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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, CTIA 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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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

CTIA GROUP LTD, a customization expert in high-density tungsten alloy design and 

production with 30 years of experience. 

 

Core advantages: 30 years of experience: deeply familiar with tungsten alloy production, 

mature technology. 

Precision customization: support high density (17-19 g/cm³), special performance, 

complex structure, super large and very small parts design and production. 

Quality cost: optimized design, optimal mold and processing mode, excellent cost 

performance. 

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification. 

100,000+ customers 

Widely involved, covering aerospace, military industry, medical equipment, energy industry, 

sports and entertainment and other fields. 

Service commitment 

1 billion+ visits to the official website, 1 million+ web pages, 100,000+ customers, 0 complaints 

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 

 

 

 

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


 

 
COPYRIGHT AND LEGAL LIABILITY STATEMENT 

 

Copyright© 2024 CTIA All Rights Reserved                                                               电话/TEL：0086 592 512 9696  
标准文件版本号 CTIAQCD-MA-E/P 2024 版                                                            CTIAQCD-MA-E/P 2018-2024V 

www.ctia.com.cn                                                                                         sales@chinatungsten.com 
第 4 页 共 89 页 

Table of Contents 

 

Preface 

Research Background and Importance of Tungsten Alloy Collimator 

Tungsten Alloy Collimator Encyclopedia Compilation Objectives and Structural Overview 

  

Chapter 1: Overview of Tungsten Alloy Collimator 

1.1 Definition and Basic Principle of Tungsten Alloy Collimator 

1.2 Historical Development and Technological Evolution of Tungsten Alloy Collimators 

1.3 Global Tungsten Alloy Collimator Market Status and Trends in 2025 

  

Chapter 2: Material Properties of Tungsten Alloy Collimator 

2.1 Composition and Microstructure of Tungsten Alloy Collimator 

2.2 Mechanical Properties of Tungsten Alloy Collimator: Strength and Hardness (Tensile 

Strength > 1000 MPa, Vickers Hardness > 300 HV) 

2.3 Radiation Shielding Performance of Tungsten Alloy Collimator: Attenuation Coefficient and 

Shielding Efficiency (>95%) 

2.4 Corrosion Resistance of Tungsten Alloy Collimator 

  

Chapter 3: Manufacturing Process of Tungsten Alloy Collimator 

3.1 Powder Metallurgy Process: Pressing and Sintering 

3.2 Precision Machining Technology: CNC and EDM 

3.3 Surface Treatment and Quality Control 

3.4 3D Printing Technology: Additive Manufacturing and Customized Production 

3.5 Application of Nanotechnology in Manufacturing 

  

Chapter 4: Application of Tungsten Alloy Collimator in Medical Field 

4.1 Application in X-ray and CT Scanning Equipment 

4.2 Use in Radiotherapy for Precise Beam Control 

4.3 Biocompatibility and Safety Standards 

  

Chapter 5: Application of Tungsten Alloy Collimator in Industry and Scientific Research 

5.1 Radiation Protection in Nuclear Industry 

5.2 Applications in Particle Accelerators and Neutron Beam Control 

5.3 Shielding Design in Industrial Imaging Equipment 

  

Chapter 6: Application of Tungsten Alloy Collimator in Aerospace 

6.1 Radiation Shielding in Rockets and Satellites 

6.2 Lightweight Design in Aviation Imaging Equipment 

6.3 Durability in High Vibration Environments 

  

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


 

 
COPYRIGHT AND LEGAL LIABILITY STATEMENT 

 

Copyright© 2024 CTIA All Rights Reserved                                                               电话/TEL：0086 592 512 9696  
标准文件版本号 CTIAQCD-MA-E/P 2024 版                                                            CTIAQCD-MA-E/P 2018-2024V 

www.ctia.com.cn                                                                                         sales@chinatungsten.com 
第 5 页 共 89 页 

Chapter 7: Performance Optimization and Innovation 

7.1 Reinforcement Technology Using Nanocomposites 

7.2 Intelligent Collimator: Adaptive Adjustment and Monitoring 

7.3 Potential of 3D Printing for Customized Production 

  

Chapter 8: Environmental and Economic Impact 

8.1 Carbon Footprint and Sustainability in Production 

8.2 Recovery and Recycling Technology 

8.3 Cost Analysis and Market Competitiveness 

  

Chapter 9: Future Development and Challenges 

9.1 Innovation Trends: Ultra-High Density Alloys and Multifunctional Integration 

9.2 Challenges: Cost, Processing Accuracy, and Standardization 

9.3 Market Forecast and Application Prospects in 2030 

  

Appendix 

Appendix 1: Common Terms and Symbols for Tungsten Alloy Collimators 

Appendix 2: International and Domestic Standards (ISO/ASTM/GB) 

Appendix 3: Main Literature and Research Databases 

Appendix 4: CTIA GROUP LTD Product Catalog 

  

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


 

 
COPYRIGHT AND LEGAL LIABILITY STATEMENT 

 

Copyright© 2024 CTIA All Rights Reserved                                                               电话/TEL：0086 592 512 9696  
标准文件版本号 CTIAQCD-MA-E/P 2024 版                                                            CTIAQCD-MA-E/P 2018-2024V 

www.ctia.com.cn                                                                                         sales@chinatungsten.com 
第 6 页 共 89 页 

 

 

 

Preface 

 

Research Background and Importance of Tungsten Alloy Collimator 

 

Tungsten alloy collimators stems from the growing demand for radiation protection and precision 

beam control. In 2025, with the rapid development of global nuclear energy, medical imaging, 

aerospace and industrial detection technology, radiation safety and equipment performance 

optimization have become core issues in the industry. Tungsten alloy collimators stand out with 

their high density (17.0–18.5 g/cm³), excellent radiation shielding efficiency (gamma ray 

attenuation coefficient>0.15 cm ⁻ ¹ ) and mechanical strength (tensile strength>1000 MPa), 

becoming an ideal substitute for traditional lead -based materials . According to the 2024 

International Atomic Energy Agency (IAEA) report, the global radiation protection market will 

grow at an annual rate of 12%, of which the demand for tungsten alloy collimators is expected to 

increase from 8% in 2023 to 15% in 2025, reflecting its importance in high-precision applications. 

 

tungsten alloy collimators began in the mid-20th century. They were initially used for beam control 

in the nuclear industry and then expanded to X-ray and CT equipment in the medical field. In 2023, 

a pilot project at a nuclear power plant showed that the shielding efficiency of a 5 mm thick tungsten 

alloy collimator under a Co-60 source (1.25 MeV) reached 97%, which was 2% higher than that of 

a lead plate, and the weight was reduced by 20% (8 kg vs. 10 kg), significantly reducing the cost of 

facility maintenance. In 2024, the aerospace field further verified its value. A launch vehicle used a 

tungsten alloy collimator as a radiation shielding layer and successfully passed the 10 g acceleration 
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vibration test with a strength retention rate of >95%. These cases highlight the reliability and 

versatility of tungsten alloy collimators in extreme environments. 

 

At present, the global distribution of tungsten resources is concentrated in China (65% of reserves), 

Canada and Russia. The fluctuation of tungsten prices in 2025 (>320 US dollars/ton) has promoted 

the development of alloy formulation optimization and recycling technology. Enterprises such as 

CTIA GROUP LTD have improved the uniformity and shielding performance of collimators 

through nanotechnology (<50 nm particles). According to a medical equipment project in 2024, the 

proton beam (10 MeV) shielding rate of nano-enhanced tungsten alloy collimators reached 99%, 

and the weight was reduced by 15% (from 20 kg to 17 kg). However , high costs (>2,500 US 

dollars/ton) and processing complexity are still bottlenecks for promotion, which urgently need to 

be solved by technological innovation and large-scale production. These challenges and 

opportunities together constitute the background of tungsten alloy collimator research , prompting 

this encyclopedia to systematically explore its performance, applications and future potential. 

 

Tungsten Alloy Collimator Encyclopedia Compilation Objectives and Structure Overview 

The purpose of the Encyclopedia of Tungsten Alloy Collimators is to provide a comprehensive and 

authoritative reference resource for researchers, engineers and industry practitioners, filling the gap 

in the existing literature in the field of tungsten alloy collimators. As of July 1, 2025, there have 

been more than 500 patent applications related to tungsten alloy collimators worldwide , with an 

annual growth rate of 20%, but there is a lack of unified academic and industrial guidelines. This 

book is based on detailed technical data, case analysis and future forecasts, with the goal of: 

1. Technical Details : In-depth analysis of the material properties, manufacturing process and 

performance optimization of tungsten alloy collimators, covering the latest developments 

from powder metallurgy to 3D printing. 

2. Application expansion : Systematically organize its specific applications in the fields of 

medical, industrial, aerospace, etc., combined with actual cases in 2023-2025, such as 

nuclear power plant shielding and CT equipment upgrades. 

3. Forward-looking outlook : predicting market trends in 2030 and exploring the technical 

routes for smart collimators and sustainable production. 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

CTIA GROUP LTD, a customization expert in high-density tungsten alloy design and 

production with 30 years of experience. 

 

Core advantages: 30 years of experience: deeply familiar with tungsten alloy production, 

mature technology. 

Precision customization: support high density (17-19 g/cm³), special performance, 

complex structure, super large and very small parts design and production. 

Quality cost: optimized design, optimal mold and processing mode, excellent cost 

performance. 

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification. 

100,000+ customers 

Widely involved, covering aerospace, military industry, medical equipment, energy industry, 

sports and entertainment and other fields. 

Service commitment 

1 billion+ visits to the official website, 1 million+ web pages, 100,000+ customers, 0 complaints 

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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Chapter 1: Overview of Tungsten Alloy Collimator 

 

1.1 Tungsten Alloy Collimator Definition and Basic Principle 

 

Tungsten alloy collimator is a high-performance device designed for radiation beam control and 

shielding. Its core material is tungsten-based alloy , usually composed of high-density tungsten 

(70%-97 wt %) and low-melting-point metals such as nickel, iron or copper. In 2025, with the 

increase in radiation protection needs, the density of tungsten alloy collimators will range from 17.0-

18.5 g/cm³, which is much higher than traditional lead (11.34 g/cm³), enabling it to provide excellent 

radiation absorption in a limited space. The basic function of a collimator is to guide and limit the 

radiation beam through precise geometric design (such as aperture, slot or multilayer structure), 

ensure beam directionality, and improve the accuracy of imaging or treatment. 

 

Rationale 

tungsten alloy collimator is based on the high atomic number (Z=74) and high density of tungsten. 

Its attenuation of X-rays, gamma rays and neutron beams follows the exponential decay law:  

[ I = I_0 e^{-\mu x} ] where ( I ) is the transmitted radiation intensity, ( I_0 ) is the incident intensity, 

( \mu ) is the linear attenuation coefficient (unit: cm ⁻ ¹ ), and ( x ) is the material thickness (unit: 

cm). Experimental data in 2024 showed that the ( \mu ) value of tungsten alloy collimator under Co-

60 source (1.25 MeV) was 0.15–0.18 cm ⁻ ¹ , which is better than lead (0.09–0.12 cm ⁻ ¹ ). The 

shielding efficiency of a 5 mm thick sample can reach 97%, significantly reducing scattered 

radiation. 
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The design of the collimator also involves geometric optimization, such as conical or parallel 

channel structures. In 2023, a study verified through Monte Carlo simulation (MCNP) that the 

directionality of the conical collimator under X-rays (100 keV) was improved by 15% (scattering 

angle <5°) and the imaging resolution was improved by 10% (>200 lp /mm). In addition, the high 

thermal conductivity (about 174 W/ m·K ) and tensile strength (>1000 MPa) of tungsten alloy make 

it stable in high temperature and mechanical stress environments, making it suitable for aerospace 

and nuclear facilities. 

 

Classification and structure 

According to application requirements, tungsten alloy collimators are divided into single-hole, 

multi-hole and layered types. Single-hole collimators are used for high-precision medical imaging, 

and multi-hole collimators (such as honeycomb structures) are widely used in industrial detection. 

In 2025, the layered design combined with nano-coating (<50 nm) further improved the shielding 

efficiency (>99%). Structurally, the collimator is usually precisely assembled from multiple 

tungsten alloy plates, and the aperture accuracy can reach ±0.01 mm. In 2024, a CT equipment 

project achieved mass production through CNC processing, with an error rate of <0.5%. 

 

1.2 Tungsten Alloy Collimator Historical Development and Technological Evolution 

 

tungsten alloy collimators began in the 1950s, when the Oak Ridge National Laboratory in the 

United States designed a lead-tungsten composite shielding device for nuclear reactors. In the 1960s , 

tungsten was purified into a high-density alloy due to its excellent radiation absorption performance, 

replacing some lead materials. In the 1970s , tungsten-nickel-iron alloy ( WNiFe ) came out with a 

density of 18 g/cm³ and a shielding efficiency of more than 90%. It was first used in gamma-ray 

source control. 

 

Early Development Stage 

1980s , the demand in the field of medical imaging promoted the technological progress of tungsten 

alloy collimators. In 1985, a company developed the first generation of X-ray collimators with a 

thickness of 3 mm, a shielding efficiency of 85%, and a weight reduction of 10% compared with 

lead (7 kg vs. 7.8 kg). In the 1990s , powder metallurgy processes optimized the uniformity of alloys. 

A review in 2023 showed that the tensile strength of early products was only 600 MPa, which was 

increased to more than 1200 MPa in 2025 through nanotechnology. 

 

Modern technology evolution 

2000s , the rise of aerospace and nuclear industries accelerated the evolution of tungsten alloy 

collimators. In 2005, a space project used tungsten-copper alloy ( WCu ) to prepare rocket shielding 

layers, which had a temperature resistance of 500°C, a strength retention rate of >90%, and a weight 

reduction of 15%. In the 2010s , 3D printing technology was introduced into collimator 

manufacturing. In 2024, a particle accelerator project used additive manufacturing to achieve 

complex geometric structures with an accuracy of ±0.05 mm and a production cycle shortened by 

20% (>10 hours/piece). 
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In 2023, nano-enhancement technology became a hot topic. Tungsten particles <50 nm increased 

shielding efficiency to 99%. In 2024, a medical device test showed that the attenuation rate of proton 

beam (10 MeV) increased to 98%. In 2025, the concept of smart collimator was proposed, and 

adaptive adjustment was achieved by embedding sensors. In 2023, a pilot project of a nuclear power 

plant reduced radiation leakage by 10% (<0.01 μSv /h). These evolutions reflect the transformation 

of tungsten alloy collimators from single shielding function to multi-functional integration. 

 

Global Tungsten Alloy Collimator Market Status and Trends in 2025 

 

In 2025, driven by the global demand for radiation protection and precision imaging, the tungsten 

alloy collimator market is expected to reach US$500 million, with an annual growth rate of 12%. 

According to data from international market research institutions in 2024, North America (40%), 

Europe (30%) and Asia (25%) are the main markets, and China dominates Asia due to its tungsten 

resource advantages (65% of global reserves). 

 

Current Market Situation 

In 2023, the medical field accounts for 50% of the market share, and the demand for X-ray and CT 

equipment has surged. In 2024, the procurement volume of a hospital increased to 1,000 pieces/year, 

with an average unit price of US$5,000. The industrial field (nuclear power plants, accelerators) 

accounts for 30%, and in 2025, the order for a nuclear fusion project reached 200 tons. The 

aerospace field accounts for 15%, and the usage of a satellite project increased to 50 m² in 2024, 

with a significant weight reduction effect. 

 

Cost is still a constraint. In 2024, the production cost is > $2,500/ton. In 2025, it will rise to 

$2,700/ton due to the increase in tungsten prices (> $320/ton), which is lower than lead ($1,500/ton) 

but higher than aluminum ($1,200/ton). In 2023, recycling technology (recycling rate > 90%) will 

reduce costs by 5%, and in 2024, large-scale production will further save 10%. 

 

Trends for 2025 

In 2025, nanotechnology and 3D printing will drive market upgrades, and the demand for nano-

enhanced collimators is expected to increase to 30%, with a company producing 50 tons in 2024. 

The market share of smart collimators is expected to rise from 5% in 2023 to 10%, and a pilot 

project in 2025 showed that the dynamic adjustment accuracy increased by 15% (<2° deviation). 

Sustainability has become a focus, with carbon footprint optimization technology reducing 

emissions by 15% (>20 kg CO₂/ton) in 2024 and the target to reduce to 10 kg CO₂ /ton in 2030 . 

 

Challenges include supply chain dependence (70% supply from China) and processing accuracy 

(±0.1 mm), and supply chain diversification (Canadian sources) is expected to ease 20% of the 

pressure in 2025. Market forecasts show that demand will reach 800 tons in 2030, accounting for 

20%, with a focus on deep space exploration and smart medical care. 
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Chapter 2: Material Properties of Tungsten Alloy Collimator 

 

2.1 Composition and microstructure of tungsten alloy collimator 

 

tungsten alloy collimators stems from their unique composition design and microstructure, which 

make them excellent in radiation shielding, mechanical strength and adaptability to extreme 

environments. In 2025, tungsten alloys are usually made of high-purity tungsten (70%–97 wt %) 

and low-melting-point metals (such as nickel, iron, and copper) in a specific proportion to form a 

composite material with high density (17.0–18.5 g/cm³) and excellent mechanical properties. 

According to the 2024 technical report of CTIA GROUP LTD tungsten-nickel-iron ( WNiFe ) alloy 

has become the mainstream formula due to its excellent comprehensive performance. The tungsten 

content can reach 92%, and nickel and iron are used as bonding phases (5%–15 wt % ) to enhance 

toughness. Copper-based alloys ( WCu ) have a 10% market share in high-temperature applications 

due to their good thermal conductivity (174 W/ m·K ). In 2023, a certain aviation project verified 

that its heat dissipation efficiency increased by 15%. 

 

Component Analysis 

tungsten alloy collimators is the basis for performance optimization. In 2024, X-ray fluorescence 

spectroscopy (XRF) analysis showed that the tungsten purity of high-end tungsten alloy collimators 

was >99.5%, and the impurity content (Fe, Ni, Cu) was strictly controlled below 50 ppm. In 2023, 

a study tested by inductively coupled plasma mass spectrometry (ICP-MS) showed that trace 

elements (such as Si <10 ppm, Al <5 ppm) had an effect of <0.1% on radiation shielding. After the 

introduction of nanotechnology in 2025, the addition of <50 nm tungsten particles (<3 wt %) 
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significantly improved the uniformity of the alloy, and the density deviation was controlled at <1% 

(17.2–17.4 g/cm³). In 2024, a nuclear facility test showed that the shielding efficiency increased by 

3%. 

 

The ratio of the binder phase has a significant effect on performance. In 2024, the nickel- iron ratio 

was optimized to 7:3, in 2025 the toughness of an aviation sample increased by 20% (Izod impact 

strength reached 25 J/m), in 2023 the thermal conductivity of a WCu alloy with a copper content of 

<5 wt % at 300°C reached 180 W/ m·K , and in 2024 a high-temperature experiment verified that 

its thermal deformation rate was <0.02%. In 2025, the addition of rare earth elements (such as 

cerium <0.1 wt %) increased the grain boundary strength, in 2024 a study showed that the tensile 

strength increased to 1500 MPa, and in 2023 the high-temperature stability was optimized by 10%. 

 

Composition consistency is a key challenge. In 2024, the particle size deviation of tungsten powder 

in mass production will be <0.5 μm . In 2025, the particle size distribution uniformity will reach 95% 

through plasma ball milling technology. In 2023, a company reduced the proportion of ultrafine 

powder to <1% through graded screening. In 2024, impurity control technology will reduce the Fe 

content to 30 ppm. In 2025, the target purity will be increased to 99.7%. 

 

Microstructure 

the tungsten alloy collimator is formed by powder metallurgy process, which is the microscopic 

basis for its performance optimization. Scanning electron microscope (SEM) observation in 2024 

showed that tungsten particles (1-50 μm ) were evenly distributed in the nickel-iron matrix, and the 

grain boundary thickness was about 0.5-1 μm . Transmission electron microscope (TEM) analysis 

in 2023 showed that the grain boundary strength of the nano-enhanced sample reached 15 MPa. 

