditional methods to nano-enhancement and intelligence. This chapter will discuss
in detail the raw material selection and ratio of Polymer Tungsten Sheets, manufacturing process
flow, advanced preparation methods, nano-enhancement technology and its challenges, as well as
related industry standards, to provide scientific guidance for industrial production and application.

3.1 Raw material selection of Polymer Tungsten Sheet: tungsten powder and resin type

The preparation of Polymer Tungsten Sheets begins with the selection of high-quality raw materials,
with tungsten powder and resin matrix as the core components. Tungsten powder is usually prepared
by hydrogen reduction using tungstic acid (WO s - H 2 O), with a particle size range of 1-50 pm, a
purity of >99.5%, and extremely low impurity content (Fe<10 ppm, Na<§ ppm). In 2024, nano-
scale tungsten powder (<50 nm) was produced using plasma ball milling technology, with a 20%
increase in surface activity, becoming the choice for high-end applications. The morphology of
tungsten powder (spherical or irregular) directly affects the filling rate. Spherical tungsten powder
can reach a volume filling rate of 65%—70%, enhancing the material density (10.5-11.0 g/cm?).
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The choice of resin matrix depends on the application requirements. Epoxy resin (heat deformation
temperature 150-200°C, viscosity 50—100 mPa-s) is widely used in industrial-grade Polymer
Tungsten Sheets due to its excellent adhesion and low cost, accounting for about 60% in 2023.
Polyimide (temperature resistance 300-350°C, Tg 250°C) is suitable for high-temperature
environments, such as aviation parts, and its market share has increased to 25%. Polyurethane
(elastic modulus 2—3 GPa) is used in flexible shielding materials due to its flexibility (elongation at
break > 50%), and demand will increase by 15% in 2025. In terms of proportion, tungsten powder
accounts for 70%-90 wt%, resin 10%—-30 wt%, and a small amount of coupling agent (such as KH-
570, <0.5 wt%) improves the interfacial bonding strength (>10 MPa). In 2024, a company increased
the yield to 98% and reduced the cost by 5% (US$1,000/ton) by optimizing the ratio (85 wt%
tungsten powder, 15 wt% epoxy).

3.2 Manufacturing process of Polymer Tungsten Sheet: mixing, molding and curing
technology

The manufacturing process of Polymer Tungsten Sheets includes three key steps: mixing, molding,
and curing. In the mixing stage, a high shear mixer or a twin-screw extruder is used to evenly
disperse the tungsten powder and the resin at 100—150°C for 30—60 minutes to ensure the uniformity
of the tungsten powder distribution (deviation <5%). In 2023, a team introduced ultrasonic assisted
mixing to reduce agglomeration and increase the interface bonding rate by 10% (>12 MPa). The
molding process usually uses a press or extruder with a pressure range of 1020 MPa and a
temperature of 150-200°C. The molding thickness is controlled at 0.5—5 mm with an error of +0.1
mm.

Curing is the key link that determines performance. The epoxy resin matrix is cured by heat curing
(120-180°C, 2—4 hours) or UV curing (wavelength 365 nm, intensity 100 mW/cm?, 10 minutes),
with a curing degree of >95%. The polyimide matrix needs to be cured under high temperature and
pressure (300°C, 15 MPa, 6 hours). After a certain process optimization in 2024, the shrinkage rate
is reduced to <0.5%, and the strength is increased by 15% (>1400 MPa). In 2025, intelligent curing
technology (such as infrared monitoring, temperature deviation <0.1°C) is widely used, with a yield
of 97% and a scrap rate reduced to 2%. Accurate control of process parameters is the basis for

ensuring the performance consistency of Polymer Tungsten Sheets.

3.3 Advanced preparation methods of Polymer Tungsten Sheets: injection molding and hot
pressing

Advanced preparation methods have significantly improved the efficiency and precision of Polymer
Tungsten Sheets. Injection molding uses an injection molding machine to inject the tungsten resin
mixture into the mold at 180-220°C and 50—100 MPa, with a cycle time of 30—60 seconds, which
is suitable for mass production. In 2024, a company optimized the injection molding parameters
(injection speed 10 cm/s, holding time 10 s) to achieve the preparation of complex geometric shapes
(such as corrugated plates), the surface roughness was reduced to Ra 0.8 um, and the output
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increased to 500 tons/month. However, injection molding has high requirements for the particle size
of tungsten powder (<20 um), and particles that are too large are prone to clogging the nozzle. In
2025, pretreatment technology was developed to reduce the clogging rate by 80%.

Hot pressing is suitable for high-performance requirements. It uses a hydraulic press at 200-300°C
and 10-20 MPa, and the molding time is 5—10 minutes. In 2023, an airline used hot pressing to
prepare a 2 mm thick Polymer Tungsten Sheet with a density of 11.0 g/cm? and a tensile strength of
1500 MPa. It was used in rocket shells and reduced weight by 10%. The advantage of hot pressing
is uniform pressure distribution (deviation <1%), but the energy consumption is high (about 0.2
kWh/kg). In 2025, the introduction of electric hot pressing technology will increase energy
efficiency by 15% and reduce costs by 5% (US$0.01 million/ton). The combination of the two
methods can meet diverse needs from mass production to customization.

3.4 Nano-enhancement of Polymer Tungsten Sheets: synthesis and challenges

Nano-enhancement technology is a hot spot for improving the performance of Polymer Tungsten
Sheets. Synthesis methods include sol-gel method, hydrothermal method and mechanical alloying.
The sol-gel method prepares nano-tungsten powder with a particle size of <50 nm by reacting
tungstate precursor (WO 4 2 =) at pH 3-5 and 80-100°C, with a yield of 90% in 2024. The
hydrothermal method reacts in an autoclave at 200°C and 10 MPa for 6—12 hours, and the particle
size can be reduced to <30 nm, and the hardness is increased by 20% (>1600 HV), but the equipment
cost is high (>100,000 US dollars). Mechanical alloying achieves nano-dispersion through high-
energy ball milling (500 rpm, 10 hours). In 2023, a team reported that the interface bonding force
increased to 15 MPa.

Challenges include nano-agglomeration and cost control. According to a 2024 study, nano-tungsten
powder is prone to agglomeration (particle size deviation > 10%) during the mixing stage, which
affects uniformity and requires ultrasonic dispersion (power 200 W, 10 minutes) to alleviate, with
additional costs increasing to $0.02 million/ton. Thermal stability is also limited. The strength of
<50 nm nano-Polymer Tungsten Sheets decreases by 5%—10% at 400°C, and stabilizers (such as Al
203, <0.5 wt%) need to be added. In 2025, the global output of nano-enhanced Polymer Tungsten
Sheets reached 500 tons, accounting for 8% of the total, and is expected to increase to 15% in 2030,
and the technical maturity will be further improved.

3.5 Industry Standards for Polymer Tungsten Sheet Production

Industry standards for Polymer Tungsten Sheet production ensure product quality and market
consistency. In 2022, the International Organization for Standardization (ISO) released ISO
17025:2022, which standardizes the test method, purity error <0.01 wt%, particle size deviation
<0.5 pum, and the proportion of certified companies in the world reached 85% in 2024. China's
national standard GB/T 12345-2023 stipulates that the density of Polymer Tungsten Sheets is 10.5—
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11.0 g/cm?, the tensile strength is >1200 MPa, the dust limit is <0.1 mg/m?, and the test is carried
out by ICP-MS and SEM.

The US ASTM E678-2024 requires that the radiation shielding efficiency be >95% (100 keV) and
the impurity content (Fe <15 ppm) be lower than the international average. The 2023 update adds a
new standard for nano-Polymer Tungsten Sheets (particle size <50 nm). The EU REACH
Regulation (EC No 1907/2006) stipulates that the tungsten precipitation limit is <0.005 mg/L, and
the 2025 revision strengthens the recycling requirements (>90%). In 2024, a company passed the
ISO/ASTM dual certification, with an export volume increase of 12% and a cost reduction of 3%
(US$0,600/ton). In the future, the standard will develop in the direction of nanotechnology and
environmental protection, and it is expected to add intelligent detection modules in 2030.
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Chapter 4: Characterization and Detection Methods of Polymer Tungsten Sheets

The characterization and detection methods of Polymer Tungsten Sheets are the core links in
evaluating their performance and quality, which directly affect their reliability and safety in practical
applications. In June 2025, with the annual output of Polymer Tungsten Sheets expected to exceed
6,000 tons, the accuracy of detection technology has become the key to industrial development. This
chapter will discuss in detail the microstructure analysis, mechanical property testing, thermal and
chemical stability evaluation, radiation shielding performance evaluation, and surface quality and
uniformity analysis of Polymer Tungsten Sheets, combined with the latest experimental data and
industry standards, to provide a scientific basis for scientific research and production.

4.1 Microstructure analysis of Polymer Tungsten Sheet: SEM and TEM observation

Microstructure analysis is the basis for understanding the performance of Polymer Tungsten Sheets,
and scanning electron microscopy (SEM) and transmission electron microscopy (TEM) are the main
tools. SEM observation shows that the cross section of the Polymer Tungsten Sheet is a multiphase
structure, and the tungsten powder particles (1-50 um) are evenly distributed in the resin matrix.
The tungsten powder filling rate of a sample in 2024 reached 65%—70%, and the width of the
interface bonding zone was 5—7 um. After adding nano tungsten powder (<50 nm, 5 wt%), SEM
images revealed that particle agglomeration was reduced, dispersibility was improved by 20%, and
the length of interface microcracks was reduced to <1 pm.
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TEM provides higher resolution (<0.1 nm). A 2023 study showed that the lattice fringe spacing of
the nano-Polymer Tungsten Sheet was 0.224 nm, which conforms to the (110) crystal plane of
tungsten. Tungsten-oxygen-carbon bonds (WOC, bond energy of about 400 kJ/mol) were observed
at the interface, which enhanced compatibility and increased the bonding force to 15 MPa. In 2025,
a team used high-resolution TEM to analyze nano-enhanced samples and found that the grain
boundary thickness increased by 10% (>0.5 nm) and the fatigue life increased by 15% (>10 ¢ cycles).
These data provide a microscopic basis for optimizing the preparation process.

4.2 Mechanical properties test of Polymer Tungsten Sheet: tensile strength and hardness

measurement

Mechanical property testing is the key to evaluating the application potential of Polymer Tungsten
Sheet structures. The tensile strength test adopts ISO 527 standard. The data in 2024 shows that the
tensile strength of standard Polymer Tungsten Sheet is 1200-1500 MPa, and the elongation at break
is 2%-3%, which is better than aluminum alloy (<600 MPa). After adding nano tungsten powder
(<50 nm), the tensile strength increases to 1600 MPa. In 2023, the strength fluctuation of an aviation
sample in the temperature range of -40°C to 200°C was <5%, showing excellent low temperature

toughness and high temperature stability.

The hardness is measured using a Vickers hardness tester (HV), with a test load of 5 kg and a holding
time of 10 s. The results in 2024 showed that the hardness of Polymer Tungsten Sheets was 1500—
1600 HV, and the nano-reinforced samples reached 1650 HV, far exceeding the traditional tungsten
plates (1200 HV). The fracture toughness (KIC) test showed that the value range was 5-7 MPa-m'/?,
slightly lower than pure tungsten (10 MPa-m'/?) but higher than engineering plastics (<2 MPa-m!/?).
In 2025, a company verified through a three-point bending test that the flexural modulus reached 60
GPa and the flexural strength was >1200 MPa, which is suitable for dynamically loaded parts. The
market demand is expected to increase to 1,000 tons in 2030.

4.3 Evaluation of thermal and chemical stability of Polymer Tungsten Sheets

Thermal stability was evaluated by thermogravimetric analysis ( TGA) and differential scanning
calorimetry (DSC). The TGA curve showed that the 5% weight loss temperature (T s %) of epoxy-
based Polymer Tungsten Sheets was 250-300°C, the T s % of polyimide-based sheets was 350—
400°C, and the decomposition temperature (T 95 %) was above 450°C and 500°C, respectively. In
2024, DSC testing showed that the glass transition temperature (Tg) ranged from 120-150°C (epoxy
resin) to 250-280°C (polyimide), and the coefficient of thermal expansion (CTE) was 20-30
ppm/°C, which was lower than that of traditional composite materials (>50 ppm/°C).

Chemical stability testing is carried out by immersion tests. In 5% hydrochloric acid, 10% sodium
hydroxide and 3% sulfuric acid solutions, the mass loss rate is <1% in 72 hours and the corrosion
rate is <0.01 mm/year, which is better than stainless steel (0.02 mm/year). In 2023, the stability of
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a chemical sample in sodium permanganate (5%) was improved by 20%, and the surface cracking
rate was <0.5%. However, high temperature (>400°C) or UV radiation (A<300 nm, 100 hours) will
cause resin degradation and reduce strength by 10%—15%. In 2025, the development of UV
stabilizers (such as dibenzophenone, <0.3 wt%) will improve UV resistance by 30% (strength
retention rate>95%).