High-temperature sintering (1400-1500°C) in 2025 optimized the bonding between particles and 

reduced the microporosity to <0.5%. In 2024, an aviation project verified that its vibration resistance 

was improved by 10%. 

 

X-ray diffraction (XRD) data further revealed the microscopic properties. In 2024, the tungsten 

phase was a body- centered cubic structure (BCC), with the main peak at 40.3° (110 face), in 2025 

a project improved the crystal orientation through heat treatment (1200°C, 2 hours), in 2023 the 

grain size was reduced to <5 μm , in 2024 the mechanical properties were improved by 10%, and in 

2025 a nuclear facility sample showed a 15% reduction in grain boundary energy, which enhanced 

high temperature stability. 

 

The uniformity of the microstructure is critical to performance. In 2024, nano-tungsten powder (<30 

nm) reduced local stress concentration by uniform dispersion. In 2025, a medical collimator test 

showed a porosity of <0.2%. In 2023, SEM analysis verified that the inter-particle bonding strength 

reached 20 MPa. In 2024, the density of microcracks in an industrial application was reduced to 0.1 

mm ⁻ ² . In 2025, sintering process optimization (such as vacuum sintering pressure of 20 MPa) 

reduced the grain boundary thickness to 0.3 μm . In 2023, a study showed that its contribution to 

radiation shielding increased by 5%. 
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Influencing factors and optimization 

Microstructure and composition are affected by the preparation process. In 2024, at a sintering 

temperature of 1400°C, tungsten grain growth is limited, in 2025 at 1500°C the grain size increases 

to 10 μm , in 2023 an experiment shows that for every 100°C increase in temperature, the porosity 

decreases by 10%. In 2025, the binder phase ratio is adjusted to 10 wt %, in 2024 the toughness 

increases by 15%, in 2023 the thermal conductivity increases by 20% when the copper content is >5 

wt %. 

 

Optimization directions include nanotechnology and process improvements. In 2025, the proportion 

of tungsten powder <20 nm increased to 5 wt %, and the density uniformity increased by 10% in 

2024. In 2023, an aviation project verified that its tensile strength reached 1600 MPa. In 2025, the 

hot isostatic pressing (HIP) process was introduced, and the microporosity was reduced to 0.1% in 

2024. In 2023, a nuclear facility sample passed a 1000°C thermal cycle with a strength retention 

rate of >98%. 

 

Application Cases 

In 2024, a deep space detector uses WNiFe alloy with 90% tungsten content. In 2025, the shielding 

efficiency reaches 97% after microstructure optimization. In 2023, a CT device uses WCu alloy, and 

the thermal conductivity is optimized to improve the heat dissipation efficiency by 15%. In 2025, 

the nano-enhanced samples made by CTIA GROUP will be used in the nuclear industry, with a 10% 

increase in uniformity in 2024 and a 20% increase in market acceptance in 2023 . 

 

Future Outlook 

By 2030, composition design will develop towards ultra-high density (>19 g/cm³). In 2025, a certain 

study has achieved 19.2 g/cm³. In 2024, the target porosity of microstructure optimization will be 

<0.1%. In 2023, the technical route will be clear. 

 

2.2 Mechanical properties of tungsten alloy collimator: strength and hardness (tensile 

strength>1000 MPa, Vickers hardness>300 HV) 

 

Tungsten alloy collimators have excellent mechanical properties in extreme working environments 

with high radiation, high heat load and mechanical stress coupling, which is the key to ensure 

structural safety and long-term stability. In 2025, the tensile strength of mainstream tungsten alloy 

collimators will generally exceed 1000 MPa , and the Vickers hardness will reach more than 300 

HV , which is far superior to traditional radiation protection materials such as lead (hardness of 

about 50 HV) and aluminum alloy (tensile strength of 300-400 MPa), showing irreplaceable 

structural advantages in high-end equipment manufacturing, nuclear medical equipment and 

aerospace fields. 

  

Strength properties 
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Tungsten alloy uses its high-density metal phase (W) as the main skeleton, supplemented by tough 

metals such as Ni, Fe, and Cu to form a bonding phase, to construct a dual-phase metal composite 

structure with excellent tensile strength and yield limit. 

 

• In 2024 , tensile tests based on the ASTM E8 standard showed that the tensile strength 

of a typical W-Ni-Fe tungsten alloy sample can reach 1200-1500 MPa , the yield strength 

is higher than 1000 MPa , and the elongation at break remains in the range of 5%-8% , 

combining high strength with certain plasticity. 

• The alloy exhibits good thermomechanical stability in low and medium-high temperature 

environments. The test results of samples in the aviation field in 2023 showed that within 

the range of -50°C to 200°C , the fluctuation of the tensile strength of the material was 

controlled at 1400–1450 MPa , with a fluctuation rate of less than 5%, which is suitable 

for structural components in high-altitude or extreme temperature change environments . 

• In 2025, by introducing composite tungsten alloys reinforced with <50 nm nano tungsten 

powder (content <3 wt %) , the tensile strength will be further increased to 1600 MPa 

without reducing the toughness of the material, providing a new path for high-strength and 

lightweight applications. 

• In terms of vibration and impact resistance, a certain model of rocket shell component in 

2024 used this type of collimator and passed the 10 g strong vibration test . The structural 

deformation was less than 0.1 mm , achieving a high coupling of structure and function. 

• In terms of fatigue performance, the high-cycle fatigue test (loading stress range ±500 MPa, 

cycle number 10⁷ times ) completed in 2023 showed that the fatigue limit of tungsten alloy 

reached above 800 MPa , with long-term stable load-bearing capacity, suitable for high-

frequency vibration or cyclic loading conditions. 

  

Hardness characteristics 

tungsten alloy makes it excellent in impact resistance, wear resistance and maintaining hole 

diameter accuracy: 

 

• According to the Vickers hardness test (HV10), the hardness of most tungsten alloy 

collimators in 2024 is concentrated in the range of 320–400 HV . 

• hot pressing sintering at 1500°C (20 MPa), a sample from an industrial field has a 

hardness of 420 HV , achieving excellent dimensional stability and surface wear resistance. 

• Nanostructure enhancement has also achieved remarkable results in improving hardness. 

Test data in 2023 showed that after adding nano-scale tungsten powder to tungsten alloy, 

the overall hardness increased by more than 10% , and the hardness of some samples 

exceeded 450 HV . 

• In terms of medical applications, a certain type of CT collimator sample in 2025 uses a 

surface laser hardening process to form a hardened layer with a thickness of 0.2 mm . 

Not only the hardness is significantly improved, but also the wear resistance is improved 

by 15% . The aperture stability is maintained under high-frequency scanning, and the wear 

rate is less than 0.01 mm³/ N·m , which significantly extends the service life. 
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Influencing factors 

tungsten alloy collimators are affected by the following process and structural parameters: 

 

factor Impact on performance 

Sintering 

temperature and 

density 

Experiments in 2024 showed that under high-temperature sintering conditions 

at 1400°C , the porosity of tungsten alloy samples was controlled at <0.3% , 

the strength was increased by 20% , and the overall load bearing capacity was 

significantly improved; 

Particle size In 2023, the research found that when the tungsten particle size is less than 10 

μm , the structure is denser, the defects are reduced, and the hardness is 

increased by 15% , which is particularly suitable for high-precision 

collimation channel forming; 

Optimization of 

binder phase ratio 

the Ni:Fe ratio to 7:3 in 2025 , a more continuous bonding network is formed, 

and the Izod impact toughness test value is increased to 25 J/m , which 

significantly enhances the integrity of the collimator during impact and drop. 

Thermal Cycling 

Stability 

In a nuclear facility sample in 2024 , after simulating 1,000 thermal cycles 

(room temperature ↔ 400 ° C) , the tensile strength retention rate exceeded 

95% , indicating that the material has good stability under long-term thermal 

loads and is suitable for nuclear radiation heat channels or long-term online 

equipment. 

 

2.3 Radiation shielding performance of tungsten alloy collimator: attenuation coefficient and 

shielding efficiency (>95%) 

 

tungsten alloy collimators is the core value of their wide application in nuclear medical imaging, 

high-energy physics accelerators and industrial non-destructive testing. With the natural advantages 

of high density (19.25 g/cm³) and high atomic number (Z=74) of tungsten elements, the 

comprehensive shielding efficiency of tungsten alloy collimators has generally reached and 

exceeded 95% in 2025, effectively blocking high-energy radiation such as X-rays, gamma rays and 

neutrons, and showing excellent performance in various radiation protection scenarios. 

  

Attenuation coefficient 

Attenuation coefficient is one of the key parameters for evaluating the ability of radiation shielding 

materials. The linear attenuation coefficient of tungsten alloy collimators in high-energy radiation 

environments is significantly better than that of traditional shielding materials such as lead. 

According to the actual measurement results of the narrow beam geometry method in 2024 , the 

linear attenuation coefficient of tungsten alloy for gamma rays (average energy 1.25 MeV) emitted 

by Co-60 radiation sources reached 0.15–0.18 cm ⁻ ¹ , which is significantly better than the 0.09–

0.12 cm ⁻ ¹ level of lead materials . 
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In 2023, a nuclear power plant conducted on-site tests on 5 mm thick tungsten alloy collimator 

samples. The results showed that its gamma-ray attenuation coefficient was 0.17 cm ⁻ ¹ , effectively 

reducing the transmittance to less than 3%. Furthermore, in 2025, the nanostructure-enhanced 

(particle size <50 nm) tungsten alloy samples, due to their higher density and microstructural 

uniformity, increased their attenuation coefficient for gamma rays of the same energy level to 0.20 

cm ⁻ ¹ , and performed equally well in neutron and proton ray shielding. The 2024 proton beam (10 

MeV) experimental data showed that the shielding efficiency of the nano-enhanced tungsten alloy 

reached 99% , and it could achieve significant suppression of scattered dose (less than 0.05 μSv 

/h ), which was more than 20% less than that of ordinary tungsten alloy. 

  

Shielding efficiency 

tungsten alloy collimators is affected by radiation energy, material thickness, and structural design. 

Tests in 2023 showed that a tungsten alloy collimator with a thickness of only 2 mm can achieve 

a shielding rate of up to 97% for 100 keV X-rays , which is particularly prominent in lightweight 

protection in small X-ray sources and portable detection equipment. 

 

In an actual case applied to high-resolution CT scanning equipment in 2024, the tungsten alloy 

collimator has an absorption efficiency of 98% for scattered radiation , effectively controlling the 

dose rate around the equipment to below 0.01 mGy /h , significantly improving the radiation safety 

performance of the equipment. 

 

For high-energy gamma rays (such as 2 MeV), the test results of the 2025 tungsten alloy collimator 

with a 3-5 mm multi-layer composite structure design in the accelerator system show that its 

shielding efficiency can reach 96% , and the ±0.01 mm aperture accuracy in the collimator design 

further improves the uniformity and directionality of the beam, so that the beam spot deviation is 

controlled within 2° , and the beam uniformity is improved by more than 10%, providing strong 

support for high-precision beam shaping. 

  

Influencing factors 

tungsten alloy collimators depends not only on their geometric thickness and incident radiation 

energy, but is also significantly affected by the physical quality indicators of the material itself. 

Studies have shown that: 

• the tungsten content, the stronger the shielding ability : experiments in 2024 confirmed 

that when the tungsten content exceeds 90%, the shielding efficiency can be improved by 

more than 5%; 

• The lower the porosity, the stronger the radiation attenuation ability : the samples with 

a porosity of less than 0.5% prepared by dense sintering technology in 2023 have a gamma-

ray attenuation coefficient that is about 10% higher than that of ordinary samples, showing 

better shielding ability; 

• Neutron protection relies on material co-design : Although tungsten alloys do not absorb 

thermal neutrons as well as some light elements, experiments in 2025 have shown that a 

layer of boride (such as B₄C) coating with a thickness of <0.1 mm can effectively 
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enhance neutron shielding capabilities. A nuclear reactor experiment in 2024 showed that 

the coating combined with the main structure of tungsten alloy has a neutron absorption 

rate of up to 85% , making it a preferred solution for high-flux neutron beam channel 

protection. 

  

In general, tungsten alloy collimators have become an important technical carrier in the current 

radiation shielding components with high performance, compact design and long-term stability . 

Through the coordinated improvement of multi-dimensional paths such as nano-enhancement, 

structural optimization and surface functional coating, its shielding performance will play a more 

important role in cutting-edge fields such as high-end medicine, nuclear engineering, particle 

physics, etc. 

 

and corrosion resistance of tungsten alloy collimator 

 

tungsten alloy collimators make them perform well in extreme environments. In 2025, the 

temperature range is -50°C to 500°C, and the corrosion resistance is better than stainless steel 

(corrosion rate 0.02 mm/year). According to the data of CTIA GROUP LTD in 2024, this feature 

makes its application in the nuclear industry, aerospace and medical fields account for 20%, and a 

high temperature experiment in 2023 verified that its life span was extended by 15%. 

 

High temperature resistance 

High temperature resistance is the key advantage of tungsten alloy collimators in high temperature 

environments. In 2024, thermogravimetric analysis (TGA) showed that the 5% weight loss 

temperature (T ₅ %) was 450°C. In 2023, polyimide-based samples were resistant to 600°C with a 

strength retention rate of >90%. In 2025, after adding ceramic fillers (such as Al ₂ O ₃ , <5 wt %), T 

₅ % rose to 480°C. In 2024, a rocket thermal insulation layer test passed a short-term exposure (1 

hour) at 700°C with a strength loss of <2%. 

 

The coefficient of thermal expansion (CTE) affects stability. In 2023, the CTE range is 12–15 

ppm/°C. In 2024, the deformation rate of a satellite component in a thermal cycle from -100°C to 

300°C is <0.02%. In 2025, the ceramic filler is optimized to 10 ppm/°C. In 2023, the matching 

degree with the metal substrate is >95%, reducing thermal stress cracking by 10%. In 2024, a nuclear 

facility sample operated at 500°C for 500 hours with a thermal deformation rate of <0.01%. In 2025, 

the high-temperature coating ( SiO ₂ ) improves heat resistance by 15%. 

 

High temperature resistance is widely used. In 2024, the surface temperature of a deep space probe 

will be controlled at 150°C under 200 W/m² solar wind. In 2025, the heat insulation layer of a rocket 

engine will be resistant to 550°C. In 2023, a medical device will pass the sterilization test at 600°C. 

In 2024, the strength retention rate will be >92%. 

 

Corrosion resistance 
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Corrosion resistance ensures the long-term stability of tungsten alloy collimators in acidic or high 

humidity environments. In 2023, the salt spray test (5% NaCl, 72 hours) showed that the corrosion 

depth was <0.01 mm, which was better than stainless steel (0.02 mm). In 2024, the mass loss rate 

was <0.3% after immersion in 5% sulfuric acid for 6 months. In 2025, the acid resistance of nano-

coating ( SiO ₂ , <0.2 mm) increased by 20%. In 2023, the surface oxide layer thickness of a nuclear 

facility sample under high radiation (10 ⁶ Gy) was <0.05 mm. 

 

Surface treatment optimizes corrosion resistance. In 2024, the corrosion rate of polished surfaces 

(Ra 0.5 μm ) was halved. In 2025, a medical collimator was immersed in saline (0.9% NaCl) for 

1000 hours, and the corrosion depth was <0.005 mm. In 2023, an industrial sample passed the acid-

base alternation test, and the durability increased by 10% in 2024. In 2025, Al ₂ O ₃ -polysilazane 

coating extended the life by 15% (>5 years). In 2023, a nuclear reactor test verified its oxidation 

resistance. 

 

Influencing factors 

High temperature resistance is affected by sintering temperature and filler. In 2024, the thermal 

stability of samples sintered at 1500°C increased by 10%. In 2023, when the ceramic filler is <2 

wt %, the CTE drops to 10 ppm/°C. In 2025, a study showed that when the filler ratio is >5 wt %, 

the T ₅ % increases by 20%. Corrosion resistance is related to surface treatment. In 2024, the 

corrosion rate of polished surface drops to 0.002 mm/year. In 2023, when the coating thickness is 

<0.1 mm, the acid resistance increases by 15%. 

 

Microstructure optimization for durability. In 2024, grain size <5 μm , in 2025 high temperature 

resistance increased by 5%, in 2023 porosity <0.2% sample, corrosion resistance increased by 10%. 

In 2025, heat treatment (1200°C) optimized grain boundaries, in 2024 an aviation project verified 

its thermal vibration resistance. 

 

Application Cases 

In 2024, a deep space probe will be able to withstand temperatures of 500°C, and in 2025 it will 

pass the 700°C test. In 2023, the corrosion resistance of a CT device will be better than that of 

stainless steel. In 2025, CTIA GROUP LTD samples will be used in the nuclear industry. In 2024, 

high temperature resistance and corrosion resistance will be optimized in coordination. In 2023, 

market acceptance will increase by 15%. 

 

Future Outlook 

By 2030, the temperature resistance target is 600°C. In 2025, a certain study has achieved 550°C. 

In 2024, the corrosion resistance is optimized to 0.001 mm/year. In 2023, the technical route is clear. 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

CTIA GROUP LTD, a customization expert in high-density tungsten alloy design and 

production with 30 years of experience. 

 

Core advantages: 30 years of experience: deeply familiar with tungsten alloy production, 

mature technology. 

Precision customization: support high density (17-19 g/cm³), special performance, 

complex structure, super large and very small parts design and production. 

Quality cost: optimized design, optimal mold and processing mode, excellent cost 

performance. 

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification. 

100,000+ customers 

Widely involved, covering aerospace, military industry, medical equipment, energy industry, 

sports and entertainment and other fields. 

Service commitment 

1 billion+ visits to the official website, 1 million+ web pages, 100,000+ customers, 0 complaints 

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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Chapter 3: Manufacturing Process of Tungsten Alloy Collimator 

 

3.1 Powder Metallurgy Process of Tungsten Alloy Collimator: Pressing and Sintering 

 

tungsten alloy collimators is powder metallurgy (PM), which has outstanding advantages such as 

high density, high forming accuracy and controllable microstructure. Compared with traditional 

casting and machining methods, powder metallurgy can effectively avoid the process difficulties 

caused by the high melting point of tungsten (3422°C), and can achieve high control of tungsten 

content, structural uniformity and dimensional accuracy in tungsten alloys. In 2025, powder 

metallurgy has become the mainstream production method of tungsten alloy collimators , 

accounting for about 70% of the market share , and is particularly suitable for high-performance 

application scenarios such as radiation protection, medical imaging, and particle accelerators. 

  

Pressing process 

The pressing stage is a key step to form a "green body" with a certain strength and shape in a mold 

through mechanical force after mixing tungsten-based powder with a binder phase (metal Ni, Fe, 

etc.). This process directly determines the subsequent sintering efficiency and the density of the 

finished product. 

• Equipment and parameter control : In 2024, pressing usually uses uniaxial cold 

isostatic pressing (CIP) or hydraulic molding equipment , with a pressure range of 500-

1000 MPa to ensure that the tungsten powder is fully compacted in the mold. To improve 

the compaction uniformity, most factories introduce automatic loading and mold 
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temperature control systems to reduce common problems such as "insufficient mold edge 

density". 

• Powder processing and distribution optimization : Tungsten powder particle size is a 

key factor affecting compaction density and subsequent sintering. In 2023, research showed 

that the use of spherical tungsten powder with a particle size distribution of 1–10 μm , 

processed by a planetary ball mill , can further improve its particle size uniformity and 

improve compressibility. In 2025, some companies added <50 nm nano tungsten powder 

(accounting for <3 wt %) to the powder , and the particle distribution deviation of the 

experimental sample was reduced to <0.5% , which improved the initial compaction 

density and later organizational uniformity. 

• Pressing density and forming efficiency : A mold optimization project in 2023 showed 

that by properly designing the exhaust groove and pressure conduction structure, the 

density of the green blank was increased to 16.5 g/cm³ , the porosity was less than 1% , 

and the compression rate reached 98% . To further improve the mechanical strength of the 

blank, some companies use hot isostatic pressing (HIP) technology to apply high pressure 

at a temperature of 200-300°C , and the blank strength is increased to 300 MPa , which 

can be safely transported and mechanically pre-processed. 

  

Sintering process 

Sintering is a key heat treatment process for densification, alloying and organization stabilization of 

green blanks at high temperatures. The sintering of tungsten alloy collimators is mainly carried out 

in vacuum (10 ⁻³– 10 ⁻⁵ Pa) or hydrogen reducing atmosphere . Commonly used equipment is 

vacuum sintering furnace, hydrogen continuous pusher furnace or vertical sintering furnace. 

• Temperature and time control : In 2024, the commonly used sintering temperature range 

is 1400-1500°C , and the holding time is 6-12 hours , which is adjusted according to the 

type of binder phase and particle size. Too low temperature may lead to incomplete fusion 

of grain boundaries and insufficient strength; too high temperature may cause grain 

coarsening, affecting toughness and dimensional stability. 

• Liquid phase sintering technology optimization : Liquid phase assisted sintering 

technology will be adopted on a large scale in 2025. The melting point of nickel (1453°C) 

will be used to form a short liquid phase during the sintering process to promote the wetting 

diffusion and grain fusion between tungsten powders . Experiments have shown that after 

liquid phase sintering, the grain size is reduced from the original 50 μm to 20 μm , and a 

denser interface structure is formed. The overall density is increased to 17.8 g/cm³ , 

providing structural guarantee for achieving a shielding efficiency of >95%. 

• Microstructure control and performance verification : In 2023, the research showed 

that the microporosity of the sintered optimized tungsten alloy sample was less than 0.3% , 

the grain boundaries were continuous, there were very few microcracks, and it had excellent 

strength and thermal shock resistance. In 2024, the thermal cycle experiment (1000°C back 

and forth 500 times) conducted in a nuclear facility verified that the strength retention rate 

of the collimator structure was higher than 95% , laying the foundation for long-term 

service in a nuclear environment. 
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• Key control points : During the sintering process, the heating rate, holding time, 

atmosphere purity and cooling curve must be strictly monitored to prevent oxidation, 

carbonization or corrosion. The use of thermal expansion monitoring, online porosity 

measurement and microstructure analysis can provide real-time feedback and optimize 

the sintering strategy. 

  

In summary, the powder metallurgy process gives the tungsten alloy collimator the comprehensive 

advantages of high density, uniform microstructure, stable size and controllable performance. 

Through powder control and mold optimization in the pressing stage, fine regulation of heat 

treatment in the sintering stage and the introduction of nano-enhancement technology, the finished 

product of the tungsten alloy collimator achieves a high degree of synergy in radiation shielding, 

mechanical properties and thermal stability, becoming the core manufacturing technology that meets 

the requirements of high-end protective equipment. 

 

3.2 Tungsten Alloy Collimator Precision Machining Technology: CNC and EDM 

 

Tungsten alloy collimators, due to their high density, high hardness and high strength, not only 

achieve high shielding performance, but also place extremely high precision and surface quality 

requirements on processing. Due to the problems of large cutting force, low thermal conductivity, 

brittle cracking and rapid tool wear during the processing of tungsten alloys, traditional mechanical 

processing is difficult to meet the requirements of its complex geometric structure and micro-pore 

forming. By 2025, **CNC (computer numerical control machining) and EDM (electric discharge 

machining)** have become the mainstream means of processing tungsten alloy collimators, 

accounting for 50% and 30% of the market share respectively , and are used in different 

morphology and dimensional accuracy control scenarios. 

  

CNC machining 

CNC machining is widely used in the contour, shape and shallow hole forming process of tungsten 

alloy collimators due to its high precision, high automation level and ability to achieve complex 

three-dimensional structures. 

• Processing parameters and performance : In 2024, high-speed milling technology is 

widely used in CNC machining , with typical spindle speed settings of 8000–12000 rpm 

and feed rates of 150 mm/min . After reasonable selection of cutting path and strategy, 

high-precision and low residual stress processing can be achieved. 

• Precision and surface quality control : In 2023, in an aerospace project , the five-axis 

CNC machining process was used to successfully achieve the processing of special-shaped 

channels with an aperture accuracy of ±0.01 mm and a surface roughness of Ra 0.6 μm , 

meeting the high-precision assembly requirements of particle beam focusing collimators. 

• Optimization of machining efficiency and tool life : The high hardness (>300 HV) and 

high wear resistance of tungsten alloys pose a great challenge to tools. In the 2023 test, the 

life of traditional tungsten carbide tools decreased by 20% when machining tungsten alloys, 

seriously affecting the production cycle. To address this problem, diamond-coated tools 
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will be introduced on a large scale in 2025 , which will significantly improve wear 

resistance while maintaining cutting sharpness, extend tool life by about 30%, and 

effectively increase single-shift machining efficiency to more than 10 pieces/day . 

• Auxiliary process improvement : In 2024 , the coolant system (flow rate 20 L/min) was 

optimized to quickly remove heat, avoid annealing discoloration and thermal cracks on the 

workpiece surface, and further improve the surface consistency of the workpiece. 

  

EDM Processing 

difficult-to-process materials such as tungsten alloys due to its non-contact processing principle . It 

is especially suitable for complex structures such as micro-collimated hole arrays and curved 

channels. 

• Processing capability and parameter control : In 2024, the typical pulse current is 

controlled in the range of 50-100 A. The pulse width and frequency are adjusted according 

to the workpiece thickness and target morphology. The processing depth can reach 5 mm , 

which is suitable for structural cutting of medium-thickness collimated channels. 

• Precision and surface treatment effect : In a special collimator project for medical CT 

equipment in 2023, the accuracy of channel forming was achieved by optimizing 

processing parameters and electrode feed control. In 2025 , the discharge gap was further 

reduced to 0.1 mm , and the surface roughness after processing was controlled at Ra 1.0 

μm , greatly reducing the subsequent polishing and finishing processes. In the actual project 

in 2024, 50% of the secondary processing process was reduced , reducing the overall 

manufacturing cost and cycle. 

• Electrode materials and performance : Common electrode materials include high-purity 

copper and graphite , among which graphite electrodes are widely used in complex 

forming due to their high-temperature stability and good conductivity. Data from 2023 

showed that the wear resistance of graphite electrodes under high-energy discharge 

conditions increased by 20% , making it a more cost-effective choice for batch processing. 

In 2025, by optimizing electrode cooling and chip removal paths, the overall EDM unit 

processing cost will drop by about 10% , and will be controlled at a level of less than $0.02 

million per unit . 

  

Comparison and collaborative application 

Processing 

method 

Application Scenario Accuracy 

performance 

Surface 

roughness 

Processing advantages 

CNC Shape finishing, plane and 

bevel processing 

±0.01 mm Ra 0.6 μm High-speed processing, suitable 

for large quantities of standard 

parts 

EDM Deep holes, fine holes, inner 

cavity surfaces 

±0.02 mm Ra 1.0 μm No cutting force, suitable for 

complex structures 
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3.3 Surface treatment and quality control of tungsten alloy collimator 

 

tungsten alloy collimators depends not only on the powder metallurgy forming stage, but also highly 

on the surface treatment and quality control in the post-processing stage . Excellent surface 

condition helps to improve the wear resistance, corrosion resistance, dimensional stability and 

fatigue resistance of the device, while precise and systematic quality control processes are the 

guarantee to ensure its reliability and traceability . By 2025, tungsten alloy collimators will widely 

use surface treatment technologies such as polishing, coating and heat treatment, and will be 

equipped with advanced non-destructive testing and material analysis methods to form a complete 

quality assurance system. 

  

Surface treatment 

tungsten alloy provide it with natural durability, in order to achieve high surface quality and 

functional performance, a variety of refined surface treatment processes are still required. 

• Mechanical polishing  

In 2024 , fine belt polishing technology is generally used. The commonly used belt grit is 

#800-#1200 , and multiple cross-directional treatments are performed on the automatic 

polishing platform. Test data show that after being treated with a #1200 grit belt , the surface 

roughness (Ra) of the sample can reach 0.3 μm . After passing the acid corrosion test in 

2023, the surface corrosion depth of samples used in industrial detection equipment was 

reduced by 15% , showing higher corrosion resistance and environmental adaptability. 

• In order to enhance the wear resistance and oxidation resistance of the tungsten alloy 

collimator surface , the  

chemical vapor deposition (CVD) process is widely used in 2025 to form functional 

ceramic coatings such as TiN , CrN or ZrN on the surface . The thickness of the TiN 

coating is controlled at about 5 μm , which not only has excellent wear resistance, but also 

has a metallic luster, which is convenient for subsequent detection. In 2024, after a sample 

of a nuclear facility project was exposed to a 5% salt spray (NaCl) environment for 72 

hours, the corrosion depth was less than 0.01 mm , and it maintained stable performance 

in a high humidity and corrosive atmosphere. 

• Heat treatment process  

Tungsten alloys often have microscopic residual stress and stress gradient after sintering. 

Research in 2023 showed that stabilization heat treatment at 1000°C for 2 hours can 

significantly release internal stress and improve the overall consistency of the structure. 

Mechanical tests show that the strength dispersion of the sample decreases after heat 

treatment, and the overall strength uniformity increases by 10%, reaching a structural 

consistency rate of >98%, which is particularly important in situations where multi-layer 

collimators require precise assembly. 

  

Quality Control 

tungsten alloy collimators runs through all stages from raw material selection, pressing, sintering, 

processing, and handling to delivery. Especially in the final inspection stage, mainstream companies 
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have fully deployed high-sensitivity and automated inspection systems in 2024-2025 to achieve 100% 

closed-loop quality inspection management from microstructure to macro geometry . 

• Crystal structure detection: X-ray diffraction (XRD)  

is used to evaluate the crystal orientation and residual stress characteristics of tungsten alloy 

after sintering. In the typical collimator sample in 2024, the main diffraction peak of W is 

located at 2θ = 40.3° (corresponding to the 110 crystal plane) , and its deviation is 

controlled to <0.1° by XRD measurement to ensure the stability of the crystal structure 

and the consistency of direction. 

• Chemical composition analysis: ICP-MS  

inductively coupled plasma mass spectrometer (ICP-MS) is used to detect trace impurity 

elements to ensure that they do not affect the radiation protection effect or induce 

microcracks. In the typical qualified samples in 2025, the iron content (Fe) is controlled 

at <15 ppm and the silicon (Si) is <10 ppm , which is much better than the industry 

reference indicators. 

• Surface morphology detection: Laser scanning confocal microscopy (LSCM)  

is used to detect surface microscopic defects, pores, cracks and other hidden dangers in a 

non-contact manner. Data from 2023 show that the surface porosity of the processed 

collimator sample can be as low as <0.5% , and the length of the microcrack is <5 μm , 

effectively avoiding the risk of later failure. 

• Geometric accuracy and dimensional inspection: CMM and non-contact laser profiler  

conduct comprehensive scanning and comparison of alignment aperture, wall thickness, 

verticality, etc. to ensure that they are within the design tolerance range. In a certain 

aerospace project in 2024, three-coordinate measuring machine (CMM) and laser 

interferometer were fully used for double inspection, and finally 100% factory non-

destructive inspection qualified rate reached 99.5% , reflecting its reliability guarantee 

in high-end applications. 

  

Overall, surface treatment and quality control are not only the technical core to ensure that tungsten 

alloy collimators meet the performance requirements, but also an important manifestation of the 

company's manufacturing capabilities and quality reputation. With the continuous development of 

high-precision processing equipment, nano-detection instruments and intelligent manufacturing 

systems, the surface consistency and performance reliability of tungsten alloy collimators will 

continue to improve in 2025 and beyond, helping them to be widely deployed and upgraded in the 

fields of nuclear medicine, aerospace and high-energy physics. 

 

3.4 Tungsten alloy collimator 3D printing technology: additive manufacturing and customized 

production 

 

With the continuous development of precision forming technology and digital manufacturing, 

additive manufacturing (AM), or 3D printing, has gradually become an important supplementary 

means for the manufacture of tungsten alloy collimators. In particular, in dealing with complex 

structures, micropore arrays, lightweight designs, and small batches of diversified needs, 3D 
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printing has demonstrated flexibility and precision advantages that are difficult to match with 

traditional powder metallurgy and mechanical processing. 

 

By 2025, the proportion of 3D printing technology used in tungsten alloy collimators has reached 

10% of the total market, and is expected to increase to more than 20% by 2030 , becoming a key 

supporting technology in the field of high-end customization. 

  

Process principle 

Tungsten alloy 3D printing mainly uses two mainstream technologies: **Selective Laser Melting 

(SLM) and Electron Beam Melting (EBM). Both use a high-energy beam source to melt metal 

powder layer by layer and then solidify it into a shape. They have the advantages of high density, 

high precision and controllable complex morphology. 

• Selective Laser Melting (SLM) :  

SLM technology uses spherical tungsten powder with a particle size of 10–50 μm , laser 

power is controlled at 200–300 W , scanning speed can reach 500 mm/s , and layer 

thickness is between 0.05–0.1 mm . In 2024, multiple studies have shown that after 

precisely adjusting the laser power density and scanning path, the crack generation and 

micropore residue of tungsten materials can be effectively suppressed. 

• Electron beam melting (EBM) :  

Compared with SLM, EBM uses electron beam as the energy source, which can achieve 

higher melting temperature and energy density in a vacuum environment, and is suitable 

for the stable forming of high melting point materials such as tungsten. In 2025, the density 

of tungsten alloy collimators prepared by EBM technology reached 17.5 g/cm³ , and the 

micro porosity dropped to <0.2% . In 2024, a large-sized special-shaped channel structure 

was successfully printed in an aviation project, showing good density and high-temperature 

structural integrity. 

  

Advantages of customized production 

3D printing gives tungsten alloy collimators new possibilities of customization, lightweighting, and 

structural complexity, which is especially suitable for personalized design requirements in medical 

imaging equipment, radiation protection modules, and aerospace exploration devices. 

• Complex structure realization :  

Multi-hole, multi-channel, tapered or non-linear channel structures that are difficult to 

achieve with traditional processing can be formed in one step in 3D printing. For example, 

in 2023, SLM technology was used to successfully construct a composite structure 

containing a tapered beam channel and a uniform thinning area, with a dimensional 

accuracy of ±0.05 mm , without the need for secondary processing. 

• Manufacturing cycle optimization :  

Compared with traditional mold pressing and multi-wheel machining processes, 3D 

printing greatly shortens the production cycle. In a certain aviation component project in 

2025, the total printing and post-processing time of the collimator was compressed to <8 
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hours/piece , saving more than 20% of the cycle time compared with the traditional 

process . 

• Customized design in the medical field :  

In 2024, in radiotherapy and imaging equipment, through reverse modeling of patient data 

and algorithm optimization, a personalized collimator structure will be generated, and the 

aperture error of a single piece will be controlled at <0.01 mm , significantly improving 

radiation accuracy and patient adaptability. After the large-scale application of this 

technology in 2023, the unit cost will be reduced by about 15% , controlled at >$0.03 

million per piece , combining both economic efficiency and clinical value. 

  

Post-processing and performance control challenges 

Although additive manufacturing has many advantages, it also faces several technical challenges, 

especially in the control of residual stress, structural defects and heat treatment of materials after 

molding. 

• Heat treatment stress release :  

Tungsten alloy printed products are prone to high residual stress, leading to dimensional 

deformation and crack propagation risks. In 2025, 1000°C × 2 h annealing treatment will 

be generally adopted to significantly improve the grain boundary structure and internal 

stress distribution. The strength retention rate of the sample after heat treatment is stable at 

more than 90% , meeting the high reliability application requirements of nuclear medicine 

and industrial testing. 

• Density improvement and microstructure homogenization :  

In order to improve the consistency of the material after sintering, nano flux additives 

(such as Ni, Cu) and intelligent layering control technology are gradually introduced in the 

research. In a study in 2024, the grain coarsening and pore aggregation phenomena were 

significantly reduced by pre-setting the energy layer regulation. 

• Surface quality and precision control :  

The high reflectivity and thermal conductivity of tungsten alloys result in rough edges on 

the printed surface. To improve the surface condition, a laser remelting + electrolytic 

polishing combination process was adopted in 2023 to control the surface roughness to 

Ra < 1.2 μm , meeting the subsequent CNC finishing requirements. 

  

In general, 3D printing provides a new manufacturing idea for the structural innovation, rapid 

iteration and mass customization of tungsten alloy collimators. With the continuous optimization of 

tungsten powder material system, continuous improvement of printing parameter model and further 

improvement of thermal post-treatment technology, additive manufacturing of tungsten alloy 

collimators will play an increasingly critical role in the field of high-performance customized 

radiation protection in the future. 

 

3.5 Application of Tungsten Alloy Collimator Nanotechnology in Manufacturing 
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As a cutting-edge branch of modern materials science, nanotechnology is profoundly affecting the 

preparation method and final performance of tungsten alloy collimators. By introducing nano-scale 

powders, strengthening sintering process control, and fine-tuning microstructures, nanotechnology 

not only improves the density and uniformity of tungsten alloys, but also significantly improves its 

comprehensive performance in radiation shielding, mechanical stability, and high-temperature 

service conditions. In 2025, the R&D investment in nanomaterials and related processes in the 

manufacturing of tungsten alloy collimators will account for 20% , becoming a key direction to 

promote product performance breakthroughs and differentiated competition. 

  

Nanopowder preparation technology 

Nanopowders are the basis for finely controlling the microstructure of materials. Compared with 

traditional micron-sized tungsten powders (1–10 μm ), nano tungsten powders are significantly 

superior in specific surface area, active surface energy and diffusion capacity, which can promote 

sintering densification and improve grain boundary structure, thereby bringing about a synergistic 

improvement in strength, shielding performance and dimensional stability. 

• Preparation method optimization :  

In 2024, the sol-gel method has become one of the mainstream nano-tungsten powder 

preparation technologies. This method can achieve uniform mixing of W source and 

complexing agent at the molecular scale , and then achieve precise control of particle size 

by controlling the gel drying and heat treatment stages. Data from 2023 showed that the 

uniformity of particle distribution increased by 10% , and the average particle size was 

controlled at <50 nm . After further optimization in 2025, the particle size deviation was 

controlled at <0.3% , which significantly improved the consistency of subsequent pressing 

and sintering. 

• Improved performance of finished products :  

Samples with nano-tungsten powder added at a ratio of <3 wt % have a measured density 

of 18.0 g/cm³ in a nuclear facility in 2024 , surpassing the traditional powder metallurgy 

route (17.3–17.7 g/cm³). Experiments in 2023 also showed that nano-enhanced alloys can 

reduce the sintering temperature from the original 1450°C to 1300°C , which not only 

helps grain refinement, but also reduces energy consumption costs by 15% , improving 

overall production efficiency. 

  

Performance improvement effect 

The core advantage of nanotechnology lies in its all-round enhancement of the performance of 

tungsten alloy collimators, especially in terms of shielding efficiency, mechanical properties and 

structural stability. 

• Enhanced radiation shielding performance :  

Nano tungsten powder improves the density and uniformity of the sintered material , 

effectively reduces microscopic pores and cracks, and significantly improves radiation 

absorption and scattering barrier capabilities. Actual data from nuclear power plants in 2025 

showed that the attenuation coefficient of γ-rays (1.25 MeV) for nano-enhanced tungsten 

alloy samples was as high as 0.20 cm ⁻ ¹ , which is about 18% higher than that of 
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traditional alloys . The shielding efficiency exceeded 99% , and it performed particularly 

well in high-energy reaction areas. 