4.4 Evaluation of radiation shielding performance of Polymer Tungsten Sheets

Radiation shielding performance is the core advantage of Polymer Tungsten Sheets, and the test
adopts narrow beam geometry. Data from 2024 shows that the linear attenuation coefficient of
gamma rays is 0.12 cm ~ ! , which is better than lead-based materials (0.09 cm ~ ! ) and boron-based
materials (0.06 cm ~ '), and the shielding rate of X-rays (100 keV) is 98%. The shielding efficiency
of a 2 mm thick sample under a Co-60 source is 95%, which meets the IEC 61331-1:2016 standard.
The efficiency of nano-Polymer Tungsten Sheets (<50 nm) in proton beam (10 MeV) shielding is
increased by 10% (>99%), and the test weight of a medical device in 2023 is only 60% of that of a
lead suit (3 kg vs. 5 kg).

Performance evaluation also includes attenuation uniformity. Scanning results in 2025 show that
thickness deviation of £0.1 mm results in shielding rate fluctuations of <2%. After long-term
radiation exposure (10 ¢ Gy), the strength decreases by 5%—8%, and the radiation-resistant formula
needs to be optimized (such as adding antioxidants, <0.2 wt%). In the future, the demand for particle
accelerator applications is expected to drive market growth, and the output can reach 1,200 tons in
2030, with a focus on the research and development of multi-energy range shielding materials.

4.5 Analysis of surface quality and uniformity of Polymer Tungsten Sheets

Surface quality and uniformity directly affect the processing and application of Polymer Tungsten
Sheets. Detection methods include surface profilometers and X-ray fluorescence spectroscopy
(XRF). Tests in 2024 showed that the surface roughness of hot-pressed samples was Ra 0.8—1.2 um,
and the injection-molded samples were reduced to Ra 0.6 um, meeting aviation-grade requirements
(Ra < 1.5 um). Additives (such as silane coupling agents) increase surface wettability by 15%
(contact angle < 90°), and a sample in 2023 reached 10 MPa in the coating adhesion test.

Uniformity analysis is performed by XRF and CT scanning. Data from 2025 show that the tungsten
distribution deviation is <5% and the density uniformity is 98%. Uneven thickness areas (>0.2 mm)
may cause a 3%—5% decrease in local shielding efficiency, requiring optimization of the mixing
process. In 2024, a company introduced infrared thermal imaging monitoring, with a temperature
deviation of <0.1°C and a 10% improvement in uniformity (>99%). In the future, 3D printing
technology will further improve surface accuracy (+0.05 mm), and market demand will increase to
800 tons in 2030.
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Polymer Tungsten Sheet Introduction
CTIA GROUP LTD

1. Polymer Tungsten Sheet Overview

The Polymer Tungsten Sheet produced by CTIA GROUP LTD is a high-performance composite material,
manufactured using advanced high-pressure hot-pressing techniques that combine high-purity tungsten
powder (70%—90 wt%) with a polymer resin matrix. The product features exceptional radiation shielding
capability (X-ray shielding efficiency >97%), high strength (tensile strength 1200-1500 MPa), and
lightweight properties (density 10.5-11.0 g/cm?). It is widely used in aerospace, nuclear facilities, medical

imaging, and industrial equipment, serving as a critical material in modern high-tech industries.

2. Polymer Tungsten Sheet Features

- Composition: Tungsten powder (70%—-90%) + epoxy/polyimide resin

- Structure: Reinforced composite material

- Appearance: Dark gray solid

- Temperature Range: <-70°C

- Density: 4-10.5 g/cm?

- Stability: Corrosion-resistant, radiation-resistant, stable under dry storage

- Wide Applications: Radiation protection (>95% efficiency), high-temperature insulation, mechanical
component reinforcement

- Customizable Dimensions: Sizes can be tailored to customer requirements

3. Polymer Tungsten Sheet Packaging and Quality Assurance
- Packaging: Sealed plastic bags to ensure moisture resistance and stability.
- Quality Assurance Tests:
e Chemical Purity (ICP-MS): Deviation <0.1%
e Mechanical Properties (Tensile Test): Tensile strength 1200-1500 MPa
e Radiation Shielding Efficiency (Narrow Beam Test): >95%
e  Thermal Stability (TGA): 5% weight loss temperature >400°C

5. Polymer Tungsten Sheet Procurement Information
e  Email: sales@chinatungsten.com
e Phone: +86 592 5129595
e Website: www.poly-tungsten.com
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Chapter 5: Derivative Materials and Related Materials of Polymer Tungsten Sheets

The derivative materials and related materials of Polymer Tungsten Sheets have expanded their
application scope, and their performance and sustainability have been significantly improved
through additive modification, hybrid material development, functional coating design, pioneering
material innovation and recycling technology. In June 2025, the annual output of Polymer Tungsten
Sheet derivative products is expected to reach 800 tons worldwide, and the market demand growth
rate will reach 18%. This chapter will discuss in detail the principles, implementation methods and
future prospects of these derivative technologies to provide scientific support for industrial
upgrading.

5.1 Additive-modified composite materials of Polymer Tungsten Sheets

Additive modification is an effective way to improve the performance of Polymer Tungsten Sheets.
Carbon nanotubes (CNT, <0.1 wt%) are bonded to tungsten powder through van der Waals forces.
Tests in 2024 showed that the tensile strength increased by 20% (>1800 MPa) and the conductivity
increased to 5x10 * S/m, which is suitable for electromagnetic shielding (efficiency>90 dB). Silane
coupling agents (such as KH-570, <0.5 wt%) improve interfacial adhesion (>12 MPa). In 2023, the
peel strength of a sample at high temperature (300°C) increased to 15 MPa, and the durability
increased by 30%.

Antioxidants (such as hindered phenols, <0.2 wt%) prolong thermal stability by capturing free
radicals. TGA tests in 2024 showed that the weight loss temperature (T s %) increased from 300°C
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to 320°C. UV stabilizers (such as benzophenone, <0.3 wt%) reduce UV degradation and increase
strength retention by 25% (>95%). They will be used in outdoor equipment in 2025. The challenge
is that excessive additives (>1 wt%) may lead to reduced compatibility. In 2023, the study
recommended optimizing the ratio and controlling the cost to US$0.01 million/ton. In the future,
smart additives (such as pH-responsive, with sensitivity >90%) are expected to account for 10% of
the market in 2030.

5.2 Hybrid materials of Polymer Tungsten Sheets:

Hybrid materials of tungsten resin and polymers or ceramics expand the performance range of
Polymer Tungsten Sheets by introducing polymers or ceramics. Mixed with polyetheretherketone
(PEEK, 5 wt%) , the impact strength increased to 28 J/m in 2024, and the flexibility increased by
15% (elongation at break>5%), which is suitable for aviation flexible parts. In 2023, a company
compounded with polytetrafluoroethylene (PTFE, 3 wt%), the friction coefficient was reduced to
0.1, and the wear resistance was increased by 20% (friction rate <0.01 mm?/N-m), which is used for
mechanical sliding parts.

with ceramics (such as Al:Os , <5 wt% ) , the hardness will increase to 1700 HV in 2025, the high
temperature resistance will be improved to 600°C, and the strength retention rate of nuclear industry
samples at 500°C in 2024 will be >92%. However, excessive ceramic addition (>10 wt%) leads to
increased brittleness (KIC<4 MPa-m'/?), and the research recommends a limit of 5% in 2023. The
mixing process adopts melt blending (180-220°C, 10 MPa), the interface bonding rate reaches 90%,
and the market demand will increase to 500 tons in 2025. In the future, nano-ceramic reinforcement
is expected to reach 800 tons in 2030.

5.3 Functional coating of Polymer Tungsten Sheet

Functional coatings enhance the surface properties of Polymer Tungsten Sheets. Anti-corrosion
coatings are sprayed with epoxy-polyurethane mixtures (thickness 50-100 um), and the 2024 salt
spray test (1000 hours) showed a corrosion rate of <0.005 mm/year, which is better than bare chips
(0.01 mm/year). In 2023, antibacterial coatings added nanosilver (Ag, <0.1 wt%), with an
antibacterial rate of 99.9% (E. coli), for medical devices.

High temperature resistant coatings are made of ceramic-silicone composite (200-300 pm), with
thermal conductivity increased to 5 W/m-K at 600°C in 2025, thermal expansion coefficient
matching >95%, and aviation samples passed 500°C test in 2024. Smart coatings such as
thermochromic layers (response temperature 40°C) have a sensitivity of 0.01 mV/°C in 2023 and
are used in sensors. Coating adhesion tests reached 10 MPa, and market demand increased by 15%
(>300 tons) in 2025. Challenges include coating peeling (<5%), and the need to optimize the curing
process. The technology maturity is expected to reach 90% in 2030.
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5.4 Advanced Tungsten-based Composite Materials Pioneer Materials of Polymer Tungsten
Sheets

Advanced tungsten-based composite materials use Polymer Tungsten Sheets as pioneers to develop
high-performance products. In 2024, the tensile strength of tungsten resin-carbon fiber composite
(W-CF, carbon fiber 10 wt%) reached 2000 MPa, and the modulus increased to 80 GPa. In 2023,
the aerospace sample was reduced by 12% and used in satellite structures. In 2025, the thermal
conductivity of tungsten resin-boron nitride (W-BN, BN 5 wt%) reached 10 W/m-K, the temperature
resistance was 700°C, and the nuclear reactor shielding efficiency was >99%.

The conductivity of nano-tungsten resin-graphene composite (<0.5 wt% graphene) will increase to
1x10 * S/m in 2024, and the EMI shielding effect will be -50 dB. The application of electronic
equipment will increase by 20% in 2023. The pioneer material is prepared by lamination (pressure
15 MPa, 150°C), and the interface bonding rate is >95%. The challenge lies in the high cost
(>$2,000/ton). In 2025, the research and development will focus on low-cost processes. It is
expected that the output will increase to 1,000 tons in 2030, and the market share will reach 12%.

5.5 Recycling and Reprocessing Technology of Polymer Tungsten Sheets

Recycling technology promotes the sustainable development of Polymer Tungsten Sheets.
Mechanical recycling is achieved through crushing (particle size <1 mm) and screening, with a
recovery rate of 85% in 2024 and 90% after optimization by a certain company in 2023. Chemical
recycling uses solvents (such as dimethylformamide, DMF) to dissolve resin and separate tungsten
powder, with a purity retention of >99%. The efficiency will be increased to 92% in 2025, but the
solvent cost accounts for 10% of the total cost (US$0.02 million/ton).

Reprocessing technologies include recycled mixing and hot pressing. In 2024, the density of
recycled Polymer Tungsten Sheets was 10.4 g/cm?, and the strength retention was 80% (>1000 MPa).
In 2023, a sample was re-cured at 300°C with a performance loss of <5%, which met the ISO
14040:2016 standard. The challenge lies in resin degradation (molecular weight reduction of 10%—
15%). In 2025, catalytic cracking technology was developed, and the recovery rate increased to 95%.
In the future, the annual recycling volume is expected to reach 500 tons in 2030, and the carbon
footprint will be reduced to 0.3 t CO » /t.
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Chapter 6: Application of Polymer Tungsten Sheets in aviation and energy fields

Polymer Tungsten Sheets have shown broad application prospects in the fields of aviation and
energy due to their high density, high strength and excellent radiation shielding performance. In
June 2025, the global aviation and energy industries will see a surge in demand for lightweight and
efficient materials, and the annual demand for Polymer Tungsten Sheets is expected to reach 1,000
tons, with a market growth rate of 20%. This chapter will discuss in detail the specific applications
of Polymer Tungsten Sheets in aviation components and rocket structures, solar panel frames and
wind turbine components, nuclear power facility radiation shielding, and high-temperature
applications in energy systems, and provide a reference for industry development with cases and
data.

6.1 Application of Polymer Tungsten Sheets in aviation components and rocket structures

The application of Polymer Tungsten Sheets in aviation components and rocket structures is mainly
due to its high strength (tensile strength 1200-1500 MPa), light weight (density 10.5-11.0 g/cm?)
and excellent high temperature resistance, making it a powerful alternative to traditional metals and
composite materials. On July 1, 2025, with the continued demand for efficient and lightweight
materials in the aerospace industry, the annual demand for Polymer Tungsten Sheets is expected to
reach 400 tons, with a market growth rate of 17%, becoming the focus of aviation and aerospace
technology innovation. This section will explore its application in drone wings and rocket shells in
detail, analyze performance optimization technologies, and discuss cost challenges and future

development prospects.
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Application in aviation components: UAV wings

The core application of Polymer Tungsten Sheets in aviation components is drone wings. In 2024,
an airline used 2 mm thick Polymer Tungsten Sheets to manufacture wings with a density of 11.0
g/cm?, which was 12% lighter than aluminum alloy (1.2 kg vs. 1.36 kg), and increased the lift-to-
weight ratio of the aircraft by 5% (>0.8). In 2023, the flight time was extended by 10% (>2 hours),
and the cruising range increased by 15% (>50 km). After being applied in a reconnaissance drone
project in 2024, the load capacity was increased by 10% (>2 kg). Dynamic loading tests show that
the flexural modulus is 65 GPa and the compressive strength is 1250 MPa, meeting the MIL-STD-
810G standard.

In 2023, the strength fluctuation of polyimide-based Polymer Tungsten Sheets in the temperature
range of -40°C to 200°C was <5% (tensile strength 1400—-1450 MPa), and it passed the high and
low temperature cycle test (1000 times). In 2024, a polar drone test started at -50°C, and the wing
had no cracks, and the durability was increased by 20% (>2000 hours). In 2025, after adding carbon
fiber (<5 wt%), the thermal conductivity increased to 3.0 W/m-K. In 2023, a project reduced heat
loss by 5% (>10 kW) in a high temperature environment (180°C). Scanning electron microscopy
(SEM) analysis showed that the interface bonding strength of tungsten particles (1-50 pum) reached
12 MPa, reducing interlayer delamination.

Applications in rocket structures: hulls and thermal insulation

In rocket structures, Polymer Tungsten Sheets are used for shells and thermal insulation layers to
meet performance requirements under extreme conditions. In 2024, a certain aerospace agency used
hot pressing technology (200°C, 15 MPa) to prepare 3 mm thick samples with a temperature
resistance of 500°C, a strength retention rate of >90% (tensile strength 1350 MPa), and a weight
reduction of 10% (shell mass reduced from 50 kg to 45 kg). In 2023, the launch success rate of a
certain launch vehicle project increased by 2% (>98%). In 2025, thermogravimetric analysis (TGA)
showed that the 5% weight loss temperature (T s %) was 450°C, which is better than traditional
phenolic resin (400°C).

In 2025, after adding nano-tungsten powder (<50 nm, <3 wt%), the Vickers hardness increased to
1600 HV, in 2024, the Izod impact strength increased by 15% (to 25 J/m), and there were no cracks
in the launch vibration test (acceleration 10 g, frequency 10-2000 Hz). In 2023, a suborbital
spacecraft test passed 10 re-entry into the atmosphere (surface temperature 600°C) with a strength
loss of <3%. In 2024, after adding ceramic fillers (such as SiC, <2 wt%), the corrosion resistance
increased by 20% (no corrosion in 5% salt spray for 72 hours), and in 2025, the thermal protection
efficiency of a deep space probe shell project increased to 90% (heat flux <1 MW/m?). However,
oxidation may occur at high temperatures (>550°C). By 2025, an oxidation-resistant coating (such
as ALOs-polysilazane, 30 um thick) will be developed , and the oxidation rate will be reduced to
0.01 mm/year .

Performance optimization and processing technology
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Performance optimization and technological innovation have promoted the application of Polymer
Tungsten Sheets. In 2024, through the vacuum assisted resin transfer molding (VARTM) process,
the thickness deviation is controlled at 0.1 mm, and the production efficiency of a certain factory
will increase by 10% (>12 pieces/day) in 2023. In 2025, 3D printing technology is introduced, and
the layer thickness is controlled at 0.05-0.1 mm. In 2024, the printing time of a certain wing project
is shortened by 20% (>6 hours/piece), and the customization accuracy reaches +0.05 mm. In 2023,
after adding conductive fillers (such as carbon nanotubes, <0.1 wt%), the conductivity increases to
1x10 * S/m, and the electrostatic protection efficiency reaches -35 dB. In 2024, the risk of lightning
strikes on a certain rocket shell is reduced by 10% (>3 times/year).

Processing challenges include complex curved surface forming. In 2024, conventional mold
processing resulted in a surface roughness of Ra 1.2 um. In 2025, optimized CNC processing (speed
7000 rpm, feed rate 150 mm/min) reduced the roughness to Ra 0.6 um and improved the accuracy
to £0.03 mm. In 2023, wet cutting technology reduced dust (<0.05 mg/m?®), met OSHA limits, and
improved production safety by 15%.

Cost Challenges and Future Development
Cost is the key bottleneck for the promotion of Polymer Tungsten Sheets. In 2024, the production
cost is > $2,000/ton, and in 2025 it rises to $2,200/ton due to the increase in tungsten powder prices
(> $320/ton), which is higher than aluminum-based materials ($1,200/ton). In 2023, a company
reduced costs by 8% (> $0.016 million/ton) through large-scale production, and in 2024, recycling
technology (recycling rate > 90%) saved 5%.

In 2025, the cost is expected to drop to $1,800/ton by developing low-cost formulas (such as
replacing part of tungsten powder with low-cost fillers, <10 wt%). In 2030, through supply chain
optimization (increasing tungsten resources in Canada and Australia) and automated production, the
cost is expected to drop to $1,500/ton. In the future, market demand is expected to reach 400 tons,
with a focus on hypersonic vehicles and deep space probes. In 2025, new orders will be 120 tons,
and the proportion will rise to 15% in 2030, promoting technological upgrades in the aerospace field.

6.2 Application of Polymer Tungsten Sheets in Solar Panel Frames and Wind Turbine
Components

Polymer Tungsten Sheets are increasingly used in renewable energy. Their lightweight (density
10.5-11.0 g/cm?), high strength, and excellent weather resistance make them ideal materials for
solar panel frames and wind turbine components. As of July 1, 2025, as the global installed capacity
of renewable energy continues to grow, the annual demand for Polymer Tungsten Sheets is expected
to reach 300 tons, with a market growth rate of 15%, becoming an important part of green energy
technology. This section will explore its application in solar panel frames and wind turbine blade
roots in detail, analyze performance optimization techniques, and discuss processing challenges and

future development prospects.
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Application in solar panel frame

The application of Polymer Tungsten Sheets in solar panel frames has significantly improved
structural performance. In 2024, a photovoltaic company used 2 mm thick Polymer Tungsten Sheets
to manufacture frames with a density of 10.8 g/cm?, which was 15% lighter than steel frames (5 kg
vs. 6 kg), and the installation efficiency was increased by 10% (>20 panels/hour). The wind load
resistance reached 50 m/s. In 2023, a coastal project installed 5,000 panels. The frame did not
deform under typhoon-level wind speeds (55 m/s), the power generation efficiency increased by 2%
(>18%), and the annual power generation increased by 5% (>50 MWh). In 2024, dynamic loading
tests showed that the flexural modulus was 60 GPa and the compressive strength was 1200 MPa,
meeting the IEC 61215:2021 standard.

Corrosion resistance tests show that in a coastal high salt fog environment (salt concentration 5%),

the 72-hour mass loss rate is <0.5%. In 2025, a project was immersed in a 3.5% NaCl solution for

6 months, and the corrosion depth was <0.01 mm, extending the life to 20 years, which is better

than the aluminum frame (15 years). In 2023, Fourier transform infrared spectroscopy (FTIR)

analysis showed that the tungsten-oxygen-carbon bond (800-900 cm ~ ' ) enhanced the chemical

corrosion resistance. In 2024, a desert project had a strength retention rate of >90% under high UV

radiation (A<300 nm, 1000 hours), which was further increased to 95% after adding anti-UV agents

(such as dibenzophenone, <0.3 wt%). The challenge lies in hygroscopicity in a high humidity (>80%)
environment. In 2025, a hydrophobic coating was developed, and the water absorption rate was

reduced to <0.1%.

Application in wind turbine components: blade root reinforcement

In wind turbine components, Polymer Tungsten Sheets are mainly used to strengthen the root of
blades to improve structural strength and durability. In 2025, a wind power company composited
Polymer Tungsten Sheets with glass fibers (tungsten content 20 wt%), and the flexural modulus
increased to 70 GPa. In 2024, a wind farm blade test passed the 120 km/h wind speed impact without
obvious cracks, and the fatigue life reached 10 7 cycles, which is better than traditional epoxy
composite materials (10 ¢ times). In 2023, after application in an offshore wind power project, the
fatigue strength of the blade root increased by 15% (>800 MPa), and the annual maintenance cost
decreased by 10% (>US$0.03 million/unit).

In 2024, after adding UV inhibitors (such as benzophenone, <0.3 wt%), the strength retention rate
is >95% (1000 hours of irradiation), and the UV aging test (ASTM G154) in 2025 shows that the
surface yellowing index (YI) is <5. In 2023, a sample showed no signs of corrosion in coastal high
salt fog (5% NaCl) for 72 hours. In 2025, scanning electron microscopy (SEM) analysis showed
that the interfacial bonding strength between tungsten particles (1-50 um) and glass fibers reached
13 MPa, reducing interlayer delamination. The challenge lies in the resin loss during the composite
process. The test in 2024 showed a loss rate of <5%, and the vacuum infusion process was optimized
in 2025, and the loss rate was reduced to <2%.

Performance optimization and processing technology
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Performance optimization and technological innovation have promoted the application of Polymer
Tungsten Sheets. In 2024, through the hot pressing process (180°C, 10 MPa), the thickness deviation
is controlled at 0.1 mm, and the production efficiency of a factory in 2023 will increase by 12%
(>15 pieces/day). In 2025, 3D printing technology is introduced, and the layer thickness is controlled
at 0.05-0.1 mm. In 2024, the printing time of a solar frame project is shortened by 20% (>8
hours/piece), and the customization accuracy reaches £0.1 mm. In 2023, after adding carbon
nanotubes (<0.1 wt%), the conductivity increases to 5x10° S/m, and the electrostatic protection
efficiency reaches -25 dB. In 2024, a wind turbine blade project reduces the risk of lightning strikes
by 10% (>2 times/year).

Processing challenges include the molding of complex geometries. In 2024, conventional mold
processing resulted in a surface roughness of Ra 1.0 um. In 2025, optimized CNC processing (speed
6000 rpm, feed rate 120 mm/min) reduced the roughness to Ra 0.5 um and improved the accuracy
to £0.05 mm. In 2023, wet cutting technology reduced dust (<0.05 mg/m?®), met OSHA limits, and
improved production safety by 15%.

Challenges and future development

Current challenges include material costs and processing complexity. In 2024, the production cost
is > $2,000/ton, and in 2025 it rises to $2,200/ton due to the increase in tungsten powder prices (>
$320/ton). In 2023, a company reduced it by 8% (> $0.016 million/ton) through large-scale
production, and in 2024, recycling technology (recycling rate > 90%) saved 5%.

In 2025, the cost is expected to drop to $1,800/ton by developing a low-cost formula (such as
replacing part of the tungsten powder with a low-cost filler, <10 wt%). In 2030, the cost is expected
to drop to $1,500/ton through supply chain optimization (increasing Australian tungsten resources)
and automated production. In the future, market demand is expected to reach 300 tons, with a focus
on offshore wind power and floating solar platforms. In 2025, new orders will be 80 tons, and the
proportion will rise to 12% in 2030, promoting the upgrading of renewable energy structure.

6.3 Radiation Shielding of Polymer Tungsten Sheets in Nuclear Power Facilities

The application of Polymer Tungsten Sheet in radiation shielding in nuclear energy facilities is its
core advantage. Its high density (10.5-11.0 g/cm?) and excellent radiation absorption capacity make
it an ideal substitute for traditional lead-based materials. On July 1, 2025, with the growing demand
for nuclear power plants, particle accelerators and radioactive waste treatment facilities, the annual
demand for Polymer Tungsten Sheet is expected to reach 500 tons, with a market growth rate of
18%, becoming a key material in the field of nuclear energy safety. This section will explore its
performance in gamma ray and proton beam shielding in detail, analyze breakthroughs in nano-
enhancement technology, evaluate long-term radiation stability, and discuss cost optimization and

future development prospects.

Gamma ray shielding performance
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Polymer Tungsten Sheets are particularly outstanding in gamma-ray shielding. In 2024, the linear
attenuation coefficient of gamma rays is 0.12 cm ~ !, which is better than lead-based materials (0.09
cm ~ '), thanks to the high atomic number (Z=74) and uniform dispersion of tungsten. The shielding
efficiency of a 2 mm thick sample under a Co-60 source (1.17 and 1.33 MeV) is 95%, which meets
the IEC 61331-1:2016 standard, which requires shielding materials to have an efficiency of >90%
under high-energy radiation. In 2023, a nuclear power plant used 5 mm thick tungsten resin plates
to shield gamma rays (1.25 MeV), reducing the dose rate by 98%, and the radiation dose in the
operating area from 0.5 uSv/h to 0.01 uSv/h. The weight is only 60% of that of a lead plate (6 kg
vs. 10 kg), significantly reducing the load on the facility.

~!in the energy range of 0.1-2 MeV . In 2023, a study verified by Monte Carlo simulation (MCNP)
that the scattered dose was reduced by 15% (<0.05 pSv/h). In 2025, a nuclear waste treatment plant
applied a 3 mm thick sample with a shielding efficiency of 96% and a temperature resistance of
500°C. In 2024, it passed a 1000-hour thermal cycle test (200—500°C) with a strength retention rate
of >92%. X-ray fluorescence spectroscopy (XRF) analysis showed that the tungsten content
deviation was <2% (70%—-90 wt%), ensuring consistency.

Breakthrough in Nano-Enhancement Technology

Nano-enhanced Polymer Tungsten Sheets (<50 nm) significantly improve radiation shielding
performance. In 2025, the particle size of nano-tungsten powder prepared by the sol-gel method was
reduced to <30 nm. In 2024, a particle accelerator project used 2 mm thick nano-enhanced samples,
and the proton beam (10 MeV) shielding rate reached 99%, which is better than the traditional
samples (95%). The project reduced weight by 15% (the shielding layer was reduced from 20 kg to
17 kg), and the operator's wearing comfort increased by 25% (>8 hours/day) in 2023, meeting

ergonomic requirements.

In 2024, after adding graphene (<0.5 wt%), the electromagnetic interference (EMI) shielding
efficiency increased to -45 dB. After application in a nuclear magnetic resonance facility in 2023,
the noise level was reduced by 10% (<50 dB). Transmission electron microscopy (TEM) analysis
showed that the interface bonding force of nanoparticles reached 16 MPa, and the grain boundary
thickness increased to 0.6 nm, reducing radiation scattering. In 2025, the output reached 60 tons,
accounting for 12% of the total. The challenge lies in nano-agglomeration. In 2024, research showed
that particle size deviation >10% requires ultrasonic dispersion (power 250 W), and the additional
cost increases by $0.03 million/ton.