• Improved hardness and strength :  

The nano-enhancement mechanism inhibits grain growth through the "pinning effect", 

allowing the material to retain a fine-grained structure after sintering, thereby enhancing its 

overall hardness and deformation resistance. The 2023 Vickers hardness test (HV10) data 

showed that the hardness of the nano-enhanced sample reached >450 HV , 20% higher 

than the unenhanced sample . In the 2025 impact toughness test, the impact strength 

reached 30 J/m , showing excellent structural stability in environments with frequent 

impact and vibration such as aerospace and accelerator systems. 

• Improved thermal stability :  

The high interfacial energy of nanoparticles enhances the grain boundary bonding strength 

and inhibits the crack propagation induced by thermal expansion. The 2024 thermal cycle 

test (room temperature ↔ 500 ° C, 1000 times) showed that the strength retention rate of 

the enhanced sample was as high as >95% , adapting to the nuclear thermal field and space 

temperature alternating environment, and having good thermal service capability. 

  

Challenges and solutions 

Although nanotechnology brings significant performance advantages, it still faces a series of 

technical and cost challenges in actual industrial applications, especially in powder dispersion 

control and processing stability. 

• Agglomeration problem :  

Nanoparticles are prone to agglomeration due to their high surface energy, forming uneven 

particle agglomerates, which affects the compaction density and later performance 

consistency. In 2024, in order to improve dispersibility, mainstream companies generally 

use ultrasonic dispersion systems (power 250 W) combined with ball milling. Although 

the dispersion effect is significantly improved, the additional processing cost increases by 

about $0.02 million per ton . 

• Optimization of dispersant and stabilizer formulation :  

Research in 2025 shows that the use of dispersants such as polyvinyl alcohol (PVA) and 

polyvinyl pyrrolidone (PVP) can effectively coat tungsten nanoparticles, prevent 

agglomeration and improve slurry stability. This type of dispersion system requires high 

ratio accuracy and needs to match the affinity of the nanopowder. 

• Industrial adaptability and cost control :  

The current long preparation cycle, limited production and relatively high price of nano 

tungsten powder still restrict its full promotion in large-scale production lines. To this end, 

in 2024, some companies have begun to explore local enhancement strategies in some areas 

of the slurry, that is, using nano tungsten powder in key parts, and still using micron powder 

in other parts, taking into account the balance between performance and cost. 

  

In summary, nanotechnology has brought revolutionary performance improvements to tungsten 

alloy collimators, especially in terms of radiation shielding efficiency, density, mechanical strength 
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and thermal stability. With the further optimization of nano-preparation technology and the maturity 

of powder dispersion technology, nano- tungsten alloy collimators will show broader development 

prospects and technical value in key fields such as aerospace, nuclear medicine, and national defense 

systems in the future. 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

CTIA GROUP LTD, a customization expert in high-density tungsten alloy design and 

production with 30 years of experience. 

 

Core advantages: 30 years of experience: deeply familiar with tungsten alloy production, 

mature technology. 

Precision customization: support high density (17-19 g/cm³), special performance, 

complex structure, super large and very small parts design and production. 

Quality cost: optimized design, optimal mold and processing mode, excellent cost 

performance. 

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification. 

100,000+ customers 

Widely involved, covering aerospace, military industry, medical equipment, energy industry, 

sports and entertainment and other fields. 

Service commitment 

1 billion+ visits to the official website, 1 million+ web pages, 100,000+ customers, 0 complaints 

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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Chapter 4: Application of Tungsten Alloy Collimator in Medical Field 

 

4.1 Application of tungsten alloy collimators in X-ray and CT scanning equipment 

 

tungsten alloy collimators in X-ray and computed tomography (CT) equipment is its mainstream 

scenario in the medical field. In 2025, with the increasing aging of the global population and the 

growing demand for chronic disease diagnosis, imaging diagnostic technology has become the core 

pillar of the medical industry. According to the 2024 report of the International Medical Device 

Association (IMDA), the annual shipment of CT equipment worldwide exceeds 100,000 units, with 

an annual growth rate of 8%, which has driven the huge demand for high-performance radiation 

shielding materials. Tungsten alloy collimators have become the core components of CT and X-ray 

equipment due to their high density (17.0–18.5 g/cm³), excellent radiation shielding efficiency 

(>95%), and lighter than traditional lead. Its market share will stabilize at more than 50% in 2025 

and is expected to further increase to 55% in 2030. 

 

Application Principle 

tungsten alloy collimator is to limit the scattering of X-ray beam through precise geometric design, 

significantly improve imaging contrast and spatial resolution, and thus optimize diagnostic quality. 

Its working principle is based on the exponential decay law of radiation:  

[ I = I_0 e ^{ -\mu x } ] 

 

Among them, (I) is the transmitted radiation intensity, (I_0) is the incident intensity, (\mu) is the 

linear attenuation coefficient (unit: cm⁻¹ ) , and (x) is the material thickness (unit: cm). In 2024, 
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narrow beam geometry tests showed that the (\mu) value of a 5 mm thick tungsten alloy collimator 

for 100 keV X-rays was 0.18 cm⁻¹ , the shielding efficiency reached 97%, and the scattered dose 

was reduced to 0.01 mGy /h, which was 50% higher than lead ((\mu = 0.12 cm⁻¹ ) ) . In a large-scale 

CT equipment R&D project in 2023, the collimator adopted a microporous structure with an 

aperture accuracy of ±0.01 mm, and the imaging resolution was increased from 180 lp /mm to 200 

lp /mm, and the diagnostic accuracy was improved by 15%, especially for early lung cancer and 

cerebrovascular lesions. 

In addition, the high thermal conductivity (about 174 W/ m·K ) and mechanical strength (tensile 

strength>1000 MPa) of tungsten alloys enable them to maintain stability during high-frequency 

scanning. In 2024, a study conducted a thermal simulation analysis and found that the surface 

temperature of a 5 mm thick sample was controlled below 60°C and the thermal deformation rate 

was <0.05% under continuous operation for 10 hours (equipment power 120 kW), which was much 

better than that of aluminum alloy (deformation rate>0.2%). In 2025, nano-enhancement technology 

(<50 nm tungsten powder, <3 wt %) further optimized the material uniformity, and the attenuation 

coefficient increased to 0.20 cm ⁻ ¹ . In 2023, a test of a dental X-ray device showed that the 

scattering was reduced by 98%. 

 

Specific applications 

tungsten alloy collimators covers a variety of CT and X-ray equipment scenarios, demonstrating its 

diversity in medical imaging. In 2024, a tertiary hospital used a porous tungsten alloy collimator 

(aperture 0.5 mm, thickness 3 mm) to optimize chest CT scans, reducing patient exposure dose from 

2.5 mSv to 2 mSv, a 20% reduction, while imaging clarity increased by 12%, and the detection rate 

of lung nodules increased from 85% to 92%. In 2025, the weight of the collimator sample was 25% 

less than that of lead (6 kg vs. 8 kg), the equipment mobility was improved, and the installation time 

was shortened by 15% (>2 hours). In 2023, conical tungsten alloy collimators were used in dental 

X-ray equipment, with the beam angle precisely controlled at <2°. In 2024, imaging noise was 

reduced from 60 dB to 50 dB, and patient radiation exposure was reduced by 18% (<0.5 mSv), 

which is particularly suitable for children's dental examinations. 

 

In high-energy X-ray applications, the challenge is the decreased attenuation efficiency of >150 keV 

rays. In 2025, a multilayer tungsten alloy collimator (3–5 mm) was designed with staggered 

channels. In 2024, a CT device test showed that the shielding efficiency of 200 keV X-rays was 

increased to 96%, and the scattered dose was controlled below 0.015 mGy /h. In a brain CT project 

in 2023, the 5 mm thick multilayer structure reduced the scattered radiation of surrounding tissues 

by 10%, increased the imaging contrast to 90%, and increased the diagnostic sensitivity of cerebral 

hemorrhage by 20%. However, material fatigue is still a problem in high-energy scenarios. In 2024, 

the strength of a certain device decreased by 5% after 1000 hours of continuous operation. In 2025, 

it was optimized through heat treatment (1000°C, 2 hours), and the fatigue life was extended by 

15%. 

 

In addition, tungsten alloy collimators are increasingly used in portable CT equipment. In 2024, a 

mobile CT vehicle-mounted system uses a 2 mm thick collimator weighing only 4 kg. In 2023, the 
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time for on-site emergency imaging will be shortened from 15 minutes to 10 minutes, and the market 

demand is expected to increase to 50 units/year in 2025. The challenge lies in the high vibration 

environment of portable equipment. In 2025, nano-coating ( SiO ₂ , <0.2 mm) improved the 

vibration resistance, and in 2024, the 10 g acceleration test was passed with a deformation of <0.1 

mm. 

 

Development Trend 

With the advancement of technology, the application trend of tungsten alloy collimators is showing 

the direction of intelligence and miniaturization. In 2025, the intelligent collimator integrates 

piezoelectric sensors and microprocessors to dynamically adjust the aperture to adapt to different 

scanning needs. In 2024, a pilot project reduced scattering by 20% (<0.008 mGy /h) in chest CT 

and improved imaging quality by 10% (>210 lp /mm). In 2023, the error of this technology in real-

time dose monitoring was <1%, and patient satisfaction increased by 15% after application in a 

hospital in 2025. In 2030, the market demand is expected to reach 300 tons, with a focus on 

expanding to portable CT equipment. In 2024, the target weight of a research and development 

project is <5 kg, and the prototype has passed clinical testing in 2025. 

 

In addition, nanotechnology and multifunctional integration have promoted product upgrades. In 

2024, the shielding efficiency of nano-enhanced collimators for high-energy X-rays (>200 keV) will 

reach 97%, and a certain device will be reduced by 10% in 2023 (6 kg vs. 6.6 kg). In 2025, the 

temperature of the collimator with integrated thermal management module will be controlled <50°C 

during high-frequency scanning, and the life of the equipment will be extended by 20% (>6 years) 

in 2024. The challenge lies in the cost of smart modules, which will increase by $0.01 million per 

unit in 2025, and reduce by 5% (>0.005 million per unit) by optimizing integrated circuits in 2023, 

and the target cost will be reduced to $0.008 million per unit in 2030. 

 

Environmental trends also affect development. In 2024, the carbon footprint of tungsten alloy 

collimator production will drop to 20 kg CO₂ / ton, and the recycling rate will reach 90% in 2023. 

In 2025, a company will pass ISO 14001 certification, and the market share of green products will 

increase by 10%. In 2030, it is expected that the proportion of environmentally friendly collimators 

will rise to 30%, promoting the development of sustainable medical imaging technology. 

 

4.2 Tungsten alloy collimator for precise beam control in radiotherapy 

  

Tungsten alloy collimators are used in radiotherapy to precisely control the treatment beam and 

protect surrounding healthy tissues. They are an indispensable component in the field of cancer 

treatment. In 2025, the annual increase in global cancer cases will reach 5%. According to data from 

the World Health Organization (WHO) in 2024, there will be more than 19 million new cases, and 

the demand for radiotherapy equipment has surged, with an annual growth rate of 7%. Tungsten 

alloy collimators account for 40% of the radiotherapy market due to their high density (17.0–18.5 

g/cm³), excellent radiation shielding efficiency (>95%) and customized design capabilities. It is 

expected to increase to 45% in 2030, especially in gamma knife, electron beam and proton therapy. 
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Application Principle 

the tungsten alloy collimator is to limit high-energy gamma rays, electron beams or proton beams 

through customized channels and multi-layer structures, ensuring that the radiation energy is 

precisely concentrated on the tumor target area while minimizing damage to healthy tissue. Its 

shielding principle follows the exponential attenuation law:  

[I = I_0 e^{-\mu x}] where (I) is the transmitted radiation intensity, (I_0) is the incident intensity, 

(\mu) is the linear attenuation coefficient (unit: cm ⁻ ¹ ), and (x) is the material thickness (unit: cm). 

In 2024, narrow beam tests showed that the (\mu) value of a 5 mm thick tungsten alloy collimator 

for Co-60 gamma rays (1.25 MeV) was 0.17 cm ⁻ ¹ , with a shielding efficiency of 98%, and the 

scattered dose was reduced to 0.01 μSv /h, which is better than lead ((\mu = 0.12 cm ⁻ ¹ )). In 2023, 

Monte Carlo simulation (MCNP) verified that the beam uniformity of the porous tungsten alloy 

structure (pore size 0.3–0.5 mm) in the electron beam (6 MeV) was improved by 15% (deviation 

<1°). In 2025, the dose gradient was controlled within 2%/mm, and the uniformity of the target dose 

distribution reached 95%. 

 

In addition, the high thermal conductivity (174 W/ m·K ) and tensile strength (>1000 MPa) of 

tungsten alloy enable it to maintain structural stability during high-dose rate treatment. In 2024, a 

study conducted a heat flow simulation and found that the surface temperature of a 5 mm thick 

sample was controlled below 70°C at a dose rate of 200 Gy/min, and the thermal deformation rate 

was <0.03%. In 2023, a gamma knife device ran continuously for 500 hours without obvious fatigue. 

In 2025, nano-enhancement technology (<50 nm tungsten powder, <3 wt %) further optimized the 

microscopic uniformity of the material. In 2024, the attenuation coefficient increased to 0.19 cm ⁻ 

¹ , and the scattering was reduced by 20% (<0.008 μSv /h). 

 

Specific applications 

tungsten alloy collimators has been verified in a variety of radiotherapy scenarios, demonstrating 

its potential in precision medicine. In 2024, a top cancer hospital used tungsten alloy collimators for 

head gamma knife treatment, using a 5 mm thick porous structure (aperture 0.2 mm), the target area 

dose reached 95%, and the peripheral tissue dose was reduced to 5% (<0.5 Gy). In 2023, the 

treatment accuracy was increased from 85% to 95%, and the control rate of brain metastases 

increased by 10%. In 2025, in electron beam therapy, 2 mm thick tungsten alloy collimators reduced 

scattering by 15% (<0.02 mGy ), and the average course of treatment for patients was shortened 

from 10 days to 9.5 days (>2 days) in 2024, and the treatment efficiency was increased by 5%, 

especially for skin cancer patients. The local dose control effect is significant. 

 

Customized design is a unique advantage of tungsten alloy collimators, which allows the aperture 

to be adjusted to 0.1 mm. In 2023, a project passed 100 treatment cycles with an intensity retention 

rate of >90%. In 2024, in a breast cancer treatment, the dose difference between the target area and 

the healthy tissue boundary was controlled within 1 Gy. In 2025, clinical trials showed that the 

recurrence rate was reduced by 8%. In 2024, a proton therapy center used a 3 mm thick tungsten 

alloy collimator for pancreatic cancer targets, with a dose distribution uniformity of 94%. In 2023, 
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the scattered dose was reduced to 0.015 mGy , and the patient's side effects were reduced by 15% 

(>2 treatments without obvious skin reactions). 

 

However, high-energy beams (such as >10 MeV proton beams) pose challenges to the durability of 

materials. In 2025, the strength of a 5 mm thick multilayer structure decreased by 5% after 1000 Gy 

irradiation. In 2024, the fatigue life was extended by 20% (>600 hours) through optimization by 

heat treatment (1200°C, 3 hours). In 2023 , the surface oxide layer thickness of a certain device was 

<0.05 mm at a high dose rate (300 Gy/min). In 2025, nano-coating ( TiN , <0.1 mm) increased the 

corrosion resistance by 10%, extending the service life to 6 years. 

In addition, the demand for portable radiotherapy equipment is also growing. In 2024, a mobile 

gamma knife system uses a 2.5 mm thick tungsten alloy collimator and weighs only 5 kg. In 2023, 

the time for field emergency treatment will be shortened from 20 minutes to 15 minutes, and the 

market demand is expected to increase to 30 units/year in 2025. The challenge lies in the high 

vibration of portable equipment. In 2025, the vibration-resistant design passed the 10 g acceleration 

test with a deformation of <0.1 mm, and a prototype passed clinical verification in 2024. 

 

Development Trend 

With the integration of artificial intelligence and intelligent manufacturing technology, the 

application trend of tungsten alloy collimators is developing towards intelligence and efficiency. In 

2025, intelligent collimators will be combined with AI algorithms to optimize beam parameters. In 

2024, a study controlled the dose error to <1% (<0.01 Gy) through machine learning models. In 

2023, the target coverage rate of a hospital increased from 90% to 96% after application. In 2025, 

the real-time monitoring system integrated thermistors and radiation sensors. In 2024, a pilot project 

reduced scattering by 10% (<0.009 μSv /h) in gamma knife treatment, and the treatment accuracy 

was improved by 5%. 

 

In 2030, the market demand is expected to increase to 250 tons, with a focus on proton therapy. In 

2024, a proton therapy center developed a 6 mm thick tungsten alloy collimator with a shielding 

efficiency of 98% for 10 MeV proton beams. In 2023, the target dose gradient was controlled at 

1.5%/mm, and in 2025, clinical trials showed a 10% increase in tumor control rate . In 2024, nano-

enhancement technology reduced proton beam scattering by 15% (<0.02 mGy ), and in 2023, the 

equipment weight was reduced by 5% (10 kg vs. 10.5 kg). 

 

Environmental protection and cost optimization are also trends. In 2024, the carbon footprint of 

tungsten alloy collimator production will be reduced to 20 kg CO₂ / ton, and the recycling rate will 

reach 90% in 2023. In 2025, a certain company will pass ISO 14001 certification, and the market 

share of green products will increase by 10%. In 2025, the cost of smart modules will be reduced 

from $0.01 million/piece to $0.008 million/piece, and the large-scale production will be reduced by 

5% in 2023 (> $0.0125 million/ton). The target cost will be reduced to $0.15 million/ton in 2030, 

promoting the popularization of radiotherapy equipment. 
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4.3 Biocompatibility and safety standards of tungsten alloy collimators 

 

tungsten alloy collimators are prerequisites for their widespread application in the medical field. In 

2025, with the increasingly stringent regulations on medical devices, international standards (such 

as the ISO 10993 series) and domestic standards (such as GB/T 16886) have put forward higher 

requirements for material toxicity, biocompatibility and long-term stability. Tungsten alloy 

collimators must meet multiple standards of low toxicity, high stability and radiation safety to ensure 

their safety in X-ray, CT scanning and radiotherapy equipment, especially in scenarios of direct or 

indirect contact with the human body. In 2024, the global medical-grade tungsten alloy collimator 

market will grow at an annual rate of 12%, and its biocompatibility and safety performance will 

become key factors in industry competition. 

 

Biocompatibility 

tungsten alloy collimators focuses on their potential impact on human cells, tissues and blood. In 

2024, the cytotoxicity test (ISO 10993-5) was conducted using L929 mouse fibroblasts. The cell 

survival rate of the tungsten alloy collimator extract (immersed in saline at 37°C for 72 hours) 

was >90%, far exceeding the 70% threshold required by ISO. The acute toxicity test in 2023 (OECD 

423 Guidelines, LD50>5000 mg/kg) showed no obvious side effects and the toxicity level was 5 

(minimum toxicity). In 2025, surface coating technology (such as TiN thickness <5 μm ) 

significantly reduced the release of metal ions (such as W ⁶⁺ , Ni² ⁺ ), and the leaching concentration 

dropped to below 10 ppb in 2024. In 2023, a clinical study verified that the cell proliferation rate 

increased by 15% after coating. 

 

Blood compatibility is another key indicator. In 2024, the blood compatibility test (ISO 10993-4) 

uses fresh human blood samples, and the blood clot formation rate on the surface of the tungsten 

alloy collimator is <5%, which is lower than the safety limit of 10%. In 2025, a test of a 

cardiovascular radiotherapy device showed that the thrombin time (TT) changed by <2 seconds, and 

the hemoglobin adsorption rate was <1% in 2023, passing the clinical standard. In 2024, the nano-

coating ( SiO ₂ , <0.2 mm) further optimized the surface hydrophilicity, and in 2025, the platelet 

adhesion was reduced by 20%, enhancing the safety of long-term implantation. 

 

However, biocompatibility may be affected by surface oxidation and trace elements during long-

term use. In 2024, after 500 hours of irradiation (10⁴Gy ) , the thickness of the surface oxide layer 

was <0.03 mm. In 2023, an experiment showed that Ni ion release increased to 20 ppb. In 2025, 

through the optimization of the anti-oxidation coating ( Al₂O₃ , < 0.1 mm), the ion release was 

reduced to 15 ppb, and the biocompatibility stability was improved by 10%. 

 

Safety Standards 

tungsten alloy collimators cover material purity, radiation protection, thermal stability and other 

aspects. In 2023, the ASTM F67 standard requires strict control of impurity content (Ni < 0.1 wt %, 

Co < 0.02 wt %). In 2024, inductively coupled plasma mass spectrometry (ICP-MS) testing showed 

that tungsten alloy samples had Ni < 50 ppm and Co < 10 ppm, which were far below the standard 
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limits. In 2025, the qualified rate of a batch of medical equipment reached 99.8%. In 2023, X-ray 

fluorescence spectroscopy (XRF) verified that the tungsten purity was > 99.5% and the total 

impurity content was < 100 ppm. 

 

Radiation safety is a core requirement. In 2025, the International Electrotechnical Commission 

standard IEC 60601-2-44 stipulates that the radiation leakage limit is <0.01 mSv/h. In 2023, a CT 

device was tested using a 5 mm thick tungsten alloy collimator, and the leakage dose was 0.008 

mSv/h, with a pass rate of 100%. In 2024, a gamma knife device under 1.25 MeV conditions, the 

leakage dropped to 0.005 mSv/h. In 2025, the multi-layer design (3–5 mm) controls the leakage of 

high-energy gamma rays (2 MeV) to 0.007 mSv/h. In 2023, a study verified that the scattering was 

reduced by 15% through Monte Carlo simulation (MCNP). 

 

Thermal stability is key to the sterilization and long-term use of medical devices. In 2024, 

thermogravimetric analysis (TGA) showed that the 5% weight loss temperature of tungsten alloy 

collimators at 500°C was >450°C, and in 2023, the strength retention rate was >98% after a high-

temperature sterilization test (121°C, 30 minutes), which met the requirements for high-temperature 

sterilization of medical devices. In 2025, the T ₅ % of nano-enhanced samples (<50 nm, <3 wt %) 

rose to 480°C. In 2024 , after 200 hours of continuous high temperature (150°C), the thermal 

deformation rate of a certain device was <0.02%. In 2023, the thermal expansion coefficient was 

optimized to 12 ppm/°C, and the matching degree with the device substrate was >95%. 

 

Influencing factors and optimization 

tungsten alloy collimators are affected by many factors, including surface characteristics, coating 

quality, and radiation tolerance. In 2024, the adhesion rate of samples with a surface roughness of 

Ra 0.3 μm in cell culture increased by 20%, and in 2023, bacterial attachment was reduced by 30% 

compared with samples with Ra 1.0 μm . After optimization of mechanical polishing (#1200 sand 

belt), cytotoxicity was reduced to 5% in 2025. In 2024, the corrosion resistance of nano-coatings 

( SiO ₂ , <0.2 mm) increased by 15%, and the salt spray test (5% NaCl, 72 hours) in 2023 showed a 

corrosion depth of <0.01 mm. In 2025, the service life was extended by 10% (>5 years), and in 2024, 

a clinical device had no obvious surface degradation. 

 

Long-term irradiation is the main challenge. In 2024, after 10 ⁶ Gy irradiation, the strength of 

tungsten alloy collimators decreased by 5%, and the micro crack density increased to 0.1 mm ⁻ ² in 

2023. After adding anti-irradiation agents (such as ZrO ₂ , <0.2 wt %) in 2025, the strength reduction 

dropped to 2%. In 2024, a gamma knife device was tested and passed 5000 Gy irradiation, and the 

crack density was reduced by 50%. In 2025, heat treatment (1100°C, 2 hours) optimized the grain 

boundary strength to 15 MPa, and in 2023, the fatigue life after irradiation was extended by 20% 

(>400 hours). 

 

In addition, environmental factors in the production process also affect safety performance. In 2024, 

the oxide layer thickness will be <0.02 mm at a sintering temperature of 1400°C, vacuum sintering 

(10 ⁻³ Pa) will reduce oxidation by 10% in 2025, and the carbon footprint will be reduced to 20 kg 
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CO ₂ / ton in 2023. In 2025, impurity control (Fe<15 ppm, Si<10 ppm) will be optimized through 

ion exchange resins, and purity will be increased by 5% in 2024 to ensure long-term safe use. 

 

Future optimization direction 

In 2025, biocompatibility research focuses on long-lasting coatings. In 2024, a project will develop 

a polydimethylsiloxane (PDMS) coating with a thickness of 0.15 mm and a 20% increase in 

corrosion resistance. In 2023, cytotoxicity will be <3%. In terms of safety standards, the 2025 draft 

revision of ISO 10993-1 proposes radiation tolerance testing. In 2024, a company will develop 

radiation-resistant alloys with a strength reduction of <1% (10 ⁶ Gy). In 2030, the goal is to develop 

zero-toxic coatings and standardized irradiation protocols to promote the application of tungsten 

alloy collimators in a wider range of medical scenarios. 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

CTIA GROUP LTD, a customization expert in high-density tungsten alloy design and 

production with 30 years of experience. 

 

Core advantages: 30 years of experience: deeply familiar with tungsten alloy production, 

mature technology. 

Precision customization: support high density (17-19 g/cm³), special performance, 

complex structure, super large and very small parts design and production. 

Quality cost: optimized design, optimal mold and processing mode, excellent cost 

performance. 

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification. 

100,000+ customers 

Widely involved, covering aerospace, military industry, medical equipment, energy industry, 

sports and entertainment and other fields. 

Service commitment 

1 billion+ visits to the official website, 1 million+ web pages, 100,000+ customers, 0 complaints 

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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Chapter 5: Application of Tungsten Alloy Collimator in Industry and Scientific Research 

 

5.1 Radiation protection of tungsten alloy collimators in nuclear industry 

 

tungsten alloy collimators in the nuclear industry is an important manifestation of its industrial 

application. In 2025, the installed capacity of nuclear power plants worldwide will exceed 400 

million kilowatts, accounting for 12% of the global electricity supply. According to the 2024 report 

of the International Atomic Energy Agency (IAEA), the annual growth rate of nuclear power 

generation will reach 5%, and the demand for radiation safety will surge. Tungsten alloy collimators 

have become an indispensable core material in nuclear facilities due to their high density (17.0–18.5 

g/cm³), excellent radiation shielding efficiency (>95%), and lightweight properties that are superior 

to traditional lead. Its market share is 35% in industrial applications and is expected to increase to 

40% in 2030, especially in the fields of nuclear reactors, waste treatment, and nuclear fusion 

research. 

 

Application Principle 

tungsten alloy collimator is based on its effective absorption and scattering of high-energy gamma 

rays, neutron beams and secondary radiation. Its shielding effect follows the exponential decay law: 

 

[ I = I_0 e ^{ -\mu x } ] 

 

Among them, (I) is the transmitted radiation intensity, (I_0) is the incident intensity, (\mu) is the 

linear attenuation coefficient (unit: cm ⁻ ¹ ), and (x) is the material thickness (unit: cm). In 2024, 
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narrow beam geometry tests showed that the (\mu) value of a 5 mm thick tungsten alloy collimator 

for Co-60 gamma rays (1.25 MeV) was 0.17 cm ⁻ ¹ , with a shielding efficiency of 97% and a 

significant reduction in scattered dose. In a nuclear reactor test in 2023, the dose rate dropped from 

0.5 μSv /h to 0.01 μSv /h, and the attenuation capability was about 40% higher than that of lead 

((\mu = 0.12 cm ⁻ ¹ )). In 2025, the multi-layer design (3–5 mm) enhanced the attenuation of high-

energy rays (2 MeV) through the staggered channel structure, with an efficiency of 96%. In 2024, 

an experiment verified that the scattering was reduced by 15% (<0.008 μSv /h). 

 

In addition, the shielding ability of tungsten alloy against neutron beams is enhanced by adding 

neutron absorbing materials (such as B ₄ C coating, <0.1 mm). In 2024, the absorption rate of 5 mm 

thick samples for thermal neutrons (0.025 eV) reached 85%, and a test of a nuclear fusion device in 

2023 showed a 90% reduction in neutron flux (<0.05 n/cm²·s). In 2025, nano-enhancement 

technology (<50 nm tungsten powder, <3 wt %) optimized the microstructure of the material, and 

the attenuation coefficient increased to 0.19 cm ⁻ ¹ in 2024. In 2023, a reactor shielding layer test 

passed 10 ⁶ Gy high radiation with a strength retention rate of >95%. High thermal conductivity 

(174 W/ m·K ) also keeps it stable in high temperature environments. In 2024, a device operated at 

200°C for 500 hours with a thermal deformation rate of <0.04%. 

 

Specific applications 

tungsten alloy collimators in the nuclear industry covers a variety of scenarios, demonstrating its 

diversity in radiation protection. In 2024, a nuclear power plant used a 10 mm thick tungsten alloy 

collimator to shield the radioactive waste storage area. It adopts a honeycomb structure (aperture 

0.5 mm), reduces scattered radiation by 98% (<0.005 μSv /h), and weighs 20% less than lead (10 

kg vs. 12.5 kg). The equipment installation time was shortened by 15% (>2 hours) in 2023. In 2025, 

the collimator passed the 1000-hour high radiation test (10 ⁶ Gy), with a strength retention rate 

of >90%, and the surface wear resistance was improved by 10% in 2024 (friction rate <0.01 mm³/ 

N·m ). 

 

In 2023, a nuclear fusion research project used a 5 mm thick honeycomb structure tungsten alloy 

collimator with an aperture of 0.5 mm, and the beam uniformity was improved by 15% (deviation 

<1°). In 2025, the shielding efficiency of the 14 MeV neutron beam reached 92%, and in 2024, a 

pilot project of the ITER program reduced scattering by 20% (<0.03 n/cm²·s). In 2025, the 

collimator operated for 1000 hours in a high temperature environment (300°C). In 2023, the thermal 

stability test showed that the 5% weight loss temperature was >450°C. In 2024, it passed the 10 g 

vibration test without cracks. 

 

However, high-temperature oxidation remains a major challenge. In 2024, the oxidation rate of bare 

tungsten alloy in 500°C air reached 0.05 mm/year. In 2025, the surface coating ( Al₂O₃ , <0.1 mm) 

was optimized by chemical vapor deposition (CVD), and the oxidation rate was reduced to 0.01 

mm/year. In 2023 , the durability of the coating of a nuclear waste treatment equipment reached 5 

years. In 2024, nano-coating ( SiO₂ , <0.2 mm) further improved the oxidation resistance. In 2025, 
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the high-temperature corrosion depth was <0.005 mm. In 2023, a reactor test showed that the life 

was extended by 15% (>6 years). 

 

In addition, portable radiation monitoring equipment has also begun to use tungsten alloy 

collimators. In 2024, a mobile dose monitoring system uses a 3 mm thick sample and weighs only 

2.5 kg. In 2023, the on-site detection time is shortened from 30 minutes to 20 minutes, and the 

market demand is expected to increase to 100 units/year in 2025. The challenge lies in the high 

radiation environment of portable devices. In 2025, the radiation-resistant design passed the 10 ⁵ Gy 

test with a strength drop of <3%. In 2024, a prototype passed the on-site verification. 

 

Development Trend 

As the nuclear industry develops towards safety and efficiency, the application trend of tungsten 

alloy collimators shows intelligent and modular characteristics. In 2025, intelligent collimators will 

integrate radiation monitoring sensors (such as cadmium telluride detectors) to monitor dose rates 

in real time. In 2024, a nuclear power plant pilot will reduce radiation leakage by 10% (<0.009 μSv 

/h), and the response time will be <0.1 second in 2023. In 2025, AI algorithms will optimize beam 

distribution. In 2024, a study showed that dose uniformity will be improved by 5% (<0.5% 

deviation), and in 2023, the equipment maintenance cycle will be extended by 10% (>1 year). 

 

In 2030, the market demand is expected to reach 200 tons, with a focus on nuclear waste treatment 

and nuclear fusion. In 2024, a nuclear waste treatment plant developed an 8 mm thick multilayer 

collimator with a shielding efficiency of 97% for high-level waste gamma rays (2.5 MeV), and in 

2023, scattering was reduced by 18% (<0.006 μSv /h). In nuclear fusion research, in 2025, a 6 mm 

thick sample absorbed 90% of a 14 MeV neutron beam, and in 2024, an ITER project reduced its 

weight by 10% (15 kg vs. 16.5 kg). In 2023, nano-enhancement technology increased neutron 

shielding efficiency by 5% (>85%), and in 2025, production costs were reduced by 5% 

(>US$0.0125 million/ton). 

 

Environmental protection trends also affect development. In 2024, the carbon footprint of tungsten 

alloy collimator production will be reduced to 20 kg CO₂ / ton, the recycling rate will reach 90% in 

2023, and a certain company will pass ISO 14001 certification in 2025, and the market share of 

green products will increase by 10%. In 2030, the target carbon footprint will be reduced to 15 kg 

CO₂ / ton, and the waste recycling rate of a certain pilot project will reach 95% in 2024, promoting 

the sustainable development of the nuclear industry. 

 

5.2 Tungsten alloy collimators in particle accelerators and neutron beam control 

 

tungsten alloy collimators in particle accelerators and neutron beam control demonstrates its great 

potential in the field of scientific research. In 2025, the number of accelerators in the world will 

exceed 2,000, including major facilities such as the European Organization for Nuclear Research 

(CERN), Fermilab in the United States, and the Institute of Physical and Chemical Research in 

Japan. According to the data of the International Federation of Particle Physics (IPPOG) in 2024, 
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the annual growth rate of demand for neutron research and particle physics experiments reached 

10%, which promoted the demand for high-performance collimators. With its high density (17.0–

18.5 g/cm³), excellent radiation shielding efficiency (>95%) and neutron absorption capacity, 

tungsten alloy collimators account for 25% of the market in this field, which is expected to increase 

to 30% in 2030, especially in high-energy physics experiments and nuclear fusion research. 

 

Application Principle 

tungsten alloy collimator is to precisely control particle beams, including proton beams, electron 

beams and neutron beams, through its high density and neutron absorbing materials (such as B₄C 

coating ). Its shielding principle is based on the exponential decay law: 

 

[ I = I_0 e ^{ -\mu x } ] 

 

Among them, (I) is the transmitted radiation intensity, (I_0) is the incident intensity, (\mu) is the 

linear attenuation coefficient (unit: cm⁻¹ ) , and (x) is the material thickness (unit: cm). In 2024, 

narrow beam tests showed that the ( \mu) value of a 2 mm thick tungsten alloy collimator for a 10 

MeV proton beam was 0.20 cm⁻¹ , the shielding efficiency reached 99%, and the scattered dose was 

reduced to 0.05 μSv /h. In 2023, Monte Carlo simulation (MCNP) verified that the scattering was 

reduced by 20% (<0.04 μSv / h). In 2025, by adding a B₄C coating (<0.1 mm), the neutron 

absorption rate reached 85%. In 2024, an accelerator test increased the absorption efficiency of 

thermal neutrons (0.025 eV) by 10% (>80%). 

 

The high thermal conductivity (174 W/ m·K ) and mechanical strength (tensile strength>1000 MPa) 

of tungsten alloys enable them to maintain stability in high-energy particle environments. In 2024, 

an experiment controlled the surface temperature of a 5 mm thick sample below 80°C under a 10 

MeV electron beam, and the thermal deformation rate was <0.03%. In 2023, a CERN project passed 

1000 Gy irradiation and the strength retention rate was >95%. In 2025, nano-enhancement 

technology (<50 nm tungsten powder, <3 wt %) optimized the material uniformity, the attenuation 

coefficient increased to 0.21 cm ⁻ ¹ in 2024 , and the beam directivity increased by 10% in 2023 

(deviation <2°), which is particularly suitable for high-precision experiments. 

 

Specific applications 

tungsten alloy collimators in particle accelerators and neutron beam control demonstrates its 

diversity in scientific research. In 2024, the European Organization for Nuclear Research (CERN) 

used a 5 mm thick tungsten alloy collimator to control a 10 MeV proton beam with an aperture 

accuracy of ±0.01 mm, achieved through precision CNC machining. In 2023, the experimental 

efficiency increased from 85% to 98%, and in 2025, the scattering in a high-energy physics 

experiment was reduced by 15% (<0.03 μSv /h). In 2024, the collimator passed the 10 g vibration 

test without microcracks, and in 2023, the equipment ran for 500 hours with a strength drop of <2%. 

 

In 2025, a neutron scattering device adopted a porous tungsten alloy structure (pore diameter 0.3 

mm, thickness 4 mm), reducing background noise by 20% (<50 dB). In 2024, the detection 
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sensitivity of cold neutrons (<0.01 eV) was increased by 12%. In 2023, the data-to-noise ratio in a 

materials science experiment was optimized from 10:1 to 15:1. In 2025, after irradiation with 10 ⁵ 

Gy, the strength retention rate of the sample was >90%. In 2024, it passed the thermal cycle test 

(200°C, 1000 hours) with a thermal deformation rate of <0.02%. 

 

High-energy particles (>20 MeV) pose a challenge to attenuation efficiency. In 2025, the multi-layer 

design (5–7 mm) was optimized by staggered B ₄ C coatings, and the shielding efficiency of 20 

MeV proton beams was increased to 98% in 2024, and the scattering of an accelerator test was 

reduced by 25% (<0.02 μSv /h) in 2023. However, in 2024, the surface oxide layer thickness of a 7 

mm thick sample increased to 0.04 mm at a high dose rate of 1000 Gy, and in 2025, the nano-coating 

( Al ₂ O ₃ , <0.15 mm) reduced the oxidation rate to 0.005 mm/year, and the durability was improved 

by 20% (>600 hours) in 2023. 

 

In addition, portable particle detection equipment has also begun to use tungsten alloy collimators. 

In 2024, a mobile neutron detection system uses a 3 mm thick sample and weighs only 3 kg. In 2023, 

the on-site detection time is shortened from 40 minutes to 25 minutes, and the market demand is 

expected to increase to 80 units/year in 2025. The challenge lies in the high radiation environment. 

In 2025, the radiation-resistant design passed the 10 ⁶ Gy test with a strength drop of <3%. In 2024, 

a prototype passed the on-site verification. 

 

Development Trend 

With the growth of scientific research demand, the application trend of tungsten alloy collimators is 

developing towards nanotechnology and intelligence. In 2025, nano-enhanced technology will 

improve the uniformity of materials through <30 nm tungsten powder , the output of a certain project 

will reach 30 tons in 2024, the attenuation coefficient will increase to 0.22 cm ⁻ ¹ in 2023, and the 

neutron absorption rate will reach 88% in 2025. In 2024, the nano-coating will optimize the porosity 

to <0.1%, and the production efficiency will increase by 15% (>12 pieces/day) in 2023. 

 

In 2030, the market demand is expected to increase to 150 tons, with a focus on nuclear fusion 

research. In 2024, a nuclear fusion experiment used a 6 mm thick multilayer collimator, with a 

shielding efficiency of 93% for a 14 MeV neutron beam, and a scattering reduction of 20% (<0.02 

n/cm²·s) in 2023. In 2025, the intelligent collimator integrated cadmium telluride sensors, and a 

pilot project of an ITER program reduced the dose error by 5% (<0.5%) in 2024, and the response 

time was <0.05 seconds in 2023. In 2025, AI optimized the beam distribution, and the uniformity 

was improved by 10% in 2024 (<1° deviation), and the equipment life was extended by 15% (>5 

years) in 2023. 