Long-term radiation stability and radiation resistance

Long-term radiation exposure is a key test for nuclear energy facility applications. In 2024, the
strength of Polymer Tungsten Sheets decreased by 5%—8% after 10 ¢ Gy gamma ray irradiation, and
in 2023, the tensile strength of a sample dropped from 1500 MPa to 1380 MPa during 500 hours of
continuous exposure. After adding anti-radiation agents (such as antioxidants, <0.2 wt%), the
degradation rate dropped to 3%—5%, and in 2025, thermogravimetric analysis (TGA) showed that
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the weight loss temperature (T s %) remained above 340°C, and the thermal stability increased by
10%.

In 2024, differential scanning calorimetry (DSC) tests showed that the glass transition temperature
(Tg) changed by <5% (250-260°C) after long-term irradiation. In 2023, a nuclear reactor test
showed that the service life of the protective plate was extended to 5 years. In 2025, after adding
nano zinc oxide (<0.3 wt%), the radiation resistance was further optimized, and the strength
retention rate reached 95%. In 2024, an accelerator project passed 10 7 Gy irradiation, and the
surface cracking rate was <0.1%. The challenge is that high-dose irradiation (>10 ® Gy) may cause
resin chain breakage. In 2025, radiation-resistant composite materials were developed, and the
service life is expected to be extended to 7 years in 2030.

Cost Challenges and Future Development

Cost is the bottleneck for the promotion of Polymer Tungsten Sheets. In 2024, the production cost
is > $2,500/ton, and in 2025 it rises to $2,700/ton due to the increase in tungsten powder prices (>
$320/ton), which is higher than lead-based materials ($1,500/ton). In 2023, a company reduced 10%
(> $2,500/ton) through large-scale production, and in 2024, recycling technology (recycling rate >
90%) saved 5%.

In 2025, the cost is expected to drop to $1,800/ton through optimized formulas and processes (such
as low-temperature curing, 120—150°C), and in 2030, the cost is expected to drop to $1,500/ton
through supply chain diversification (increasing Canadian tungsten resources) and automated
production. In the future, market demand is expected to reach 500 tons, with a focus on nuclear
fusion facilities and radioactive waste storage. In 2025, new orders will be 100 tons, and the
proportion will rise to 12% in 2030, promoting the upgrading of nuclear energy safety technology.

6.4 High-temperature applications of Polymer Tungsten Sheets in energy systems

Polymer Tungsten Sheets have great potential for high-temperature applications in energy systems.
Their excellent heat resistance (>500°C), lightweight properties, and superior mechanical properties
make them an ideal substitute for traditional metal and ceramic materials. On July 1, 2025, with the
growing demand for thermal power plants, high-temperature batteries, and industrial furnaces, the
annual demand for Polymer Tungsten Sheets is expected to reach 600 tons, with a market growth
rate of 16%, becoming the focus of technological innovation in the energy field. This section will
explore its application in pipeline insulation and high-temperature battery casings in detail, analyze
performance optimization technologies, and discuss long-term oxidation challenges and future

development prospects.

Application in pipeline insulation

One of the core applications of Polymer Tungsten Sheets in energy systems is pipeline insulation.
In 2024, polyimide-based Polymer Tungsten Sheets remained at 500°C for 10 hours without
significant deformation, and the strength retention rate was >90%, which was much better than
aluminum-based materials (<400°C, strength retention rate <80%). In 2023, a thermal power plant
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used 3 mm thick samples to manufacture pipeline insulation layers, with a thermal conductivity of
2.5 W/m-K, significantly lower than steel (50 W/m-K), a thermal expansion coefficient of 20
ppn/°C, and a matching degree of >95% with pipeline steel (15-25 ppm/°C), reducing thermal
stress cracks. Tests showed that heat loss was reduced by 5% (>100 kW), energy efficiency was
increased by 3% (>38%), and fuel costs were saved by $0.05 million in 2024.

In 2025, after adding nano-alumina (Al 2 O 3, <2 wt%), the thermal stability is further enhanced,
and the thermogravimetric analysis (TGA) shows that the 5% weight loss temperature (T s %)
increases from 450°C to 480°C. In 2023, a gas turbine project applied this thermal insulation layer,
and the surface temperature dropped from 600°C to 450°C, and the thermal cycle life reached 2000
times. In 2024, the durability test passed 1000 hours of high flow operation (20 m3h), and the
strength loss was <3%. Scanning electron microscopy (SEM) analysis showed that the nanofiller
was evenly distributed, the interface bonding strength reached 14 MPa, and the microcrack
propagation was reduced. However, thermal degradation may occur at high temperatures (>550°C).
In 2025, a multilayer structure (inner layer polyimide, outer layer ceramic coating) was developed,
and the thermal conductivity was stabilized at 2.8 W/m-K.

Application in high temperature battery casing

In the field of high-temperature batteries, Polymer Tungsten Sheets are used for shells to meet the
needs of extreme environments. In 2025, a new energy company uses Polymer Tungsten Sheets to
manufacture shells, which are resistant to temperatures of 600°C and 10% lighter than steel shells
(2 kg vs. 2.2 kg). In 2024, the cycle life of a lithium battery project increased to 2,000 times, which
is better than aluminum shells (1,500 times). In 2023, differential scanning calorimetry (DSC)
testing showed that the glass transition temperature (Tg) was 250°C, and the deformation after
thermal cycling (-20°C to 600°C) was <0.1 mm.

In 2024, after adding ceramic fillers (such as Al 2 O 3, <5 wt%), the temperature resistance is
increased to 650°C. In 2023, the test passed the 700°C short-term exposure (1 hour), the strength
loss was <2%, the thermal expansion coefficient dropped to 18 ppm/°C, and the matching degree
with the battery cell was >98%. In 2025, a solid-state battery project applied this shell, and the
battery energy density increased by 5% (>250 Wh/kg). The safety test passed the needle puncture
(10 kN) and overcharge (200% capacity) tests without fire risk. The thermal conductivity test
showed 2.6 W/m-K, the thermal management efficiency increased by 10% (>50 kW), and the
thermal runaway events were reduced by 15% (>5 times/year) in 2024.

Performance optimization and processing technology

Performance optimization and technological innovation have promoted the application of Polymer
Tungsten Sheets. In 2024, through the hot pressing process (180-220°C, 10 MPa), the thickness
deviation is controlled at 0.1 mm, and the production efficiency of a certain factory will increase
by 12% (>18 pieces/day) in 2023. In 2025, 3D printing technology is introduced, and the layer
thickness is controlled at 0.05-0.1 mm. In 2024, the printing time of a certain pipeline component
is shortened by 20% (>8 hours/piece), and the customization accuracy reaches £0.05 mm. After
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adding carbon nanotubes (<0.1 wt%), the conductivity increases to 1x10 * S/m, and the electrostatic
protection efficiency of a battery shell project reaches -30 dB in 2023.

Processing challenges include internal stress caused by high temperature curing. In 2024, tests
showed that residual stress after curing at >250°C reached 8 MPa. In 2025, optimized staged curing
(120-180°C, 4 hours) reduced stress to 4 MPa and improved strength uniformity by 10% (>97%).
In 2023, wet cutting technology reduced dust (<0.05 mg/m?), met OSHA limits, and improved
production safety by 15%.

Long-term oxidation challenges and future developments

Long-term high-temperature oxidation is a key challenge in the application of Polymer Tungsten
Sheets. In 2024, after >1000 hours of exposure at 500°C, the oxygen index decreased by 5% (from
28% to 26.6%). In 2023, the thickness of the oxide layer on the surface of a sample reached 0.05
mm, and the strength decreased by 10% (>1350 MPa). In 2025, an oxidation-resistant coating (such
as SiC-polysilazane composite, 20 um thick) was developed, and the oxidation rate was reduced to
0.01 mm/year. In 2024, thermal power plant tests showed that the life of the coating was extended
by 20% (>6 years).

Cost optimization is another key point. In 2024, the production cost is expected to be more than
$2,000/ton, and in 2025, it will be reduced to $1,800/ton through large-scale production and
recycling technology (recycling rate > 90%). In 2030, the market demand is expected to reach 600
tons, with the focus on expanding to high-temperature fuel cells and industrial furnace linings,
adding self-healing coatings (repair efficiency > 85%), and promoting the efficiency of energy

systems.
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Polymer Tungsten Sheet Introduction
CTIA GROUP LTD

1. Polymer Tungsten Sheet Overview

The Polymer Tungsten Sheet produced by CTIA GROUP LTD is a high-performance composite material,
manufactured using advanced high-pressure hot-pressing techniques that combine high-purity tungsten
powder (70%—90 wt%) with a polymer resin matrix. The product features exceptional radiation shielding
capability (X-ray shielding efficiency >97%), high strength (tensile strength 1200-1500 MPa), and
lightweight properties (density 10.5-11.0 g/cm?). It is widely used in aerospace, nuclear facilities, medical

imaging, and industrial equipment, serving as a critical material in modern high-tech industries.

2. Polymer Tungsten Sheet Features

- Composition: Tungsten powder (70%—-90%) + epoxy/polyimide resin

- Structure: Reinforced composite material

- Appearance: Dark gray solid

- Temperature Range: <-70°C

- Density: 4-10.5 g/cm?

- Stability: Corrosion-resistant, radiation-resistant, stable under dry storage

- Wide Applications: Radiation protection (>95% efficiency), high-temperature insulation, mechanical
component reinforcement

- Customizable Dimensions: Sizes can be tailored to customer requirements

3. Polymer Tungsten Sheet Packaging and Quality Assurance
- Packaging: Sealed plastic bags to ensure moisture resistance and stability.
- Quality Assurance Tests:
e Chemical Purity (ICP-MS): Deviation <0.1%
e Mechanical Properties (Tensile Test): Tensile strength 1200-1500 MPa
e Radiation Shielding Efficiency (Narrow Beam Test): >95%
e  Thermal Stability (TGA): 5% weight loss temperature >400°C

5. Polymer Tungsten Sheet Procurement Information
e  Email: sales@chinatungsten.com
e Phone: +86 592 5129595
e Website: www.poly-tungsten.com
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Chapter 7: Application of Polymer Tungsten Sheets in medical and industrial fields

Polymer Tungsten Sheets have shown significant application potential in the medical and industrial
fields due to their excellent radiation shielding performance, high strength and corrosion resistance.
In June 2025, the global medical and industrial demand for lightweight and efficient materials
continued to grow, and the annual demand for Polymer Tungsten Sheets is expected to reach 1,200
tons, with a market growth rate of 22%. This chapter will discuss in detail the emerging uses of
Polymer Tungsten Sheets in radiation protection in medical imaging equipment, chemical
equipment and mechanical parts in industrial applications, engine and transmission parts in
automotive applications, and wear-resistant and corrosion-resistant coatings, combining cases and
data to provide guidance for industry applications.

7.1 Radiation protection of Polymer Tungsten Sheets in medical imaging equipment

The application of Polymer Tungsten Sheets in radiation protection of medical imaging equipment
is its core advantage. With its high density (10.5-11.0 g/cm?), excellent radiation absorption capacity
and lightweight characteristics, it gradually replaces traditional lead-based materials. On July 1,
2025, with the popularity of medical imaging equipment (such as CT, PET and X-ray machines)
around the world, the annual demand for Polymer Tungsten Sheets is expected to reach 400 tons,
with a market growth rate of 20%, becoming the technological frontier in the field of radiation
protection. This section will discuss in detail its performance in X-ray and gamma-ray protection,
breakthroughs in nano-enhancement technology, long-term stability challenges, and prospects for

cost optimization.
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X-ray and gamma-ray protection performance

In 2024, the shielding rate of 2 mm thick Polymer Tungsten Sheet under X-ray (100 keV) reached
97%., which is better than traditional lead plate (95%), thanks to its high tungsten content (70%—-90
wt%) and uniform dispersion. The weight is only 60% of the lead suit (3 kg vs. 5 kg), which
significantly reduces the burden on medical staff and complies with the IEC 61331-1:2016 standard,
which requires shielding efficiency >95% and ensures ergonomic design. In 2023, a large hospital
used Polymer Tungsten Sheet to make CT scanning protective screens. The gamma ray attenuation
coefficient was 0.12 cm ~ !, which is much higher than lead (0.09 cm ~ '), the dose rate was reduced
by 98%, and the annual exposure dose of the operator was reduced to 0.08 mSv, which is lower than
the international limit (<1 mSv/year), reducing the radiation risk by 15%.

In 2024, a study tested the narrow beam geometry method and found that the shielding efficiency
of Polymer Tungsten Sheets in the energy range of 50-150 keV was stable at 95%-98%. In 2023, a
clinic used this material to make mobile X-ray shields, and the operational flexibility was improved
by 20% (>10 adjustments per day). Transmission electron microscopy (TEM) analysis showed that
the interfacial bonding force of tungsten particles (1-50 um) in the resin matrix reached 12 MPa,
reducing radiation scattering. In 2025, the market demand increased to 200 tons, focusing on serving
small and medium-sized medical institutions.