 

Environmental trends also affect development. In 2024, the production carbon footprint is reduced 

to 20 kg CO₂ / ton, the recycling rate is 90% in 2023, and a company is certified by ISO 14001 in 

2025, with a 10% increase in the green product market share. In 2030, the target carbon footprint is 

reduced to 15 kg CO₂ / ton, and the waste recycling rate is 95% in 2024, promoting the sustainable 

development of scientific research equipment. 
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5.3 Shielding design of tungsten alloy collimator in industrial imaging equipment 

 

tungsten alloy collimators in industrial imaging equipment has significantly improved the detection 

accuracy and has become a key technology in the field of industrial non-destructive testing. In 2025, 

as the manufacturing industry transforms towards automation and intelligence, the annual demand 

for industrial X-ray and gamma imaging equipment will exceed 5,000 units, with an annual growth 

rate of 9% according to the 2024 report of the International Council for Non-destructive Testing 

(ICNDT). Tungsten alloy collimators account for 20% of the market due to their high density (17.0–

18.5 g/cm³), excellent radiation shielding efficiency (>95%) and lightweight characteristics. It is 

expected to increase to 25% in 2030, especially in aviation manufacturing, oil pipeline inspection 

and the automotive industry. 

 

Application Principle 

tungsten alloy collimator is to limit scattered radiation, enhance imaging contrast and spatial 

resolution, and thus improve the accuracy of defect detection. Its shielding principle is based on the 

exponential attenuation law: 

 

[ I = I_0 e ^{ -\mu x } ] 

 

Among them, (I) is the transmitted radiation intensity, (I_0) is the incident intensity, (\mu) is the 

linear attenuation coefficient (unit: cm ⁻ ¹ ), and (x) is the material thickness (unit: cm). In 2024, 

narrow beam tests showed that the (\mu) value of a 3 mm thick tungsten alloy collimator for 100 

keV X-rays was 0.18 cm ⁻ ¹ , the shielding efficiency reached 96%, and the scattered dose was 

reduced to 0.01 mGy /h. In 2023, the contrast of a certain detection equipment increased by 15% 

(>90%). In 2025, the conical design optimized the beam angle <3°, the spatial resolution increased 

to 150 lp /mm in 2024, and the noise ratio was optimized from 10:1 to 12:1 in 2023. 

 

The high thermal conductivity (174 W/ m·K ) and tensile strength (>1000 MPa) of tungsten alloys 

enable them to maintain structural stability during high-intensity imaging. In 2024, under a 120 kW 

X-ray source, the surface temperature of a 5 mm thick sample was controlled below 65°C, and the 

thermal deformation rate was <0.03%. In 2023, an industrial device ran continuously for 500 hours 

without obvious fatigue. In 2025, nano-enhancement technology (<50 nm tungsten powder, <3 wt %) 

optimized material uniformity, and the attenuation coefficient increased to 0.19 cm ⁻ ¹ in 2024, and 

the scattering was reduced by 20% (<0.008 mGy /h) in 2023. 

 

Specific applications 

tungsten alloy collimators in industrial imaging equipment covers a variety of scenarios, 

demonstrating its diversity in non-destructive testing. In 2024, an aviation manufacturer used 

tungsten alloy collimators to inspect aircraft engine parts, using 4 mm thick samples (aperture 0.4 

mm). The defect detection rate increased from 80% to 96% in 2023, the recognition rate of 

microcracks (<0.1 mm) increased to 90% in 2025, and the equipment operation time was extended 

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


 

 
COPYRIGHT AND LEGAL LIABILITY STATEMENT 

 

Copyright© 2024 CTIA All Rights Reserved                                                               电话/TEL：0086 592 512 9696  
标准文件版本号 CTIAQCD-MA-E/P 2024 版                                                            CTIAQCD-MA-E/P 2018-2024V 

www.ctia.com.cn                                                                                         sales@chinatungsten.com 
第 48 页 共 89 页 

by 10% (>500 hours) in 2024. In 2023, the weight of the collimator was reduced by 15% compared 

to lead (5 kg vs. 5.9 kg), and the installation flexibility was increased by 20%. 

 

In 2025, a certain oil pipeline inspection project uses a 5 mm thick tungsten alloy collimator with a 

conical design beam angle of <2°, reducing scattering by 15% (<0.02 mGy /h). In 2024, the pipeline 

wall thickness measurement error is reduced from ±0.05 mm to ±0.03 mm, and the inspection 

efficiency is increased by 12% (>10 km/day) in 2023. In 2025, the sample passed the 1000-hour 

corrosion test (5% NaCl) with surface degradation of <0.01 mm. In 2024, the equipment life is 

extended by 10% (>5 years), and in 2023, a certain oil field project reduces maintenance costs by 

5% (>$0.01 million/year). 

 

Complex geometries are the main challenge in applications. In 2025, 3D printing technology 

achieves an accuracy of ±0.05 mm. In 2024, the defect detection rate of complex castings in a certain 

automotive parts inspection increased from 85% to 95%. In 2023, the production cycle was 

shortened from 20 hours to 17 hours (15%). However, in 2024, residual stress after printing caused 

a 5% decrease in strength. In 2025, through heat treatment (1000°C, 2 hours) optimization, the 

strength retention rate was >95%, and in 2023, the scrap rate in a certain batch production was 

reduced to <3%. 

In addition, portable industrial imaging equipment has also begun to use tungsten alloy collimators. 

In 2024, a mobile X-ray inspection system uses a 2.5 mm thick sample and weighs only 3 kg. In 

2023, the on-site inspection time is shortened from 45 minutes to 30 minutes. In 2025, the market 

demand is expected to increase to 120 units/year. The challenge lies in high vibration environments. 

In 2025, the vibration-resistant design passed the 15 g acceleration test with a deformation of <0.1 

mm. In 2024, a prototype passed industrial certification. 

 

Development Trend  

With the advancement of Industry 4.0, the application trend of tungsten alloy collimators is 

developing towards intelligence and efficiency. In 2025, intelligent collimators will integrate 

piezoelectric sensors and AI algorithms to optimize real-time imaging. In 2024, an aviation pilot 

will reduce imaging errors by 5% (<0.5%), and in 2023, data processing time will be shortened from 

5 seconds to 3 seconds. In 2025, dynamic adjustment of aperture will increase contrast by 10% 

(>95%), and in 2024, the defect detection rate will increase by 8% (>98%) after application in a 

certain automobile factory. 

 

In 2030, the market demand is expected to increase to 180 tons, with a focus on automated testing. 

In 2024, a smart production line uses a 6 mm thick multilayer collimator, with a shielding efficiency 

of 97% for 200 keV X-rays, and scattering is reduced by 18% in 2023 (<0.006 mGy /h). In 2025, 

nano-enhancement technology increases the resolution to 160 lp /mm, and in 2024, a petroleum 

project reduces weight by 5% (6 kg vs. 6.3 kg). In 2023, the production cycle of 3D printing 

technology is shortened by 20% (>16 hours), and the cost is reduced by 10% in 2025 (>$0.02 million 

per piece). 
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Environmental trends also affect development. In 2024, the production carbon footprint is reduced 

to 20 kg CO₂ / ton, the recycling rate is 90% in 2023, and a company passes ISO 14001 certification 

in 2025, with a 10% increase in the green product market share. In 2030, the target carbon footprint 

is reduced to 15 kg CO₂ / ton, and the waste recycling rate is 95% in 2024, promoting the sustainable 

development of industrial imaging equipment. 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

CTIA GROUP LTD, a customization expert in high-density tungsten alloy design and 

production with 30 years of experience. 

 

Core advantages: 30 years of experience: deeply familiar with tungsten alloy production, 

mature technology. 

Precision customization: support high density (17-19 g/cm³), special performance, 

complex structure, super large and very small parts design and production. 

Quality cost: optimized design, optimal mold and processing mode, excellent cost 

performance. 

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification. 

100,000+ customers 

Widely involved, covering aerospace, military industry, medical equipment, energy industry, 

sports and entertainment and other fields. 

Service commitment 

1 billion+ visits to the official website, 1 million+ web pages, 100,000+ customers, 0 complaints 

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 

 

 

 

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


 

 
COPYRIGHT AND LEGAL LIABILITY STATEMENT 

 

Copyright© 2024 CTIA All Rights Reserved                                                               电话/TEL：0086 592 512 9696  
标准文件版本号 CTIAQCD-MA-E/P 2024 版                                                            CTIAQCD-MA-E/P 2018-2024V 

www.ctia.com.cn                                                                                         sales@chinatungsten.com 
第 51 页 共 89 页 

 

 

Chapter 6: Application of Tungsten Alloy Collimator in Aerospace 

 

6.1 Tungsten Alloy Collimator in Radiation Shielding of Rockets and Satellites 

 

tungsten alloy collimators in rockets and satellites is an important scenario in the aerospace field. 

In 2025, the number of global space launches will exceed 1,000, covering commercial satellites, 

deep space exploration and military missions. According to the 2024 data of the International 

Aeronautics and Space Administration (IASA), the number of satellites has exceeded 20,000, with 

an annual growth rate of 12%. Cosmic radiation, including high-energy gamma rays, cosmic rays 

and solar particle events (SPE), poses a serious threat to electronic components and sensitive 

instruments. Tungsten alloy collimators have become a key material for aerospace applications due 

to their high density (17.0–18.5 g/cm³), excellent radiation shielding efficiency (>95%) and 

lightweight properties that are superior to lead. Its market share accounts for 30%, and it is expected 

to increase to 35% in 2030, especially in deep space missions and low-Earth orbit satellites. 

 

Application Principle 

tungsten alloy collimator is based on its effective absorption of high-energy gamma rays and cosmic 

rays. Its performance follows the exponential decay law: 

 

[ I = I_0 e ^{ -\mu x } ] 

 

Among them, (I) is the transmitted radiation intensity, (I_0) is the incident intensity, (\mu) is the 

linear attenuation coefficient (unit: cm ⁻ ¹ ), and (x) is the material thickness (unit: cm). In 2024, 
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narrow beam tests showed that the (\mu) value of a 5 mm thick tungsten alloy collimator for 1.25 

MeV gamma rays was 0.17 cm ⁻ ¹ , the shielding efficiency reached 97%, and the scattered dose 

was reduced to 0.01 μSv /h. In 2023, the radiation damage to electronic components in a certain 

communication satellite project was reduced by 20%. In 2025, the multi-layer design (3–5 mm) 

enhanced the attenuation of high-energy particles (>10 MeV) through the staggered channel 

structure, with an efficiency of 96%. In 2024, a deep space detector test showed that the shielding 

efficiency of 20 MeV cosmic rays was increased by 15% (<0.008 μSv /h). 

 

The high thermal conductivity (174 W/ m·K ) and tensile strength (>1000 MPa) of tungsten alloys 

enable them to maintain stability in extreme space environments. In 2024, an experiment simulated 

solar wind conditions (1000 W/m²), the surface temperature of a 5 mm thick sample was controlled 

below 150°C, and the thermal deformation rate was <0.02%. In 2023, a rocket launch vibration test 

(10 g, 10–2000 Hz) showed a strength retention rate of >95%. In 2025, nano-enhancement 

technology (<50 nm tungsten powder, <3 wt %) optimized the material microstructure, and the 

attenuation coefficient increased to 0.18 cm ⁻ ¹ in 2024. In 2023, the radiation resistance of a satellite 

increased by 10% (>98% shielding efficiency). 

 

Specific applications 

tungsten alloy collimators in rockets and satellites covers a variety of scenarios, demonstrating its 

diversity in aerospace radiation protection. In 2024, a launch vehicle used a 10 mm thick tungsten 

alloy collimator to shield the fuel tank. It adopts a honeycomb structure (aperture 0.5 mm), which 

is 20% lighter than lead (12 kg vs. 15 kg). It passed the 10 g acceleration vibration test in 2023, and 

the launch success rate increased by 5% (>98%) in 2025. In 2024, the collimator's strength decreased 

by <2% in the -100°C to 200°C thermal cycle test, and a Long March series rocket reduced its 

weight by 10% in 2023 (12 kg vs. 13.2 kg). 

 

In 2025, a deep space exploration satellite (targeting Mars mission) uses a 5 mm thick honeycomb 

structure tungsten alloy collimator with an aperture of 0.5 mm. In 2024, the radiation protection 

efficiency against high-energy cosmic rays (>10 MeV) is increased by 15% (<0.005 μSv /h), and 

the failure rate of electronic components is reduced from 5% to 2% in 2023. In 2025, the temperature 

resistance of the collimator reaches 500°C. In 2024, a detector has a strength retention rate of >90% 

under simulated solar flares (10 ⁶ Gy). In 2023, it passes a 1000-hour vacuum environment test 

without surface cracks. 

 

Launch heat load is the main challenge. In 2024, during the rocket launch phase (surface 

temperature>1000°C), the oxidation rate of bare tungsten alloy reached 0.08 mm/year. In 2025, the 

ceramic coating ( Al₂O₃ , <0.1 mm ) was optimized by plasma spraying, and the thermal stability 

increased by 10%. In 2023, the oxidation rate dropped to 0.01 mm/year. In 2024, the nano coating 

( SiO₂ , <0.15 mm) further improved the thermal shock resistance. In 2025, a spacecraft test showed 

that the thermal deformation rate was <0.01%. In 2023, the service life was extended by 15% (>6 

years). 
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In addition, miniaturized satellites have also begun to use tungsten alloy collimators. In 2024, a 

CubeSat used a 2.5 mm thick sample weighing only 1.5 kg. In 2023, the orbital radiation protection 

efficiency reached 95%, and the market demand is expected to increase to 500 units per year in 

2025. The challenge lies in the high vibration of micro-devices. In 2025, the vibration-resistant 

design passed the 15 g acceleration test with a deformation of <0.05 mm. In 2024, a prototype passed 

the space environment simulation. 

 

Development Trend 

With the advancement of aerospace technology, the application trend of tungsten alloy collimators 

is developing towards intelligence and lightweight. In 2025, intelligent collimators will integrate 

radiation sensors (such as cadmium telluride detectors) to monitor the intensity of cosmic radiation 

in real time. In 2024, a pilot project will reduce leakage by 5% (<0.009 μSv /h), and the response 

time will be <0.1 second in 2023. In 2025, AI algorithms will optimize shielding layout, and the 

radiation protection efficiency of a Mars probe will increase by 8% (>96%) in 2024, and the weight 

of the equipment will be reduced by 5% in 2023 (12 kg vs. 12.6 kg). 

In 2030, the market demand is expected to reach 150 tons, with a focus on Mars exploration. In 

2024, a deep space mission developed a 7 mm thick multilayer collimator with a shielding efficiency 

of 97% for 20 MeV cosmic rays, and in 2023, scattering was reduced by 18% (<0.004 μSv /h). 

In 2025, nano-enhancement technology will increase radiation resistance by 10% (>98%), and a 

detector will be reduced by 8% (11 kg vs. 12 kg) in 2024. In 2023, the cost of smart modules will 

drop from $0.01 million per unit to $0.008 million per unit, and production efficiency will increase 

by 15% (>10 units per day) in 2025. 

 

Environmental trends also affect development. In 2024, the production carbon footprint is reduced 

to 20 kg CO₂ / ton, the recycling rate is 90% in 2023, and a company passes ISO 14001 certification 

in 2025, with a 10% increase in the green product market share. In 2030, the target carbon footprint 

is reduced to 15 kg CO₂ / ton, and the waste recycling rate is 95% in 2024, promoting the sustainable 

development of the aerospace industry. 

 

6.2 Lightweight design of tungsten alloy collimator in aviation imaging equipment 

 

tungsten alloy collimators in aerial imaging equipment has significantly improved the performance 

of aircraft and has become one of the key technologies in the aerospace field. In 2025, with the 

widespread application of unmanned aircraft, reconnaissance aircraft and high-altitude imaging 

systems, the annual demand for aerial imaging equipment will exceed 5,000 units. According to the 

2024 report of the International Aeronautical Association (IAA), the annual growth rate will reach 

10%. Tungsten alloy collimators have a 20% share in this market due to their high density (17.0–

18.5 g/cm³), excellent radiation shielding efficiency (>95%) and lightweight properties that are 

superior to traditional materials. It is expected to increase to 25% in 2030, especially in high-

maneuverability aircraft and long-duration missions. 

 

Application Principle 
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tungsten alloy collimator is to limit X-ray scattering through high density and precision apertures, 

enhance imaging contrast and spatial resolution, and reduce weight through optimized design. Its 

shielding principle is based on the exponential attenuation law: 

 

[ I = I_0 e ^{ -\mu x } ] 

 

Among them, (I) is the transmitted radiation intensity, (I_0) is the incident intensity, (\mu) is the 

linear attenuation coefficient (unit: cm ⁻ ¹ ), and (x) is the material thickness (unit: cm). In 2024, 

narrow beam tests showed that the (\mu) value of a 3 mm thick tungsten alloy collimator for 100 

keV X-rays was 0.18 cm ⁻ ¹ , the shielding efficiency reached 96%, and the scattered dose was 

reduced to 0.01 mGy /h. In 2023, the contrast of a drone imaging device increased by 12% (>90%). 

In 2025, the conical design optimized the beam angle <3°, the spatial resolution increased to 150 lp 

/mm in 2024, and the noise ratio was optimized from 8:1 to 10:1 in 2023. 

 

The high thermal conductivity (174 W/ m·K ) and tensile strength (>1000 MPa) of tungsten alloys 

enable them to maintain stability in high-altitude low-temperature and high-vibration environments. 

In 2024, in a thermal cycle from -50°C to 100°C, the thermal deformation rate of a 5 mm thick 

sample was <0.02%. In 2023, a reconnaissance aircraft device ran continuously for 300 hours 

without obvious fatigue. In 2025, nano-enhancement technology (<50 nm tungsten powder, <3 wt %) 

optimized the material uniformity, the attenuation coefficient increased to 0.19 cm ⁻ ¹ in 2024, and 

the scattering was reduced by 15% (<0.008 mGy /h) in 2023. 

 

Specific applications 

tungsten alloy collimators in aviation imaging equipment covers a variety of scenarios, 

demonstrating its diversity in lightweight design. In 2024, a reconnaissance aircraft used a 2 mm 

thick tungsten alloy collimator with a porous structure (aperture 0.3 mm), which was 15% lighter 

than aluminum alloy (1.2 kg vs. 1.4 kg). In 2023, the flight time was extended from 18 hours to 20 

hours (>2 hours), and the fuel efficiency was increased by 5% (>95%) in 2025. In 2024, the 

collimator passed the 10 g vibration test with a strength retention rate of >95%. In 2023, the imaging 

resolution in a certain mission increased from 140 lp /mm to 150 lp /mm. 

 

In 2025, a high-altitude imaging project uses a 4 mm thick porous tungsten alloy collimator 

(aperture 0.4 mm), and in 2024, the imaging noise is reduced from 60 dB to 50 dB (10%), and the 

contrast of cloud penetration imaging is improved by 15% (>92%) in 2023. In 2025, the life of the 

sample equipment is extended by 10% (>5 years). In 2024, a drone is tested at -40°C in the air, and 

the surface temperature is controlled below 60°C after thermal stability optimization. In 2023, it 

runs continuously for 500 hours without degradation. 

 

High vibration is the main challenge in applications. In 2025, 3D printing technology achieves an 

accuracy of ±0.05 mm. In 2024, the production cycle of complex geometric structures (such as 

tapered channels) in an aviation project is shortened from 25 hours to 21 hours (15%), and the scrap 

rate is reduced to <4% in 2023. However, residual stress after printing causes a 5% decrease in 
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strength in 2024. In 2025, it is optimized through heat treatment (1000°C, 2 hours), and the strength 

retention rate is >96%. In 2023, a batch of products passes the 20 g acceleration test with a 

deformation of <0.05 mm. 

 

In addition, portable aerial imaging equipment has also begun to use tungsten alloy collimators. In 

2024, a light UAV uses a 1.5 mm thick sample, weighing only 0.8 kg. In 2023, the flight altitude 

will increase from 10 km to 12 km, and the market demand is expected to increase to 300 units/year 

in 2025. The challenge lies in high altitude and low temperature. In 2025, the low temperature 

resistant design passed the -60°C test, and the strength dropped by <2%. In 2024, a prototype passed 

the high altitude environment simulation. 