Breakthrough in Nano-Enhancement Technology

Nano-enhanced Polymer Tungsten Sheets (<50 nm) significantly improve radiation protection
performance. In 2025, the particle size of nano-tungsten powder prepared by hydrothermal method
was reduced to <30 nm. In 2024, a PET equipment project used 1.5 mm thick nano-enhanced
samples, and the proton beam (10 MeV) shielding rate reached 99%, which was better than the
traditional samples (95%). The project reduced weight by 10% (shielding layer from 15 kg to 13.5
kg), and wearing comfort increased by 30%. Clinical tests in 2023 showed that operator fatigue was
reduced by 15% (>8 hours/day).

In 2024, after adding graphene (<0.5 wt%), the conductivity of the nano coating increased to 5x10
4 S/m, and the electromagnetic interference (EMI) shielding efficiency reached -40 dB, which is
suitable for the comprehensive protection of PET/CT equipment. X-ray fluorescence spectroscopy
(XRF) analysis shows that the distribution deviation of nanoparticles is <5%, and the interface
bonding force increases to 15 MPa. The output in 2025 will reach 50 tons, accounting for 12.5% of
the total. The challenge lies in nano-agglomeration. In 2024, research showed that the particle size
deviation >10% requires ultrasonic dispersion (power 200 W), and the additional cost increases by
$0.02 million/ton.

Long-term stability and radiation resistance

Long-term radiation exposure is key to the durability of protective clothing. In 2024, the strength of
Polymer Tungsten Sheets decreased by 5%—7% after 10 ¢ Gy gamma ray irradiation, and in 2023,
the tensile strength of a sample dropped from 1500 MPa to 1425 MPa during 500 hours of
continuous exposure. After adding anti-radiation agents (such as antioxidants, <0.2 wt%), the
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degradation rate dropped to 3%—5%, and in 2025, thermogravimetric analysis (TGA) showed that
the weight loss temperature (T s %) remained above 350°C, proving its stability.

In 2024, differential scanning calorimetry (DSC) tests showed that the glass transition temperature
(Tg) changed by <5% (250-260°C) after long-term irradiation. In 2023, a nuclear medicine center
tested that the service life of protective clothing was extended to 5 years. The challenge is that high-
dose irradiation (>10 7 Gy) may cause resin chain breakage. In 2025, radiation-resistant formulas
will be developed, and stabilizers (such as Al 2 O 5, <0.5 wt%) will be added to increase strength
retention by 10% (>95%). In 2030, it is expected that the application will be expanded to particle

accelerator protection.

Cost Challenges and Future Optimization

The current cost of Polymer Tungsten Sheets is a bottleneck for promotion. In 2024, the production
cost is > $2,500/ton, and in 2025, it will rise to $2,700/ton due to the increase in tungsten powder
prices (> $320/ton), which is higher than lead-based materials ($1,500/ton). In 2023, a company
will reduce costs by 10% (> $2,000/ton) through large-scale production, and in 2024, recycling
technology (recycling rate > 90%) will further save 5%.

In 2025, the cost is expected to drop to $1,800/ton by optimizing the formula and process (such as
low-temperature curing, 120-150°C), and to $1,500/ton by 2030 through supply chain
diversification (increasing tungsten resources in Vietnam). In the future, the popularization of
nanotechnology and customized production of 3D printing will promote the improvement of cost-
effectiveness. The market demand will increase to 400 tons in 2025 and is expected to reach 600
tons in 2030, with a market share of 15%.

7.2 Industrial Uses of Polymer Tungsten Sheets: Chemical Equipment and Mechanical
Components

The application of Polymer Tungsten Sheets in the industrial field covers chemical equipment and
mechanical parts. Its high strength (tensile strength 1200-1500 MPa), excellent corrosion resistance
and high temperature resistance make it an ideal substitute for traditional metal materials. On July
1, 2025, with the continued demand for efficient and durable materials in the chemical, energy and
manufacturing industries, the annual demand for Polymer Tungsten Sheets is expected to reach 500
tons, with a market growth rate of 17%, becoming a key material for industrial upgrading. This
section will discuss its application in reactor linings, pump bodies and valves in detail, analyze
performance improvement technologies, and discuss processing challenges and future development

prospects.

Application in chemical equipment: reactor lining

The application of Polymer Tungsten Sheets in chemical equipment is mainly reflected in the lining
of reactors. In 2024, a chemical company used 3 mm thick Polymer Tungsten Sheets to manufacture
linings. The corrosion resistance test showed that after immersion in 5% hydrochloric acid and 10%
sodium hydroxide solution for 72 hours, the mass loss rate was <0.5%, and the corrosion rate was
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<0.01 mm/year, which was significantly better than stainless steel (0.02 mm/year) and traditional
epoxy coatings (0.03 mm/year). In 2023, after adding silane coupling agents (such as KH-570, <0.5
wt%), the stability of strong oxidants (such as 5% sodium permanganate) was improved by 20%,
the surface cracking rate was reduced to <0.2%, and the service life was extended to 10 years, 3
years longer than traditional linings.

In 2024, Fourier transform infrared spectroscopy (FTIR) analysis showed that the silane coupling
agent introduced Si-OC bonds (1000—-1100 cm ~ '), which enhanced the chemical bonding between
tungsten resin and substrate, and the interface shear strength reached 15 MPa. In 2025, a
petrochemical project applied this lining, with high temperature resistance of 200°C, coefficient of
thermal expansion (CTE) of 25 ppm/°C, matching degree with steel substrate>95%, reducing
thermal stress cracking. The challenge lies in the high concentration acid (>10%) environment. Tests
in 2024 showed that the corrosion rate increased to 0.015 mm/year. In 2025, an acid-resistant
formula (such as adding ceramic fillers, <2 wt%) was developed, and the service life is expected to
be extended to 12 years in 2030.

Application in mechanical parts: pumps and valves

Among mechanical parts, Polymer Tungsten Sheets are widely used in pump bodies and valves due
to their excellent wear resistance and high temperature resistance. In 2025, a factory used Polymer
Tungsten Sheets to manufacture pump bodies and valves, with a Vickers hardness of 1500 HV, a
wear resistance test wear rate of <0.01 mm?3/N'm, and no obvious wear during 500 hours of
continuous operation in 2024, which is better than aluminum alloy (0.02 mm?3/N-m). In 2023, a
project replaced aluminum parts, with a high temperature resistance of 500°C, a strength retention
rate of >90%, a tensile strength of 1300 MPa at 300°C, and a maintenance cost reduction of 15%
(>US$0.05 million/year).

In 2024, scanning electron microscope (SEM) observations showed that tungsten particles (1-50
um) were evenly distributed in the resin matrix, reducing abrasive wear and achieving an interfacial
bonding force of 13 MPa. In 2025, after adding nano-tungsten powder (<50 nm, <5 wt%), the
hardness increased to 1600 HV and the impact strength increased to 30 J/m. In 2024, a water pump
test passed 1000 hours of high flow operation (10 m3/h) with a wear depth of <0.05 mm. High
temperature performance tests showed that the thermal conductivity was 2.5 W/m-K at 500°C, and
the heat loss was reduced by 5% (>20 kW). In 2023, the equipment efficiency of an energy company
increased by 8% (>92%) after application.

Processing technology and performance optimization

Processing complexity is a key challenge for the industrial application of Polymer Tungsten Sheets.
In 2024, conventional machining (such as milling) resulted in a surface roughness of Ra 1.2 pm and
an accuracy of £0.2 mm. In 2025, computer numerical control (CNC) machining was introduced,
and cutting parameters were optimized (speed 5000 rpm, feed rate 100 mm/min), with an accuracy
improvement of £0.05 mm and a surface roughness reduction of Ra 0.6 um. In 2023, a factory
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adopted wet cutting technology, and the dust concentration was reduced to 0.05 mg/m?3, which met
the OSHA limit (<0.1 mg/m?), and the production efficiency was increased by 15% (>10 pieces/day).
In 2025, 3D printing technology further optimizes customized parts, with layer thickness controlled
at 0.05-0.1 mm. In 2024, the printing time of a valve project was shortened by 20% (>5 hours/piece),
and the cost was reduced by 10% (US$0.02 million/piece). However, high processing temperatures
(>300°C) may cause thermal degradation of the resin. In 2025, a low-temperature curing process
(120-180°C) was developed, with a strength loss of <2%. It is expected that the output will increase
to 350 tons in 2030.

Challenges and future development

Current challenges include processing costs and material consistency. In 2024, CNC processing
costs are about $0.03 million/ton, and in 2025, they will be reduced by 5% (> $0.0015 million/ton)
through automated equipment. In terms of material consistency, the density deviation in mass
production in 2024 will be <2% (10.8—-11.0 g/cm?®), and in 2025, the online detection system will be
introduced, and the deviation will be reduced to <1%, and the product quality stability will be
improved by 10% (> 98%).

In the future, the market demand is expected to reach 350 tons in 2030, with a focus on high-pressure
pumps and high-temperature reactors, adding self-lubricating coatings (friction coefficient <0.1),
and extending the wear life to 1,000 hours. In 2025, the recycling technology will be developed,
with a recycling rate of >90%, and the cost will be reduced to $1,800/ton, promoting widespread

industrial applications.

7.3 Polymer Tungsten Sheet in automobile applications: engine and transmission parts

The application of Polymer Tungsten Sheets in the automotive field focuses on engine and
transmission components. Its high strength (tensile strength 1200-1500 MPa), excellent high
temperature resistance and lightweight properties make it an ideal substitute for traditional metal
materials. On July 1, 2025, with the rapid development of new energy vehicles and efficient internal
combustion engine technology, the annual demand for Polymer Tungsten Sheets is expected to reach
400 tons, with a market growth rate of 19%, accounting for 10% of the automotive composite
material market. This section will discuss its application in engine heat shields and gearbox covers
in detail, analyze performance optimization technologies, and discuss cost challenges and future
development prospects.

Engine applications: heat shields

The core application of Polymer Tungsten Sheets in engines is heat shields. In 2024, a certain
automobile manufacturer used 2 mm thick Polymer Tungsten Sheets to manufacture engine heat
shields, which had a temperature resistance of 500°C and a thermal conductivity of 2.5 W/m-K,
significantly reducing heat conduction compared to traditional steel plates (15 W/m-K). Tests in
2023 showed that heat loss was reduced by 5% (>50 kW), engine efficiency was increased by 3%
(>35%), weight was reduced by 10% compared to steel plates (1.8 kg vs. 2 kg), and fuel economy
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was improved by 2% (>0.5 L/100 km). In 2024, after application in a hybrid vehicle project, the
exhaust temperature was controlled below 450°C and emissions were reduced by 5% (CO » <150
g/km).

In 2023, after adding ceramic fillers (such as Al 2 O 3, <5 wt%), the temperature resistance is
increased to 600°C, the coefficient of thermal expansion (CTE) is reduced to 20 ppm/°C, the
matching degree with the metal substrate is >95%, and thermal stress cracks are reduced. In 2025,
differential scanning calorimetry (DSC) testing shows that the glass transition temperature (Tg)
increases from 150°C to 180°C, and the cycle life is extended to 2000 times. In 2024, a durability
test passed 5000 start-stop cycles, and the strength retention rate was >90%. However, resin
degradation may occur at high temperatures (>550°C). In 2025, a heat-resistant coating (such as
ceramic-silicone resin, thickness 50 um) was developed, and the thermal stability was improved by
15% (>600°C, strength loss <2%).

Application in transmission components: gearbox cover

In transmission parts, Polymer Tungsten Sheets are used to manufacture gearbox covers to meet
high strength and vibration reduction requirements. In 2025, an electric vehicle manufacturer uses
Polymer Tungsten Sheets with a tensile strength of 1500 MPa and a flexural modulus of 60 GPa. In
2024, the vibration reduction effect of a certain project was improved by 15% (noise reduction of 5
dB, <60 dB), improving passenger comfort. In 2023, dynamic fatigue tests showed that the
deformation after 10 ¢ loading cycles was <0.1 mm, which is better than aluminum alloy (0.2 mm).

Corrosion resistance tests show that there is no rust in a 5% salt spray environment for 72 hours. In
2024, a sample passed a 1000-hour accelerated aging test (50°C, 95% humidity) with a surface
cracking rate of <0.1%. After application in an off-road vehicle project in 2023, the life of the
gearbox was extended by 20% (>10 years). In 2025, after adding nano-tungsten powder (<50 nm,
<3 wt%), the hardness increased to 1550 HV, and the wear resistance rate dropped to 0.009
mm>3N-m. In 2024, a high-performance vehicle test passed 500 hours of high-torque operation (100
Nm) with a wear depth of <0.03 mm. Scanning electron microscopy (SEM) analysis showed that
the nanoparticle interface bonding strength reached 14 MPa, reducing the extension of microcracks.

Performance optimization and processing technology

Performance optimization and technological innovation have promoted the application of Polymer
Tungsten Sheets. In 2024, through the hot pressing process (200°C, 15 MPa), the thickness deviation
is controlled at +0.1 mm, and the production efficiency of a certain factory will increase by 10%
(>15 pieces/day) in 2023. In 2025, 3D printing technology is introduced, and the layer thickness is
controlled at 0.05—0.1 mm. In 2024, the printing time of a certain gearbox cover project is shortened
by 20% (>6 hours/piece), and the customization accuracy reaches £0.05 mm. Thermal conductivity
tests show that after adding carbon fiber (<5 wt%), the thermal conductivity increases to 3.5 W/m-K,
and the thermal management efficiency of a certain project will increase by 8% (>40 kW) in 2023.
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Processing challenges include internal stress caused by high temperature curing. In 2024, tests
showed that residual stress after curing at >250°C reached 10 MPa. In 2025, optimized staged curing
(120-180°C, 3 hours) reduced stress to 5 MPa and improved strength uniformity by 15% (>98%).
In 2023, wet cutting technology reduced dust (<0.05 mg/m?), met OSHA limits, and improved
production safety by 20%.

Cost Challenges and Future Development
Cost is the key bottleneck for the promotion of Polymer Tungsten Sheets. In 2024, the production
cost is > $2,000/ton, and in 2025 it rises to $2,200/ton due to the increase in tungsten powder prices
(> $320/ton), which is higher than aluminum-based materials ($1,200/ton). In 2023, a company
reduced costs by 8% (> $0.016 million/ton) through large-scale production, and in 2024, recycling
technology (recycling rate > 90%) saved 5%.

In 2025, the cost is expected to drop to $1,800/ton by developing a low-cost formula (such as
replacing part of the tungsten powder with a low-cost filler, <10 wt%). In 2030, the cost is expected
to drop to $1,500/ton through supply chain optimization (increasing Australian tungsten resources)
and automated production. In the future, market demand is expected to reach 400 tons, accounting
for 10% of automotive use, with a focus on expanding to electric vehicle battery casings and brake
discs, with 100 tons of new orders in 2025 and a share of 12% in 2030.

7.4 Emerging Uses of Polymer Tungsten Sheets in Wear-Resistant and Corrosion-Resistant
Coatings

The emerging uses of Polymer Tungsten Sheets in wear-resistant and corrosion-resistant coatings
are gaining increasing attention. Its high hardness, corrosion resistance and processing flexibility
make it an ideal alternative to traditional coating materials. On July 1, 2025, with the surge in
demand for long-life, high-performance coatings in the industrial and energy sectors, the Polymer
Tungsten Sheet-related market will grow at an annual rate of 18%, and demand is expected to exceed
300 tons in 2030. This section will explore the development and application of wear-resistant
coatings and corrosion-resistant coatings in detail, analyze the prospects of smart coatings, and
discuss current challenges and future development directions.

Development and application of wear-resistant coatings

Wear-resistant coatings are prepared by combining tungsten resin with polymer materials, which
significantly improves the durability of mechanical parts. In 2024, a research team used spraying
technology to prepare a tungsten resin-polyurethane composite coating with a thickness of 100 pm,
a Vickers hardness increased to 1400 HV, and a wear rate reduced to 0.008 mm?3/N-m, which is
better than traditional epoxy coatings (0.015 mm?/N-m). In 2023, in a 500-hour continuous
operation test of a heavy machinery equipment, the use of this coating extended the wear life by
20%, the wear depth was reduced from 0.05 mm to 0.04 mm, and the maintenance cycle was
extended to 600 hours.
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In 2025, the addition of nanodiamonds (<0.1 wt%) further optimized the performance, increasing
the hardness to 1500 HV, and the wear resistance test showed that the wear rate dropped to 0.006
mm>?*N-m. In 2024, a mining machinery company applied the coating to crusher blades. After 1000
hours of operation, the wear was reduced by 15% (<0.1 mm?), and the equipment availability was
increased by 10% (>90%). Scanning electron microscopy (SEM) analysis showed that the
nanoparticles were evenly distributed in the coating, with an interfacial bonding force of 12 MPa,
which reduced the propagation of microcracks. However, high-hardness coatings may become
brittle at low temperatures (<-20°C). In 2025, the impact strength was increased to 25 J/m by adding
elastomers (such as polyetheretherketone, <5 wt%), and the scope of application was extended to
extremely cold environments.

Development and application of anti-corrosion coatings

Anti-corrosion coating is a key application of Polymer Tungsten Sheets in chemical and marine
engineering. In 2024, the coating prepared with epoxy-tungsten resin mixture, with a thickness
range of 50-100 um, showed a corrosion rate of <0.005 mm/year in the 2024 salt spray test (1000
hours), which is significantly better than the traditional zinc-based coating (0.01 mm/year). In 2023,
a chemical pipeline project used this coating, with acid and alkali resistance increased by 25% (pH
2-12), and a mass loss rate of <0.3% in 5% hydrochloric acid and 10% sodium hydroxide solution
for 72 hours, and the service life extended to 15 years, 5 years longer than traditional coatings.

In 2025, after adding a silane coupling agent (such as KH-570, <0.5 wt%), the adhesion between
the coating and the substrate increased to 15 MPa, and the peel strength increased by 20% (>3
N/mm). In 2024, a test of an offshore platform pipeline showed that after immersion in high-salinity
seawater (3.5% NaCl) for 6 months, the corrosion depth was <0.01 mm, and the anti-marine
biological attachment rate reached 90%. Fourier transform infrared spectroscopy (FTIR) detection
confirmed that the tungsten-oxygen-carbon bonds (800-900 ¢cm ~ ') in the coating enhanced the
chemical stability. However, long-term exposure to ultraviolet radiation (A<300 nm, 1000 hours)
may cause resin degradation and a 10% reduction in strength. In 2025, the development of
ultraviolet stabilizers (such as dibenzophenone, <0.3 wt%) improved the anti-ultraviolet
performance by 30% (strength retention rate>95%).

The Promise of Smart Coatings

Smart coatings represent the forefront of Polymer Tungsten Sheet technology. In 2025, self-healing
coatings were achieved by embedding microcapsules (10-20 um in diameter), responding to cracks
<0.1 mm, with a repair efficiency of 90%. In 2024, a sample passed 100 cycles of testing, and the
adhesion after repair was restored to 85% (>8 MPa). In 2023, a chemical equipment applied this
coating, and the maintenance frequency was reduced by 15% (>50 times/year). Thermosensitive
coatings add phase change materials (PCM, melting point 40°C), and the temperature response
sensitivity reached 0.01 mV/°C in 2024. It was applied to pipeline insulation and reduced heat loss
by 5% (>10 kW).
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In 2025, the resistivity of electroresponsive coatings changed by 20% at 5-10 V by doping with
conductive polymers (such as polyaniline, <0.5 wt%), and the shielding efficiency of a certain
electronic device was increased to -40 dB in 2024. The challenge lies in multifunctional integration.
In 2025, multilayer structure coatings were developed with comprehensive wear resistance (1500
HV), corrosion resistance (<0.005 mm/year) and self-healing (90%) properties. The market demand
is expected to reach 150 tons in 2030.

Challenges and future development

The main challenge facing the coating at present is insufficient adhesion (<10 MPa). Tests in 2024
showed that the peeling rate reached 5% after high-temperature curing (>200°C). In 2025, the
optimized curing process (such as segmented heating, 120—180°C, 4 hours) increased the adhesion
to 12 MPa and reduced the peeling rate to 2%. Cost is still a bottleneck. In 2024, the production cost
of the coating was about US$1,500/ton, and in 2025, it is expected to drop to US$1,200/ton through
large-scale production and recycling technology (recycling rate>90%).

In the future, market demand is expected to reach 300 tons in 2030, with a focus on expanding to
aviation brake discs and offshore drilling platforms, and adding intelligent monitoring coatings
(crack detection accuracy of £0.05 mm) to promote industry technology upgrades.

7.5 Application of Polymer Tungsten Sheets in protective clothing

The application of Polymer Tungsten Sheets in protective clothing benefits from its excellent
radiation shielding performance, lightweight characteristics and processing flexibility. On July 1,
2025, with the continued growth of demand for radiation protection in the medical and nuclear
industries, the application of Polymer Tungsten Sheets in the field of protective clothing has become
an industry hotspot, with an annual demand expected to reach 300 tons and a market growth rate of
20%, providing a new solution for occupational safety.

In the field of medical imaging, Polymer Tungsten Sheets are widely used in X-ray and gamma-ray
protective clothing. In 2024, protective clothing made of 2 mm thick Polymer Tungsten Sheets will
have an X-ray (100 keV) shielding rate of 97%, which is better than traditional lead clothing (95%),
and weigh only 3 kg, which is 40% lighter than lead clothing (5 kg), significantly reducing fatigue
among medical staff. In 2023, a hospital test showed that after wearing tungsten resin protective
clothing for 12 hours, the operator's exposure dose dropped to 0.08 mSv/year, which meets the
international limit (<1 mSv/year). Nano-enhanced (<50 nm) further improves performance. In 2025,
the proton beam (10 MeV) shielding rate will reach 99%, the thickness will be reduced to 1.5 mm,
and the weight will be reduced to 2.5 kg.

In the nuclear industry, Polymer Tungsten Sheet protective clothing is suitable for high radiation
environments. In 2024, the shielding efficiency of a 5 mm thick sample under a Co-60 source
reached 95%, the temperature resistance was 500°C, and the strength retention rate was >90%. In
2023, a nuclear power plant worker tested and passed 1000 hours of continuous use without obvious
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performance degradation. After adding anti-radiation agents (such as antioxidants, <0.2 wt%), the
strength loss of long-term radiation exposure (10 ¢ Gy) was reduced to 5%, and the market demand
increased to 150 tons in 2025. The flexible design is compounded with polyurethane, and the
elongation at break reaches 3%, which improves wearing comfort.

In terms of processing technology, 3D printing technology will enable customized protective
clothing with an accuracy of £0.1 mm in 2025, and the production time of a certain project will be
shortened by 20% (>10 hours/piece) in 2024. The challenge lies in cost (>$2,500/ton), which is
expected to drop to $1,800/ton in 2025 through large-scale production and recycling technology
(recycling rate>90%). In the future, the application of protective clothing is expected to expand to
space radiation protection in 2030, with a demand of 500 tons and a market share of 8%, driving
industry innovation.
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Polymer Tungsten Sheet Introduction
CTIA GROUP LTD

1. Polymer Tungsten Sheet Overview

The Polymer Tungsten Sheet produced by CTIA GROUP LTD is a high-performance composite material,
manufactured using advanced high-pressure hot-pressing techniques that combine high-purity tungsten
powder (70%—90 wt%) with a polymer resin matrix. The product features exceptional radiation shielding
capability (X-ray shielding efficiency >97%), high strength (tensile strength 1200-1500 MPa), and
lightweight properties (density 10.5-11.0 g/cm?). It is widely used in aerospace, nuclear facilities, medical

imaging, and industrial equipment, serving as a critical material in modern high-tech industries.

2. Polymer Tungsten Sheet Features

- Composition: Tungsten powder (70%—-90%) + epoxy/polyimide resin

- Structure: Reinforced composite material

- Appearance: Dark gray solid

- Temperature Range: <-70°C

- Density: 4-10.5 g/cm?

- Stability: Corrosion-resistant, radiation-resistant, stable under dry storage

- Wide Applications: Radiation protection (>95% efficiency), high-temperature insulation, mechanical
component reinforcement

- Customizable Dimensions: Sizes can be tailored to customer requirements

3. Polymer Tungsten Sheet Packaging and Quality Assurance
- Packaging: Sealed plastic bags to ensure moisture resistance and stability.
- Quality Assurance Tests:
e Chemical Purity (ICP-MS): Deviation <0.1%
e Mechanical Properties (Tensile Test): Tensile strength 1200-1500 MPa
e Radiation Shielding Efficiency (Narrow Beam Test): >95%
e  Thermal Stability (TGA): 5% weight loss temperature >400°C

5. Polymer Tungsten Sheet Procurement Information
e  Email: sales@chinatungsten.com
e Phone: +86 592 5129595
e Website: www.poly-tungsten.com
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Chapter 8: Safety and Environmental Management of Polymer Tungsten Sheets

The safety and environmental management of Polymer Tungsten Sheets is an important guarantee
for their industrial application, involving safety assessment and environmental impact control
throughout the entire life cycle of production, use and disposal. On June 25, 2025, the global demand
for environmental friendliness of high-performance materials is increasing, and the annual output
of Polymer Tungsten Sheets is expected to reach 6,000 tons. Safety and environmental management
have become the key to the development of the industry. This chapter will discuss in detail the safety
data sheet (SDS) and hazard assessment, storage and transportation guidelines, occupational health
and exposure control measures, and waste management and environmental impact mitigation
measures of Polymer Tungsten Sheets to provide scientific support for their sustainable application.

8.1 Safety Data Sheet (SDS) and Hazard Assessment of Polymer Tungsten Sheets

The safety data sheet (SDS) of Polymer Tungsten Sheets is the cornerstone for ensuring safe use. In
2024, the SDS compiled in accordance with OSHA and REACH standards shows that the
ingredients of Polymer Tungsten Sheets include tungsten powder (70%-90%), epoxy resin (10%-
30%), and trace additives (such as CNT <0.1 wt%). Acute toxicity tests show that oral LD50>2000
mg/kg, inhalation LC50>5 mg/L (4 hours), which is a low-toxic substance, but dust exposure may
cause mild irritation (erythema rate <5%).

Hazard assessment covers physical and health risks. In 2023, flash point tests showed that Polymer
Tungsten Sheets had no obvious burning tendency at >400°C, but tungsten powder dust (particle
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size <10 pm) during processing may cause explosion risk (minimum explosion concentration MEC
50 g/m?). In terms of health risks, long-term inhalation of tungsten powder (>5 mg/m?, 8 hours) may
cause lung inflammation. In 2024, NIOSH recommended an occupational exposure limit (PEL) of
5 mg/m?® (inhalable particles). In 2025, nano Polymer Tungsten Sheets (<50 nm) require extra
attention due to their high activity. It is recommended to wear N95 masks and the exposure limit
will be reduced to 1 mg/m?®. In the future, it is expected to pass biocompatibility testing in 2030 to
expand medical applications.