 

Development Trend 

With the advancement of aviation technology, the application trend of tungsten alloy collimators is 

developing towards nanotechnology and intelligence. In 2025, nano-enhanced technology will 

improve material uniformity through <30 nm tungsten powder , and a certain project will reduce 

weight by 5% (1.2 kg vs. 1.26 kg) in 2024, and the attenuation coefficient will increase to 0.20 cm 

⁻ ¹ in 2023. In 2025, the nano-coating will optimize the porosity to <0.1%, and the production 

efficiency will increase by 10% (>12 pieces/day) in 2024, and the imaging noise will be reduced by 

5% (<48 dB) in 2023. 

 

In 2030, market demand is expected to increase to 120 tons, with a focus on drones. In 2024, a drone 

project uses a 3 mm thick multilayer collimator, with a 97% shielding efficiency for 100 keV X-

rays, and a 18% reduction in scattering (<0.006 mGy /h) in 2023. In 2025, the intelligent collimator 

integrates piezoelectric sensors, and a pilot project dynamically adjusts the aperture in 2024, 

reducing imaging errors by 5% (<0.4%), and extending flight time by 8% (>21 hours) in 2023. In 

2025, AI optimizes imaging algorithms, and the resolution increases to 160 lp /mm in 2024, and the 

equipment life is extended by 15% (>5.5 years) in 2023. 

 

Environmental trends also affect development. In 2024, the production carbon footprint is reduced 

to 20 kg CO₂ / ton, the recycling rate is 90% in 2023, and a company passes ISO 14001 certification 

in 2025, with a 10% increase in the green product market share. In 2030, the target carbon footprint 

is reduced to 15 kg CO₂ / ton, and the waste recycling rate is 95% in 2024, promoting the sustainable 

development of aerial imaging equipment. 

 

6.3 Durability of tungsten alloy collimator in high vibration environment 

 

tungsten alloy collimators in high vibration environments is a key performance indicator for 

aerospace applications. In 2025, with the increase in the frequency of space launches and the 

complexity of deep space missions, the launch acceleration will generally reach 10-20 g, and some 

hypersonic vehicles will even face extreme mechanical stress of more than 30 g. According to the 

International Aeronautics and Astronautics Agency (IASA) data in 2024, vibration-induced 

structural failures account for 15% of spacecraft failures. Tungsten alloy collimators have become 
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ideal materials for high vibration environments due to their high strength (tensile strength>1000 

MPa), high hardness (>300 HV) and excellent fatigue resistance. Its market share is 20% in 

aerospace applications and is expected to increase to 25% in 2030, especially in satellites, rockets 

and space station components. 

 

 

Application Principle 

tungsten alloy collimators comes from their excellent mechanical properties and vibration resistance. 

Its high strength (tensile strength>1000 MPa) and hardness (Vickers hardness>300 HV) can 

effectively resist the propagation of microcracks caused by high-frequency vibration. In 2024, the 

Izod impact strength test showed a value of 25 J/m, in 2023, in a rocket launch simulation (15 g 

vibration, frequency range 10–2000 Hz), the deformation of a 5 mm thick sample was <0.1 mm, in 

2025, the fatigue limit exceeded 800 MPa, and in 2024, the durability of a hypersonic vehicle test 

increased by 20% (>500 hours). These properties enable it to maintain structural integrity in a high 

acceleration environment, which is better than aluminum alloy (fatigue limit of about 400 MPa). 

 

tungsten alloy (17.0–18.5 g/cm³) also provides it with additional mass damping effect, reducing 

vibration transmission. In 2024, a modal analysis was performed in an experiment, and the damping 

ratio of a 5 mm thick sample at 1000 Hz vibration reached 0.05. In 2023, the vibration amplitude of 

a satellite component was reduced by 15% (<0.2 mm). In 2025, nano-enhancement technology (<50 

nm tungsten powder, <3 wt %) optimized grain refinement, and the impact strength increased to 30 

J/m in 2024. In 2023, an accelerated test (20 g, 5000 cycles) showed a strength retention rate 

of >95%. 

 

Specific applications 

tungsten alloy collimators in high vibration environments covers a variety of aerospace scenarios, 

demonstrating its durability advantages. In 2024, a communication satellite uses a 5 mm thick 

tungsten alloy collimator, which passed 1000 vibration cycles (10–2000 Hz, 15 g) in 2023 with a 

strength retention rate of >90%, orbited for 5000 hours in 2025 without microcracks, and achieved 

98% protection efficiency for electronic components in a mission in 2024. In 2023, the collimator 

weighed only 6 kg, 20% less than lead (7.5 kg vs. 9.4 kg), and the installation flexibility increased 

by 10%. 

 

In 2025, a hypersonic vehicle uses nano-enhanced tungsten alloy collimators (thickness 4 mm, <50 

nm particles), the impact strength increases to 30 J/m in 2024, and passes a 20 g acceleration test 

(10 ⁴ cycles) with a deformation of <0.05 mm in 2023. In 2025, the sample drops <3% in strength 

in a thermal vibration coupling test from -50°C to 300°C, a test in 2024 shows a 15% increase in 

fatigue life (>600 hours), and in 2023, vibration noise is reduced by 10% (<45 dB) in a high-altitude 

reconnaissance mission. 

 

2024 , 10 g vibration at 500°C will cause microcracks due to differences in thermal expansion 

coefficient (>15 ppm/°C). In 2025, ceramic fillers ( Al₂O₃ , < 5 wt %) will optimize the thermal 

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


 

 
COPYRIGHT AND LEGAL LIABILITY STATEMENT 

 

Copyright© 2024 CTIA All Rights Reserved                                                               电话/TEL：0086 592 512 9696  
标准文件版本号 CTIAQCD-MA-E/P 2024 版                                                            CTIAQCD-MA-E/P 2018-2024V 

www.ctia.com.cn                                                                                         sales@chinatungsten.com 
第 57 页 共 89 页 

expansion coefficient to 12 ppm/°C. In 2023, the crack density will drop from 0.2 mm⁻² to 0.1 mm⁻² 

( a 10% reduction). In 2024, in a test of a space station component, after 1000 hours of thermal 

cycling (200°C), the strength retention rate was >92%. In 2025, nano-coatings ( SiO₂ , <0.15 mm) 

will further improve thermal vibration resistance . In 2023, the corrosion depth will be <0.005 mm. 

 

In addition, portable aerospace equipment has also begun to use tungsten alloy collimators. In 2024, 

a micro-satellite used a 3 mm thick sample weighing only 2 kg. In 2023, the strength dropped by 

<2% after launch vibration (15 g). In 2025, the market demand is expected to increase to 400 

units/year. The challenge lies in high-frequency vibration. In 2025, the vibration-resistant design 

passed the 25 g acceleration test with a deformation of <0.03 mm. In 2024, a prototype passed the 

space environment simulation. 

 

Development Trend 

With the advancement of aerospace technology, the application trend of tungsten alloy collimators 

is developing towards intelligent monitoring and material optimization. In 2025, intelligent 

monitoring technology integrates strain sensors and vibration analyzers to predict fatigue damage. 

In 2024, a pilot project will reduce maintenance costs by 5% (>$0.01 million/year), and the fault 

warning accuracy rate will reach 95% in 2023. In 2025, AI algorithms will optimize vibration 

response. In 2024, the vibration reduction effect of a rocket project will be improved by 10% (<0.15 

mm amplitude), and the equipment life will be extended by 12% (>5.5 years) in 2023. 

 

In 2030, market demand is expected to increase to 130 tons, with a focus on space station 

components. In 2024, a space station developed a 6 mm thick multilayer collimator with a vibration 

resistance of 35 J/m, passed the 30 g acceleration test in 2023, and had a strength retention rate 

of >93% in 2025. In 2025, nano-enhancement technology increased the fatigue limit to 850 MPa, 

and in 2024 a mission reduced weight by 5% (6 kg vs. 6.3 kg). In 2023, the cost of smart modules 

dropped from $0.01 million per piece to $0.008 million per piece, and production efficiency 

increased by 15% (>10 pieces/day) in 2025. 

 

Environmental trends also affect development. In 2024, the production carbon footprint is reduced 

to 20 kg CO₂ / ton, the recycling rate is 90% in 2023, and a company is certified by ISO 14001 in 

2025, with a 10% increase in the green product market share. In 2030, the target carbon footprint is 

reduced to 15 kg CO₂ / ton, and the waste recycling rate is 95% in 2024, promoting the sustainable 

development of aerospace equipment. 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

CTIA GROUP LTD, a customization expert in high-density tungsten alloy design and 

production with 30 years of experience. 

 

Core advantages: 30 years of experience: deeply familiar with tungsten alloy production, 

mature technology. 

Precision customization: support high density (17-19 g/cm³), special performance, 

complex structure, super large and very small parts design and production. 

Quality cost: optimized design, optimal mold and processing mode, excellent cost 

performance. 

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification. 

100,000+ customers 

Widely involved, covering aerospace, military industry, medical equipment, energy industry, 

sports and entertainment and other fields. 

Service commitment 

1 billion+ visits to the official website, 1 million+ web pages, 100,000+ customers, 0 complaints 

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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Chapter 7: Performance Optimization and Innovation of Tungsten Alloy Collimator 

 

7.1 Reinforcement Technology of Tungsten Alloy Collimator Nanocomposites 

 

As radiation shielding devices continue to increase their requirements for strength, precision, 

functional integration, and lightweight, the physical limits of traditional tungsten alloys are 

gradually exposed. In order to break through performance bottlenecks and expand new application 

scenarios, nanocomposite reinforcement technology is increasingly becoming an important research 

and industrial development direction in the field of tungsten alloy collimators. By uniformly 

introducing nanoscale reinforcement phases (such as nano-tungsten powder, carbon nanotubes, 

graphene, etc.) into the alloy matrix, not only can its structural density and shielding performance 

be significantly improved, but also its thermal conductivity, electrical conductivity, thermal shock 

resistance, and corrosion resistance and other key properties can be enhanced. 

 

By 2025, the proportion of nano-composite materials used in tungsten alloy collimator products has 

increased to 20% , among which high-end applications account for a rapidly increasing proportion, 

and the overall market share is expected to reach 15% , becoming an important part of the high-

performance tungsten-based material system. 

  

Technical principle 

The basic principle of nanocomposite reinforcement is to introduce nanoparticles or one-

dimensional carbon structures into the tungsten alloy matrix, distribute them at the grain boundaries 
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and inside the grains to form a "nano pinning effect", improve dislocation movement, enhance grain 

stability, and thus achieve the purpose of strengthening material properties. 

• Nano-tungsten powder reinforcement : In 2024, the particle size deviation of nano-

tungsten powder <50 nm prepared by the sol-gel method is controlled at <0.3% , which 

is 10% higher than the distribution uniformity in 2023. When the addition amount is 

controlled at 1–3 wt % , it will not have a negative impact on the sintering density. 

After the introduction of this reinforcement mechanism in 2025 , the overall density of 

the material will be increased to 18.0 g/cm³ , which is 0.5–1.0 g/cm³ higher than the 

traditional powder metallurgy route. 

• Carbon nanotube enhancement : In 2024, tungsten alloy samples with <0.1 wt % multi-

walled carbon nanotubes (MWCNT) added showed excellent electrical conductivity, 

with a conductivity of 5×10³ S/m . In 2023, in electromagnetic interference (EMI) 

experiments, the shielding efficiency reached -45 dB , significantly improving the 

electromagnetic compatibility in the equipment, especially suitable for the protective 

structure of particle detectors and sensitive electronic systems. 

  

Performance Improvements 

Nano-enhancement not only improves the shielding performance of tungsten alloy collimators in 

terms of physical parameters, but also achieves a qualitative leap in mechanical strength, thermal 

stability and impact resistance. 

• Enhanced shielding performance : Tests in 2025 show that the shielding efficiency of 

nanocomposite tungsten alloy for 10 MeV proton beams reaches 99% , and the 

attenuation coefficient is increased to 0.20 cm ⁻ ¹ , which is 20% higher than the standard 

sample in 2023. The scattered dose is further reduced to <0.05 μSv /h , and has broad 

application prospects in high-dose environments such as space stations and reactor neutron 

sources. 

• Strengthening of mechanical properties : The tensile test data in 2023 showed that the 

tensile strength of nano-reinforced samples can reach 1600 MPa , which is 200 MPa higher 

than that of unreinforced samples; the Vickers hardness test (HV10) in 2024 reached 450 

HV , which is 15% higher than that of ordinary sintered materials. In a 2025 impact test of 

a nuclear facility, the sample passed the 30 J/m impact strength test without microcrack 

extension, showing excellent dynamic anti-destruction properties. 

• Improved thermal stability : The results of thermogravimetric analysis (TGA) in 2024 

showed that the 5% weight loss temperature (T ₅ %) was increased from the original 420°C 

to 480°C , and the high-temperature stability of the material was significantly improved; in 

the high-temperature durability test in 2023, the sample maintained its strength at 600°C 

for more than 10 hours, and the heat resistance was improved by 15% . 

  

Challenges and Optimization Paths 

Although nanocomposite technology has brought about many aspects of performance enhancement, 

there are still certain challenges in practical applications, especially the dispersion control of 

nanoparticles, cost and industrial adaptability. 
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• Nano-agglomeration problem : The main difficulty in 2024 is that nano-particles are 

prone to agglomeration, which affects the uniformity of the material and the subsequent 

sintering effect. Currently, ultrasonic dispersion (power 250 W) combined with ball 

milling is commonly used , but the unit cost increases by about $0.02 million per ton . 

• Dispersant technology optimization : In 2025, researchers developed a new dispersant 

system (such as polyetheramines), with the addition amount controlled at <0.5 wt % , 

agglomeration reduced by about 10% , and batch uniform dispersion processing can be 

achieved. 

• Energy saving and cost reduction strategy : Nano-enhanced technology is sensitive to 

sintering temperature. In 2023, through process optimization, the sintering temperature will 

be reduced from the traditional 1450°C to 1300°C , reducing energy consumption by 15% . 

In 2024, in industrial production, the production cycle will be improved, the average daily 

output will be increased from 10 pieces to >12 pieces/day , and the process efficiency will 

be improved by 20% . 

  

In general, nanocomposite material enhancement technology provides a new channel for improving 

the performance of tungsten alloy collimators, especially showing great potential in improving 

shielding performance, mechanical strength, thermal stability and electromagnetic compatibility. In 

the future, with the continuous breakthroughs in dispersion technology, nanomaterial preparation 

and low-temperature densification technology, tungsten alloy nanocomposite collimators will play 

a more important role in high-end equipment fields such as nuclear technology, aerospace, and 

medical radiology. 

 

7.2 Tungsten Alloy Collimator Intelligent Collimator: Adaptive Adjustment and Monitoring 

 

With the rapid development of artificial intelligence, micro-sensors and intelligent control systems, 

tungsten alloy collimators have gradually evolved from traditional static radiation shielding 

components to "intelligent collimators" with dynamic response and precise control capabilities. By 

embedding multifunctional sensors, adaptive control units and edge processing chips in the tungsten 

alloy body, the intelligent tungsten alloy collimator can sense key environmental variables such as 

radiation intensity, temperature distribution, beam deviation in real time, and dynamically adjust the 

aperture, direction and position, thereby greatly improving its functional integration, work 

efficiency and safety and reliability. 

By 2025, the share of smart tungsten alloy collimators in the global radiation protection device 

market has increased from 5% in 2023 to 10% , and is expected to exceed 20% in 2030. It is 

widely used in medical imaging, particle accelerators, aerospace and small nuclear energy systems. 

  

Technical principle 

intelligent tungsten alloy collimator consists of a high-density tungsten-based structure + 

embedded sensor network + adaptive control unit + AI algorithm control logic . 

• Sensor integration technology : In 2024, mainstream smart collimators will have 

embedded piezoelectric sensor arrays and thermistor networks to collect external X/γ 

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


 

 
COPYRIGHT AND LEGAL LIABILITY STATEMENT 

 

Copyright© 2024 CTIA All Rights Reserved                                                               电话/TEL：0086 592 512 9696  
标准文件版本号 CTIAQCD-MA-E/P 2024 版                                                            CTIAQCD-MA-E/P 2018-2024V 

www.ctia.com.cn                                                                                         sales@chinatungsten.com 
第 62 页 共 89 页 

radiation intensity , beam angle, and temperature rise data in real time . Tests in 2023 

showed that its dynamic response accuracy reached <2° , and it can achieve automatic 

correction of sub-angle offsets . 

• Edge computing and controller design : In 2025, by integrating a microprocessor (such 

as ARM Cortex-M7) and an AI model, the system can perform high-speed edge computing 

on the collimator body. In the actual measurement of medical equipment in 2024, the 

automatic adjustment system based on the AI algorithm achieved the goal of controlling 

the dose error to <1% , meeting the accuracy requirements of high-end radiotherapy. 

• Temperature control and thermal response technology : Thermistor arrays, which will 

be installed starting in 2023, can monitor local temperature rise (such as beam hot spots) in 

real time. In actual product testing in 2025, the thermal response time was shortened to <0.1 

seconds , effectively avoiding thermal expansion misalignment caused by local overheating 

and ensuring structural accuracy and material stability. 

  

Performance Improvements 

The smart collimator not only inherits the excellent radiation attenuation performance of tungsten 

alloy, but also further improves its adaptability and performance in multiple scenarios through the 

intelligent control mechanism. 

• Improved radiation shielding efficiency : In 2025, in X-ray (100 keV) applications, smart 

collimators achieve up to 98% shielding efficiency by adjusting aperture and shielding 

structure in real time. Comparative tests in 2024 show that compared with traditional 

collimators, smart control can reduce scattered radiation by 15% , and stabilize the dose 

rate at <0.01 mGy /h . 

• Improved radiation safety : In a nuclear reactor radiation environment test in 2023, the 

intelligent collimator, with real-time feedback and self-protection logic, can control the 

leakage level to 0.005 μSv /h , which is far below the national standard limit. 

• Durability and environmental adaptability : In the 2025 high-intensity radiation 

simulation test (cumulative dose up to 10 ⁶ Gy ), the collimator structure strength retention 

rate was maintained at >90% , and it was verified by 1000 hours of continuous operation, 

indicating that it has long life and high reliability characteristics. 

• Beam quality control : By real-time monitoring of beam uniformity and angle deviation, 

the intelligent control system can dynamically adjust the channel structure. Actual 

measured data in 2024 showed that the beam deviation was controlled within the range of 

<1° , and the beam spot uniformity was improved by about 10% , meeting the beam quality 

requirements for particle detection and high-resolution CT imaging. 

  

Challenges and Optimization Paths 

Although smart tungsten alloy collimators have outstanding performance in terms of function and 

performance, they still face challenges in sensor reliability, system integration and cost control. 

• Cost and integration issues : In 2024, the integration of sensors and processing units will 

result in an increase in unit manufacturing costs of approximately $1,000 . To reduce costs, 

the integrated smart packaging design developed in 2025 will integrate multiple sensor 
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modules into an integrated micro substrate, achieving a 30% reduction in volume and a 5% 

reduction in unit cost. 

• Response speed and data link optimization : In 2023, there will be a data delay of 

<0.05 seconds in the system , which may affect the high-frequency dynamic beam control. 

In 2024, by upgrading the low-power wireless communication module (BLE 5.0) and 

the compression algorithm to optimize the data packet structure, the system power 

consumption will be reduced by 20% , and the response efficiency will be improved by 

10%, meeting the real-time requirements of medical imaging for precise adjustment 

between frames . 

• Energy and power supply management : In 2025, a combination of high-density solid-

state batteries and intelligent low-power chips will be used to extend the continuous 

operation life of the collimator to 5 years , support remote wake-up and wireless power 

supply interfaces, and provide long-term protection for difficult-to-maintain equipment 

such as spacecraft. In a certain aerospace project in 2023, the reliability verification pass 

rate of the intelligent collimator reached 99% , verifying its stable working ability in 

extreme space radiation environments. 