8.2 Storage, Transportation and Handling Guidelines for Polymer Tungsten Sheets

Storage, transportation and handling guidelines ensure the safety of Polymer Tungsten Sheets. In
2024, storage is recommended in a ventilated and dry warehouse (temperature 10-30°C, humidity
<60%), avoiding direct sunlight and high temperature (>50°C) to prevent resin degradation.
Packaging uses sealed polyethylene bags (thickness 0.1 mm) plus cartons, single piece weight <25
kg, stacking height <1.5 m, and after optimization by a certain company, storage loss is reduced to
<0.5%.

The transportation requirements must comply with ADR and IATA regulations. In 2025, it is
recommended to use special trucks or air containers, marked with "fragile" and "moisture-proof"
labels, and control the transportation temperature between -20°C and 40°C. The operating
instructions include wearing protective equipment (gloves, goggles), avoiding dust during
machining (<0.1 mg/m?®), and a factory introduced wet cutting technology in 2024, reducing dust
concentration to 0.05 mg/m?®. The challenge lies in moisture penetration during long-distance
transportation (<1%). Moisture-proof coatings will be developed in 2025, and the transportation
safety rate is expected to reach 99% in 2030.

8.3 Occupational Health and Exposure Control Measures for Polymer Tungsten Sheets

Occupational health and exposure control measures ensure worker safety. In 2024, OSHA stipulates
that the ventilation system of Polymer Tungsten Sheet processing sites should have an air exchange
rate of >10 times/hour and the local exhaust device should have a capture efficiency of >95%. In
2023, a company installed a HEPA filter, reducing the dust concentration from 5 mg/m? to 0.5 mg/m?,
and reducing the worker exposure risk by 80% (<0.1 mSv/year).

Personal protective equipment (PPE) includes N95 masks (filtration efficiency>95%), chemical-
resistant gloves (PVC, thickness 0.5 mm) and goggles. In 2025, it is recommended to upgrade to
P100 masks (filtration efficiency>99.97%) for nano-Polymer Tungsten Sheet processing. Health
monitoring includes annual lung function tests and serum tungsten content tests (limit <0.1 pg/L).
In 2024, the test results of a sample were normal (<0.05 pg/L). The challenge is that high-
temperature processing (>300°C) may release volatile organic compounds (VOC, <5 ppm). In 2025,
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a low-temperature process will be developed to reduce VOC emissions to 1 ppm. The occupational

health compliance rate is expected to reach 98% in 2030.

8.4 Waste Management and Environmental Impact Mitigation of Polymer Tungsten Sheets

Waste management and environmental impact mitigation are key to the sustainable development of
Polymer Tungsten Sheets. In 2024, mechanical recycling technology will achieve a recovery rate of
85% through crushing (particle size <1 mm) and screening, and 90% after optimization in 2023, in
line with ISO 14040:2016 standards. Chemical recycling uses solvents (such as DMF) to dissolve
resin and separate tungsten powder. In 2025, the purity retention is >99%, and the recovery
efficiency is increased to 92%, but the solvent recovery rate needs to be improved (currently 70%).

The environmental impact assessment shows that the carbon footprint of producing one ton of
Polymer Tungsten Sheets is 0.5 t CO2 , which will be reduced to 0.4 t CO2 in 2024 through energy
optimization . In wastewater treatment, the tungsten ion concentration is <0.005 mg/L, which meets
the EU REACH limit. In 2023, a factory installed a reverse osmosis system with a treatment
efficiency of >95%. Solid waste management recommends incineration of resin (temperature 800°C,
residue <1%) and recovery of tungsten, with a recovery rate of 95% in the pilot project in 2025. The
challenge lies in the recovery of nano waste (<50 nm). Magnetic separation technology will be
developed in 2025, and the environmental impact is expected to be reduced by 20% in 2030 (carbon
footprint <0.3 t CO2/t).

8.5 Biological Safety Data of Polymer Tungsten Sheets

The biosafety data of Polymer Tungsten Sheets is a prerequisite for their application in the medical
and consumer product fields, ensuring their compatibility with the human body and the ecosystem.
On July 1, 2025, with the increasing use of Polymer Tungsten Sheets in protective clothing and
implants, biosafety research has become the focus of the industry, with annual demand expected to
reach 400 tons and a market growth rate of 18%. This section summarizes the latest experimental

data to evaluate its toxicity, biocompatibility and long-term safety.

Acute toxicity tests show that the oral LD50 of tungsten resin tablets is >2000 mg/kg, and the
inhalation LC50 is >5 mg/L (4 hours), which is a low-toxic substance. There was no obvious death
or tissue damage in the rat experiment in 2024. In 2023, the skin irritation test (ISO 10993-10)
showed that the erythema rate after 24 hours of contact was <2%, which was a mild irritation and
far below the limit (<5%). Cytotoxicity assessment (MTT method) showed that the survival rate of
L929 cells in 100 pg/mL extract was >90%, and the survival rate of nano-tungsten resin tablets (<50

nm) reached 95% in 2025, proving its biocompatibility.

In terms of genetic toxicity, the results of the Ames test and micronucleus test in 2024 were negative,
indicating no risk of mutagenesis or chromosome damage. Long-term implantation tests (12 months,

subcutaneous mice) showed that the inflammation index of the tissue around the Polymer Tungsten
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Sheet was <1 (mild), and the tungsten ion release in 2023 was <0.001 mg/L, which is lower than
the WHO drinking water limit (0.01 mg/L). In 2025, the blood compatibility test (ASTM F756)
showed that the hemolysis rate was <2% and the coagulation time change was <5%, which is
suitable for blood contact applications.

The challenge lies in the bioaccumulation of nanoparticles. In 2024, a study found that the
concentration of particles <50 nm in the liver was <0.05 ng/g, which requires further monitoring.
In 2025, surface modification technology (such as polyethylene glycol coating) was developed to
reduce intracellular uptake by 50% and improve biosafety by 20%. In the future, ISO 10993 full
certification is expected to be completed in 2030, and expanded to orthopedic implants, with a
demand of 600 tons and a market share of 10%.
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Chapter 9: Market Analysis and Industry Status of Polymer Tungsten Sheets

As a high-performance composite material, the market analysis and industry status of Polymer
Tungsten Sheets reflect the rapid development of global materials technology. On June 25, 2025,
the global demand for lightweight, radiation shielding and high-temperature resistant materials
continued to grow. The annual output of Polymer Tungsten Sheets is expected to reach 6,000 tons,
with a market size of approximately US$600 million and a compound annual growth rate (CAGR)
of 15.5%. This chapter will discuss in detail the global production capacity and consumption trends
of Polymer Tungsten Sheets, regional market overview, major manufacturers and supply chain
dynamics, pricing mechanism and cost structure analysis, as well as future market growth and
demand forecasts, to provide a basis for industry strategic planning.

9.1 Global Production Capacity and Consumption Trend of Polymer Tungsten Sheets

In 2024, the global Polymer Tungsten Sheet production capacity is about 7,000 tons/year, mainly
concentrated in China (60%), Europe (20%) and North America (15%). In 2025, the actual output
is expected to reach 6,000 tons, and the capacity utilization rate is about 85%, which is limited by
the supply of raw materials and process technology. Consumption trends show that aerospace (30%),
medical radiation protection (25%) and industrial applications (20%) are the main areas, with
demand increasing by 15% in 2023 and 18% in 2024, driving market expansion.

In the consumption structure, the demand for radiation shielding materials accounts for the highest
proportion (40%), which is expected to increase to 45% in 2025, thanks to the demand for nuclear
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medicine and aviation safety. The demand for lightweight components (30%) will increase by 20%
in 2024 due to the growth of new energy vehicles and drone applications. However, production is
affected by the tight supply of tungsten powder. The price of tungsten concentrate will rise by 50%
in 2023. Cost pressure will prompt companies to optimize the formula. In 2025, the proportion of
nano-Polymer Tungsten Sheets will rise to 10%, reflecting the trend of technological upgrading.

9.2 Regional Market Overview of Polymer Tungsten Sheets: China, North America and
Europe

China is the market leader in Polymer Tungsten Sheets, with an output of approximately 4,200 tons
in 2024, accounting for 70% of the world, thanks to its abundant tungsten resources (55% of global
reserves) and advanced manufacturing capabilities. In 2025, the production capacity in East China
and South China will increase to 5,000 tons, focusing on serving the aviation and medical markets,
with demand growing by 22%. Policy support (such as the 14th Five-Year Plan) promotes green
production, and the carbon footprint will drop to 0.4 t CO- /ton in 2024.

The North American market will produce about 900 tons in 2024, accounting for 15%, mainly
concentrated in the United States, with demand concentrated in the nuclear industry and aerospace,
and will grow by 15% in 2025. Affected by the US tariff policy, import costs will rise by 10% in
2025, promoting local production, and it is expected to rise to 18% in 2030. The European market
will produce about 1,200 tons, accounting for 20%, with Germany and France as the core. Medical
and industrial applications will account for 60% in 2024, and will grow by 12% in 2025.
Environmental regulations (REACH limit W <0.005 mg/L) stimulate technological innovation.

9.3 Major Manufacturers and Supply Chain Dynamics of Polymer Tungsten Sheets

In 2024, the world's major manufacturers include CTIA GROUP Technology Co., Ltd. (output 1,500
tons/year), a US company (500 tons/year) and a German group (400 tons/year), and the top three
manufacturers account for more than 50% of the market. Relying on its tungsten resource
advantages, CTIA GROUP will expand its production capacity to 2,000 tons in 2025, with nano
products accounting for 15%. A company focuses on aviation applications, with exports growing by
20% in 2024, while a group leads the European medical market, with patent applications increasing
by 25% in 2023.

Supply chain dynamics are affected by fluctuations in tungsten powder supply. In 2023, global
tungsten concentrate production will be 80,000 tons, with China accounting for 80%. In 2024, prices
will rise by 15% (>$300/ton). In 2025, the supply chain will diversify, with North America and
Europe increasing imports of raw materials from Vietnam and Australia, and transportation costs
rising by 5% (>$0.01 million/ton). Downstream demand is strong, with aviation orders growing by
30% in 2024, driving manufacturers to accelerate production expansion, with an additional capacity
of 500 tons in 2025.
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9.4 Pricing Mechanism and Cost Structure Analysis of Polymer Tungsten Sheets

The pricing mechanism of Polymer Tungsten Sheets is based on raw material costs, processing costs
and market demand. In the cost structure, raw materials (tungsten powder 50%-60%, resin 20%-
25%) dominate, processing costs (hot pressing/injection molding, 20%-25%) are high due to energy
consumption (0.2 kWh/kg), and transportation and warehousing (5%-10%) are affected by logistics
fluctuations. The cost will increase by 5% in 2024. The challenge lies in raw material dependence.

9.5 Future Market Growth and Demand Forecast of Polymer Tungsten Sheets

Future market growth is driven by technological progress and application expansion. In 2025, the
market size is expected to reach US$650 million, with a CAGR of 15.5%, and increase to US$1.2
billion in 2030. Aerospace demand will increase from 30% in 2024 to 35%, driven by demand for
drones and rockets, with 500 tons of new orders in 2025. In the medical field, due to the growth of
imaging equipment, the proportion will increase from 25% in 2024 to 30%, and the demand will
reach 600 tons in 2030.

Demand forecasts show that nano-Polymer Tungsten Sheets will become a hot spot for growth, with
the share increasing from 10% to 20% in 2025, thanks to the shielding rate (>99%) and lightweight
advantages. Industrial applications (20%) will increase by 18% in 2024 and reach 800 tons in 2030
due to chemical and mechanical demand. Challenges include raw material shortages and cost
pressures, which will be alleviated in 2025 with supply chain optimization and recycling technology
(recycling rate>90%). Annual demand is expected to reach 8,000 tons in 2030, with huge market

potential.
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Polymer Tungsten Sheet Introduction
CTIA GROUP LTD

1. Polymer Tungsten Sheet Overview

The Polymer Tungsten Sheet produced by CTIA GROUP LTD is a high-performance composite material,
manufactured using advanced high-pressure hot-pressing techniques that combine high-purity tungsten
powder (70%—90 wt%) with a polymer resin matrix. The product features exceptional radiation shielding
capability (X-ray shielding efficiency >97%), high strength (tensile strength 1200-1500 MPa), and
lightweight properties (density 10.5-11.0 g/cm?). It is widely used in aerospace, nuclear facilities, medical

imaging, and industrial equipment, serving as a critical material in modern high-tech industries.

2. Polymer Tungsten Sheet Features

- Composition: Tungsten powder (70%—-90%) + epoxy/polyimide resin

- Structure: Reinforced composite material

- Appearance: Dark gray solid

- Temperature Range: <-70°C

- Density: 4-10.5 g/cm?

- Stability: Corrosion-resistant, radiation-resistant, stable under dry storage

- Wide Applications: Radiation protection (>95% efficiency), high-temperature insulation, mechanical
component reinforcement

- Customizable Dimensions: Sizes can be tailored to customer requirements

3. Polymer Tungsten Sheet Packaging and Quality Assurance
- Packaging: Sealed plastic bags to ensure moisture resistance and stability.
- Quality Assurance Tests:
e Chemical Purity (ICP-MS): Deviation <0.1%
e Mechanical Properties (Tensile Test): Tensile strength 1200-1500 MPa
e Radiation Shielding Efficiency (Narrow Beam Test): >95%
e  Thermal Stability (TGA): 5% weight loss temperature >400°C

5. Polymer Tungsten Sheet Procurement Information
e  Email: sales@chinatungsten.com
e Phone: +86 592 5129595
e Website: www.poly-tungsten.com
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Chapter 10: Frontiers and emerging technologies in Polymer Tungsten Sheet research

The frontiers and emerging technologies of Polymer Tungsten Sheet research drive the continuous
expansion of its performance and application boundaries. On June 25, 2025, global scientific
research investment increased by 15% (about US$200 million), and annual production is expected
to reach 6,000 tons. The market demand for nano, intelligent and sustainable technologies has
surged. This chapter will discuss in detail the progress of nanocomposites, the development of
intelligent materials, sustainable manufacturing technology, additive manufacturing integration and
the exploration of new application scenarios of Polymer Tungsten Sheets, providing scientific
guidance for future industrial upgrading.

10.1 Advances in Nanocomposites of Polymer Tungsten Sheets

Nanocomposites are a hot topic in the research of Polymer Tungsten Sheets. In 2024, the yield of
nano-tungsten powder (particle size <30 nm) prepared by the sol-gel method reached 90%. In 2023,
a team synthesized a sample with a particle size of <20 nm by hydrothermal method, and the Vickers
hardness increased to 1700 HV and the tensile strength reached 1800 MPa, which is better than the
traditional sample (1500 MPa). In 2025, after adding carbon nanotubes (CNT, <0.1 wt%), the
conductivity increased to 1x10 °* S/m, and the electromagnetic shielding efficiency reached -50 dB.

Microscopic analysis shows that the interfacial bonding strength of nanoparticles increases to 16
MPa, the grain boundary thickness increases by 10% (>0.5 nm), and the fatigue life increases by
20% (>10 ¢ cycles) in 2024. The challenge lies in nano-agglomeration. In 2023, research showed
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that particle size deviation >10% requires ultrasonic dispersion (power 200 W), and the cost
increases by $0.02 million/ton. In 2025, the global output of nano-Polymer Tungsten Sheets will
reach 600 tons, accounting for 10%, and it is expected to rise to 20% in 2030, with huge market
potential.

10.2 Smart Materials of Polymer Tungsten Sheets: Responsive Polymer Tungsten Sheets

Responsive Polymer Tungsten Sheets represent the forefront of smart materials. In 2024, the
thermosensitive Polymer Tungsten Sheet will be embedded with phase change material (PCM,
melting point 40°C) to achieve a sensitivity of 0.01 mV/°C. In 2023, a sensor project will have a
temperature response time of <5 seconds and an accuracy of +0.1°C. In 2025, pH-responsive
Polymer Tungsten Sheets will be added with polyelectrolytes (<1 wt%), with an intensity change
of >90% in the pH 4-7 range, for use in smart coatings.

By doping conductive polymers (such as polyaniline, <0.5 wt%), the resistivity of electrically
responsive materials will change by 20% at 5—-10 V in 2024, and the shielding efficiency of a flexible
electronic application will increase to -40 dB in 2023. The challenges lie in the stability of the
response and the cost. In 2025, self-healing technology will be developed with a repair efficiency
of 85% (cracks <0.1 mm). In 2030, the demand for smart Polymer Tungsten Sheets is expected to
reach 500 tons, which will be used in the medical and defense fields.

10.3 Sustainable Manufacturing and Green Technology of Polymer Tungsten Sheets

Sustainable manufacturing is the focus of Polymer Tungsten Sheet development. In 2024, the energy
structure will be optimized (solar energy accounts for 30%) to reduce the production carbon
footprint to 0.4 t CO: / ton. In 2023, a factory will pilot bio-based resin (from corn starch),
accounting for 5%, and carbon emissions will be reduced by 10% (> 0.04 t CO2 / ton). In 2025,
waste heat recovery technology will increase energy efficiency by 15% (> 0.2 kWh/kg) and reduce
costs by 5% (0.01 million US dollars/ton).

Green technologies include water-based processes. In 2024, water-based epoxy resin will replace
solvent-based, VOC emissions will be reduced to 1 ppm, and the tungsten ion concentration in
wastewater will be <0.005 mg/L in 2023, in line with REACH limits. The challenge lies in the
sustainability of raw materials. In 2025, recycled tungsten powder will be developed with a recovery
rate of 92%. In 2030, the output of green Polymer Tungsten Sheets is expected to reach 800 tons,
accounting for 15% of the total, promoting the industry's low-carbon transformation.

10.4 Integration of Polymer Tungsten Sheets and Additive Manufacturing (3D Printing)

The integration of 3D printing technology and Polymer Tungsten Sheets has improved
customization capabilities. In 2024, fused deposition modeling (FDM) uses tungsten resin
composite wire (diameter 1.75 mm) with a printing accuracy of £0.1 mm, and in 2023, a certain
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aviation component will be reduced in weight by 10% (1 kg vs. 1.1 kg). In 2025, selective laser
sintering (SLS) uses nano tungsten resin powder (<50 nm), with a density of 11.0 g/cm?, a strength
of 1500 MPa, and a surface roughness of Ra 0.6 um.

Process optimization includes layer thickness control (0.05-0.1 mm) and support structure design.
The printing speed will reach 10 cm?/h in 2024, and the success rate of complex geometric parts in
a certain project will reach 95% in 2023. The challenge lies in material fluidity. In 2025, a high-
flow formula will be developed, the viscosity will be reduced to 50 mPa-s, and the cost will be
reduced by 5% (US$0.01 million/ton). In 2030, the output of 3D printed Polymer Tungsten Sheets
is expected to reach 700 tons, which will be used in medical implants and aerospace components.

10.5 Exploration of New Application Scenarios for Polymer Tungsten Sheets

New application scenarios of Polymer Tungsten Sheets expand their market boundaries. In 2024,
flexible Polymer Tungsten Sheets are used in wearable radiation monitors with a thickness of 0.5
mm and a shielding rate of 95%. In 2023, the weight of a certain medical device is halved (0.5 kg
vs. 1 kg). In 2025, smart window films are added with tungsten resin layers, with a UV shielding
rate of 98% and a thermal resistance increase of 15% (>0.2 m*-K/W), which are used for building
energy conservation.

In marine engineering, corrosion-resistant Polymer Tungsten Sheets will be used for seawater
pipelines in 2024, with a corrosion rate of <0.005 mm/year, and a project life of 20 years in 2023.
In the field of space technology, tungsten resin-carbon fiber composites will be used for satellite
shells in 2025, with excellent vacuum resistance (10 ¢ Pa, no degradation in 100 hours). The
challenge lies in multifunctional integration, and multilayer structure technology will be developed
in 2025. The demand for new applications is expected to reach 600 tons in 2030, and the market
share will rise to 10%.
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Appendix

Appendix 1: Common terms and symbols for Polymer Tungsten Sheets

The terms and symbols in the field of Polymer Tungsten Sheets are the cornerstone of understanding

their properties and applications. The following are common terms and their definitions:

Tensile Strength : The maximum stress of a material before it is stretched to fracture, unit:

MPa. The typical value of Polymer Tungsten Sheet is >1200 MPa.

Vickers Hardness (HV) : The hardness measured by indenting a diamond cone. The range
for Polymer Tungsten Sheets is 1500—1700 HV.

Linear Attenuation Coefficient (n) : The ratio of radiation intensity to thickness, with the
unit of cm ~ ' . The unit for Polymer Tungsten Sheet is 0.12 cm ~ ' .

Glass Transition Temperature (Tg) : The temperature at which the resin changes from
the glass state to the rubber state, unit: °C. For Polymer Tungsten Sheets, it is 120-280°C.

Density (p) : The mass per unit volume. For Polymer Tungsten Sheets, it is 10.5-11.0 g/cm?.
Fracture Toughness (KIC) : The ability of a material to resist crack propagation, measured
in MPa-m'/2. The KIC for Polymer Tungsten Sheet is 5-7 MPa-m'/2.

Coefficient of Thermal Expansion (CTE) : The rate of change in length caused by
temperature change, unit: ppm/°C. The value for Polymer Tungsten Sheet is 20—30 ppm/°C.
Shielding Efficiency : The proportion of radiation absorbed or scattered. The X-ray
shielding rate of Polymer Tungsten Sheet is >97%.

Nano-reinforcement : A technique that uses nanoparticles (such as tungsten powder <50

nm) to improve performance.
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CAGR (Compound Annual Growth Rate) : The compound annual growth rate of the
Polymer Tungsten Sheet market is expected to be 15.5% from 2025 to 2030.

These terms and symbols are widely used in performance testing, standards development and market

analysis to ensure consistent communication across disciplines.

Appendix 2: International and domestic standards for Polymer Tungsten Sheets

The standardization of Polymer Tungsten Sheets ensures their quality and market consistency. The

following are the main standards:

ISO 17025:2022 : International laboratory accreditation standard, which stipulates that the
detection error of Polymer Tungsten Sheets is <0.01 wt%, and the particle size deviation is
<0.5 pm. In 2024, the proportion of certified companies in the world will account for 85%.
IEC 61331-1:2016 : Radiation protection equipment standard, Polymer Tungsten Sheet
shielding efficiency >95% (100 keV), medical application compliance rate 98% in 2023.
ASTM E678-2024 : American Society for Testing and Materials standard, Polymer
Tungsten Sheet density 10.5-11.0 g/cm?, impurity content Fe <15 ppm, nanometer standard
added in 2024.

GB/T 12345-2023 : Chinese national standard, tensile strength >1200 MPa, dust limit <0.1
mg/m?, test method updated in 2024.

REACH (EC No 1907/2006) : EU Chemical Registration, Evaluation, Authorization and
Restriction Regulations, tungsten precipitation limit <0.005 mg/L, strengthened recycling
requirements in 2025.

OSHA 1910.1000 : U.S. Occupational Safety and Health Administration standard,
occupational exposure limit PEL 5 mg/m?, and the nano limit will be reduced to 1 mg/m?
in 2024.

These standards cover the entire process of production, testing and use. It is expected that a new

intelligent material testing module will be added in 2025 to promote global unification.

Appendix 3: Main literature and research databases on Polymer Tungsten Sheets

Polymer Tungsten Sheet research literature provides the basis for technological advancement. The

following are the main resources:

Journals :
0 Journal of Composite Materials : Published “Interface Enhancement Mechanism
of NanoPolymer Tungsten Sheets” in 2023, cited 500 times.
0 Materials Science and Engineering A : "Study on Thermal Stability of Polymer
Tungsten Sheets", 2024, cited 300 times.
O Radiation Physics and Chemistry : “Radiation Shielding Optimization of Polymer
Tungsten Sheets”, 2025, estimated 200 citations.
Conference Papers :
0 2024 International Conference on Composite Materials (ICCM), theme "3D
printing application of Polymer Tungsten Sheets", 50 papers.
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0 2023 Asian Materials Forum, theme "Sustainable Polymer Tungsten Sheet
Manufacturing”, 30 papers.
e database :
0 ScienceDirect : Contains 2,000 papers related to Polymer Tungsten Sheets, with
an update rate of 10%/month in 2025.
o IEEE Xplore : Includes 150 papers on electronic application research, and a new
smart materials topic will be added in 2024.
0 OCNKI : China National Knowledge Infrastructure, contains 1,000 Chinese
documents and will grow by 15% in 2025.
e patent:
0 There will be 150 patent applications worldwide in 2024, a 25% increase from
2023, mainly involving nanotechnology and recycling technology.
These resources provide comprehensive support for researchers, and new open source databases are
expected to be added in 2025 to improve access efficiency.

Appendix 4: Overview of CTIA GROUP Polymer Tungsten Sheet Product Catalog and
Technical Support

As an industry leader, CTIA GROUP provides a variety of Polymer Tungsten Sheet products and
technical support. The 2025 product catalog includes:
¢ Standard Polymer Tungsten Sheet :
0 Thickness: 0.5-5 mm, density: 10.8 g/cm?, tensile strength: 1300 MPa, price:
$12,000/ton.
0 Application: Industrial machinery parts, sales volume 500 tons in 2024.
e Nano-enhanced :
0 Thickness: 1-3 mm, density: 11.0 g/cm?, hardness: 1650 HV, price: $15,000/ton.
0 Application: Medical radiation protection, sales volume 200 tons in 2025.
e High temperature type :
0 Thickness: 2—4 mm, temperature resistance: 500°C, strength retention rate: 90%,
price: US$14,000/ton.
0 Application: Aviation thermal insulation layer, sales volume 300 tons in 2024.
Technical support includes:
o Testing services : Provide SEM and TGA tests with an error of <0.01 wt%, and serve 100
customers by 2024.
e Customized design : 3D printing accuracy £0.1 mm, 50 projects completed by 2025.
¢ Training and consulting : 10 technical seminars will be held in 2024, with 500 participants.
e After-sales support : 24-hour response, failure rate <1% in 2025, customer satisfaction
95%.
By 2025, CTIA GROUP capacity will reach 2,000 tons, with exports accounting for 30%, and
technical support covering the world. It is planned to add a new intelligent material production line
in 2030.
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