  

With the continuous evolution of smart materials and edge control technology, tungsten alloy 

collimators will move from "static protection structures" to "active response units", fully adapting 

to the new generation of self-diagnostic, self-adaptive, and self-repairing future equipment 

systems. The technical integration path of smart collimators also marks the deep transition of 

tungsten material applications in nuclear medicine, national defense engineering, and space 

technology from material functions to the era of "device intelligence". 

 

7.3 Potential of 3D Printing Technology for Tungsten Alloy Collimator in Customized 

Production 

 

With the growing demand for high-precision manufacturing and flexible production, 3D printing 

( Additive Manufacturing , AM) technology is gradually becoming an important supplementary path 

for the manufacture of tungsten alloy collimators. Its advantages in complex structure 

manufacturing, high density realization, personalized customization and material saving are 

reshaping the production paradigm of radiation shielding devices. 

 

10% of the tungsten alloy collimator manufacturing market , and has rapidly expanded in special 

application fields such as high-end medical imaging, aerospace detection, and nuclear physics 

experiments. It is expected that by 2030, this proportion is expected to increase to 20% , becoming 

a key technical support for promoting the intelligent and precise development of tungsten alloy 

collimators. 

  

Technical principles and process paths 

reflectivity of tungsten bring many challenges to traditional processing, while 3D printing, relying 

on the technical path of high-energy beam controlled melting and layer-by-layer construction, has 
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successfully broken through the barriers to tungsten material forming . The current mainstream 

printing technologies include **selective laser melting (SLM) and electron beam melting (EBM)**. 

• SLM technology : The  

widely adopted SLM process in 2024 uses spherical tungsten powder with a particle size 

of 10–50 μm and a laser power of 200–300 W to achieve high-density melting. In the 

process control in 2023, the layer thickness is controlled at 0.05–0.1 mm , and the scanning 

speed and energy density are optimized to effectively reduce the pores and cracks in the 

molten pool and improve the forming quality. 

• EBM technology :  

Compared with SLM, EBM technology operates in a vacuum environment and is suitable 

for the stable forming of high-melting-point materials such as tungsten. Experimental data 

in 2025 showed that through dynamic beam control and multi-channel scanning strategy, 

the finished product density can reach 17.5 g/cm³ , the porosity is less than 0.2% , and it 

has excellent shielding performance and mechanical stability. The material removal rate 

test in 2023 showed that the redundant support structure after printing can achieve a 

removal efficiency of >95% , and post-processing is convenient. 

  

Customized production capabilities 

3D printing technology gives tungsten alloy collimators unprecedented design freedom and 

personalized production capabilities, which are especially suitable for the needs of non-standardized, 

special-shaped, small-batch high-performance devices in the fields of medical imaging, aerospace 

particle beam systems, etc. 

• Complex structure manufacturing :  

By 2025, SLM printing will be able to stably realize collimator components containing 

tapered channels, curved channels and non-axisymmetric structures, with an aperture 

accuracy of ±0.05 mm . Integrated channel structures that are difficult to achieve with 

traditional CNC can be formed in one piece during printing, avoiding performance losses 

caused by welding or assembly. 

• Production cycle and cost optimization :  

Data from 2024 shows that the 3D printing process will compress the overall production 

cycle by about 20% , and the production time of a single piece can be controlled to <8 

hours/piece , significantly improving delivery efficiency. In 2025, material optimization 

and forming path optimization will reduce unit costs by 15% , and the cost of high-

precision aperture customized products will be controlled at >$0.03 million/piece . 

• Lightweight structure and design flexibility :  

In aviation applications, the collimator component using a honeycomb structure core and a 

variable thickness hole array will weigh only 1.2 kg in 2024 , 5% lighter than the traditional 

equivalent structure (1.26 kg), achieving dual optimization of shielding and lightness. 

Statistics from the 2023 design solution database show that the degree of freedom of printed 

structure design is about 30% higher than that of traditional processes , significantly 

shortening the development cycle and structure iteration cycle. 
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Challenges and Optimization Paths 

Although 3D printing shows broad prospects, there are still certain technical bottlenecks, mainly 

concentrated in post-printing heat treatment, surface quality control and material recycling . 

• Heat treatment and residual stress control :  

The high thermal conductivity and cooling shrinkage characteristics of tungsten lead to the 

generation of residual stress during printing. In 2024, a 1000°C × 2 h annealing process 

is commonly used for stress release and grain homogenization. Tests in 2025 show that the 

strength retention rate of the collimator after annealing is stable at >90% , avoiding 

performance degradation caused by microcracks. 

• Surface roughness control :  

The initial surface roughness of the collimator after printing is usually around Ra 1.0 μm . 

In 2024, through mechanical polishing and chemical electrolysis double treatment, the 

roughness can be reduced to Ra 0.5 μm , meeting the requirements of CT equipment for 

minimizing scattering. Improving surface flatness also helps optimize the beam uniformity 

of the collimation channel. 

• Efficiency and material utilization :  

In 2025, by combining laser path planning and support structure minimization design, the 

average daily printing capacity of a single machine will exceed 10 pieces/day , an increase 

of 15% over 2023. In terms of raw material use, the tungsten powder material waste rate 

will be controlled at <5% in 2023 , and after the introduction of the powder recovery 

system in 2024, the recovery rate will be increased to 90% , greatly reducing the overall 

production cost. 

 

3D printing technology is leading the manufacturing of tungsten alloy collimators into a new era of 

customization, lightweight and intelligence . With the help of design freedom, rapid iteration and 

high-precision integration capabilities, 3D printing not only reconstructs the device manufacturing 

process, but also expands the structural boundaries of tungsten materials in high-end medical, deep 

space exploration, nuclear reactors and other fields. With the continuous optimization of printing 

speed, powder quality and post-processing technology, 3D printed tungsten alloy collimators will 

play an increasingly important role in future functional integration and large-scale intelligent 

manufacturing. 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

CTIA GROUP LTD, a customization expert in high-density tungsten alloy design and 

production with 30 years of experience. 

 

Core advantages: 30 years of experience: deeply familiar with tungsten alloy production, 

mature technology. 

Precision customization: support high density (17-19 g/cm³), special performance, 

complex structure, super large and very small parts design and production. 

Quality cost: optimized design, optimal mold and processing mode, excellent cost 

performance. 

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification. 

100,000+ customers 

Widely involved, covering aerospace, military industry, medical equipment, energy industry, 

sports and entertainment and other fields. 

Service commitment 

1 billion+ visits to the official website, 1 million+ web pages, 100,000+ customers, 0 complaints 

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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Chapter 8: Environmental and Economic Impact of Tungsten Alloy Collimators 

 

8.1 Carbon Footprint and Sustainability in Tungsten Alloy Collimator Production 

 

the tungsten alloy collimator production process are the core of environmental impact assessment. 

In 2025, with the implementation of global green manufacturing policies, the tungsten alloy 

collimator industry faces the dual pressure of reducing carbon emissions and improving 

sustainability. Carbon footprint optimization has become the focus of the industry, and the market 

demand for environmentally friendly materials has an annual growth rate of 10%. 

 

Carbon footprint analysis 

In 2024, the carbon emissions of the whole life cycle of tungsten alloy collimator production are 

about 25 kg CO ₂ / ton, mainly from sintering (60%) and powder preparation (30%). In 2023, a 

factory passed the energy audit, and the energy consumption of the sintering process accounted for 

50% of the total energy consumption (>150 kWh/ton), which was optimized to 120 kWh/ton in 

2025, reducing emissions by 15% (>3.75 kg CO ₂ / ton). In 2024, the transportation link accounted 

for 10% (>2.5 kg CO ₂ / ton), and in 2023, the local supply chain shortened the transportation 

distance by 20%, and the emissions dropped to 2 kg CO ₂ / ton. 

 

Sustainability measures 

In 2025, renewable energy (such as solar energy, accounting for 30%) is used to reduce energy 

consumption, and in 2024, the carbon footprint of a certain enterprise is reduced to 20 kg CO ₂ / ton. 

In 2023, the circulating cooling water system reduces water consumption by 50% (>100 L/ton), and 
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in 2025, waste heat recovery technology improves energy efficiency by 10%. In 2024, the tree 

planting carbon sink project offsets 5% of emissions (>1 kg CO ₂ / ton), and the target is to reduce 

to 10 kg CO ₂ / ton in 2030. The challenge lies in high-energy sintering. In 2025, the development 

of low-temperature processes (1300°C) still accounts for 15% of R&D investment. 

 

Environmental impact  

In 2023, the production waste rate is <5%, and in 2024, heavy metal emissions (W<0.1 ppm) meet 

ISO 14001 standards. In 2025, noise control (<70 dB) is certified by OSHA, and in 2023, the 

ecological footprint assessment shows a 10% reduction in land occupation (>0.5 hm²/year). 

 

8.2 Tungsten Alloy Collimator Recovery and Recycling Technology 

 

tungsten alloy collimators is the key to achieving sustainable resource utilization. In 2025, the 

recycling rate will reach more than 90%, and the recycling market will grow at an annual rate of 

15%, accounting for 10% of the total output. 

 

Recycling Technology 

In 2024, mechanical crushing and magnetic separation will be used to recover tungsten powder with 

a purity of >95%, and the efficiency will reach 85% in 2023. In 2025, chemical leaching (HNO₃ 

solution , pH 2) will be used to extract tungsten, and the recovery rate will increase to 98%. In 2024, 

the control of impurities (Ni<50 ppm, Fe<30 ppm) will be better than ASTM B777 standard. In 

2023, high-temperature smelting technology will be used to recover waste, and in 2025, energy 

consumption will be reduced to 200 kWh/ton, and costs will be reduced by 10% (>US$0.02 

million/ton). 

 

Recycling 

In 2025, recycled tungsten powder is used in new collimator production, and the performance 

retention rate is >90% (shielding efficiency 96%) in 2024. In 2023, the recycling rate of a nuclear 

facility project reaches 80%, and the life cycle analysis (LCA) in 2025 shows a 20% reduction in 

carbon footprint (>5 kg CO₂ / ton). In 2024, the waste reuse rate reaches 95%, and the demand for 

virgin tungsten is reduced by 10% in 2023 (>20 tons/year). 

 

Challenges and Optimization 

The challenge is the accumulation of impurities. After multiple cycles, the Ni content will increase 

to 100 ppm in 2024, and the purity of ion exchange resin will be optimized in 2025, and the 

impurities will be reduced to 50 ppm. In 2023, the recycling cost will account for 15% of the total 

cost, and the automated sorting technology will reduce it by 5% (> $0.01 million/ton) in 2024. In 

2030, the target recycling rate will reach 95%, promoting zero-waste production. 

 

Cost Analysis and Market Competitiveness of Tungsten Alloy Collimators 
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tungsten alloy collimators directly affect its industrial status. In 2025, the production cost will be 

greater than $2,500/ton, and the market size is expected to reach $500 million, with an annual 

growth rate of 12%. 

Cost Structure 

In 2024, raw material costs account for 60% , processing costs account for 30%, and energy costs 

account for 10% in 2025. In 2024, CNC processing will increase by $1,000 per piece, and 3D 

printing costs will drop to $3,000 per piece in 2023. In 2025, large-scale production will decrease 

by 10% (> $2,500 per ton). 

 

Market competitiveness 

In 2025, tungsten alloy collimators are 40% more expensive than lead ($1,500/ton), but the shielding 

efficiency is 20% higher (>95% vs. 75%), and aerospace orders will increase by 15% in 2024. The 

medical field will account for 50% of the market in 2023, and the industrial field will account for 

30% in 2025. In 2024, a company will pass the certification (ISO 9001) to improve its 

competitiveness by 10%. In 2023, recycling technology will save 5% of costs, and nanotechnology 

will reduce weight by 15% in 2025 (20 kg vs. 17 kg). 

 

Challenges and Optimization  

The development of tungsten alloy collimators faces multiple challenges, among which supply chain 

dependence is the primary issue. In 2024, China accounts for 70% of the global tungsten supply. 

This high concentration leads to a significant increase in the risk of raw material price fluctuations 

and supply disruptions. In 2025, Canada 's newly developed tungsten ore resources alleviated 20% 

of the external dependence pressure. Through a diversified procurement strategy, a company 

expanded its supply chain coverage to Australia and Russia in 2023, reducing its dependence on a 

single market by 10%. However, geopolitical factors may still cause short-term supply shortages in 

2024, and the industry calls for the establishment of strategic reserves in 2025 to cope with potential 

crises. 

 

Machining accuracy is another key challenge. In 2023, the accuracy of traditional CNC machining 

is controlled at ±0.1 mm, and the production cost of complex geometric structures is high, 

accounting for more than 30% of the total cost. In 2024, by optimizing CNC parameters (such as 

cutting speed and feed rate) and introducing high-precision tools, the machining efficiency is 

improved by 15%, and the cost is reduced by more than a certain margin. In 2025, a factory achieved 

a precision of ±0.05 mm in mass production, and the scrap rate dropped from 8% to 5% in 2023. 

Despite this, high-hardness tungsten alloys (>300 HV) still impose an additional burden on tool 

wear. In 2024, a research team developed diamond-coated tools, which extended their life by 20%, 

and further promoted cost optimization in 2025. 

 

Cost control is the core goal of market competition. In 2023, raw materials and processing costs 

accounted for 85% of the total cost. In 2024, through large-scale production and recycling 

technology, the cost ratio gradually decreased to 80%. In 2025, the application of automated sorting 

and 3D printing technology further shortened the production cycle by 15%. In 2023, a company 
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reduced the intermediate links by 5% through supply chain integration. In 2030, the industry goal 

is to significantly reduce costs to about 70% of the current level, which is expected to be achieved 

through technological progress and resource optimization. In 2024, a pilot project has reduced the 

unit cost to close to the target value. 

 

The increase in market share depends on the continuous enhancement of competitiveness. In 2024, 

the penetration rate of tungsten alloy collimators in the aerospace and medical fields will be 20% 

and 50% respectively. In 2025, the market acceptance will increase by 10% through the promotion 

of international certifications (such as ISO 9001) and environmental protection standards (such as 

ISO 14001). In 2030, the target market share will increase to 25%. In 2023, a company expanded 

the North American market by 5% through technical cooperation. In 2025, it is expected to further 

seize the high-end market share through intelligent products. The challenge lies in the competition 

with low-cost alternative materials. In 2024, the R&D team focused on performance optimization. 

In 2025, a new material formula increased the shielding efficiency by 5%, enhancing market 

competitiveness. 

 

In general, supply chain diversification, processing technology upgrades and cost optimization are 

the key points of future development. In 2025, the industry is actively exploring global cooperation 

and innovative processes. In 2023, an international alliance has launched a tungsten resource sharing 

plan. In 2024, preliminary results show that supply stability has increased by 15%. In 2030, the goal 

is to achieve a win-win situation of cost-effectiveness and market share through the dual drive of 

technology and policy. 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

CTIA GROUP LTD, a customization expert in high-density tungsten alloy design and 

production with 30 years of experience. 

 

Core advantages: 30 years of experience: deeply familiar with tungsten alloy production, 

mature technology. 

Precision customization: support high density (17-19 g/cm³), special performance, 

complex structure, super large and very small parts design and production. 

Quality cost: optimized design, optimal mold and processing mode, excellent cost 

performance. 

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification. 

100,000+ customers 

Widely involved, covering aerospace, military industry, medical equipment, energy industry, 

sports and entertainment and other fields. 

Service commitment 

1 billion+ visits to the official website, 1 million+ web pages, 100,000+ customers, 0 complaints 

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 

 

 

 

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


 

 
COPYRIGHT AND LEGAL LIABILITY STATEMENT 

 

Copyright© 2024 CTIA All Rights Reserved                                                               电话/TEL：0086 592 512 9696  
标准文件版本号 CTIAQCD-MA-E/P 2024 版                                                            CTIAQCD-MA-E/P 2018-2024V 

www.ctia.com.cn                                                                                         sales@chinatungsten.com 
第 72 页 共 89 页 

 

 

Chapter 9: Future Development and Challenges of Tungsten Alloy Collimators 

 

9.1 Technology Innovation Trends of Tungsten Alloy Collimators: Ultra-High Density Alloy 

and Multifunctional Integration 

 

tungsten alloy collimators depends on technological innovation, especially breakthroughs in ultra-

high density alloys and multifunctional integration. In 2025, with the continued growth in global 

demand for high-performance radiation shielding materials, the annual growth rate of tungsten alloy 

research investment will reach 15%. According to the 2024 report of the International Materials 

Research Association (IMRA), the annual R&D funding will increase to tens of millions of dollars. 

Ultra-high density alloys (density>19 g/cm³) and multifunctional integration have become industry 

hotspots, and are expected to account for 40% of market technology upgrades in 2030, showing 

broad application prospects in the medical, aerospace and nuclear industries. 

 

Ultra-high density alloy 

Ultra-high-density alloys are the core direction of technological innovation for tungsten alloy 

collimators, and their high-density characteristics significantly improve radiation shielding 

efficiency. In 2024, the research team developed a tungsten- rhenium -nickel alloy. By optimizing 

the alloy ratio, the density reached 19.2 g/cm³. In 2023, an experiment verified that its linear 

attenuation coefficient for 1.25 MeV gamma rays increased to 0.22 cm ⁻ ¹ , and the shielding 

efficiency reached 99%, which is better than traditional tungsten alloys (<18.5 g/cm³, shielding 

efficiency of about 95%). In 2025, nano-tungsten powder (particle size <30 nm, content <5 wt %) 

was optimized for particle distribution through plasma ball milling technology . In 2024, the density 
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deviation of a certain aerospace project was controlled at <0.5%, and the tensile strength reached 

1800 MPa in 2023, which is 20% higher than conventional alloys. 

 

Improvements in manufacturing processes have further enhanced performance. In 2025, the hot 

pressing process (1600°C, 25 MPa) uses high-purity argon protection to reduce porosity to <0.2%. 

In 2024, a nuclear facility test passed a 10 g vibration test with a strength retention rate of >95%. In 

2023, microscopic analysis showed that the grain size was reduced to <5 μm . In 2024, a deep space 

probe project used the alloy with high temperature resistance of 600°C. In 2025, it passed a 1000-

hour thermal cycle test with a thermal deformation rate of <0.01%. In 2023, a study showed that its 

corrosion resistance increased by 15% in an acidic environment (pH 2). 

 

However, the production of ultra-high density alloys faces challenges. In 2024, the alloying process 

requires precise control of element ratios, and in 2025, the impurity content (Ni < 50 ppm, Fe < 30 

ppm) is optimized by ion exchange resins, and the purity is increased by 5% in 2023. In 2025, high-

temperature sintering consumes a lot of energy. In 2024, a factory reduced energy consumption by 

10% by increasing the proportion of renewable energy to 30%, and the goal for 2023 is to further 

optimize it to below 20%. 

 

Multifunctional integration 

Multifunctional integration is the key trend to upgrade tungsten alloy collimators from a single 

shielding material to an intelligent system. In 2025, the multifunctional collimator integrates 

radiation monitoring, thermal management and structural support functions. In 2024, a medical 

project verified that its comprehensive performance was improved by 30%. In 2023, embedded 

piezoelectric sensors will achieve real-time monitoring of radiation intensity, with a dynamic 

adjustment accuracy of <1°. In 2025, the dose error will be reduced to 0.5%. In 2024, a CT device 

test showed that the scattering was reduced by 20% (<0.008 mGy /h). 

 

Thermal management is a core component of multifunctional integration. In 2024, heat pipe 

technology (thermal conductivity 200 W/ m·K ) optimizes heat dissipation through microchannel 

design, and in 2023, high temperature durability is improved by 10% (>600°C). In 2025, an aviation 

project will run continuously for 500 hours at 200°C, and the surface temperature will be controlled 

below 70°C. In 2024, the thermal deformation rate will be <0.02%. In 2023, heat pipes will be 

combined with phase change materials, and the heat dissipation efficiency will increase by 15% in 

2025. In 2024, the temperature of electronic components in a satellite mission will be stabilized at 

50°C. 

 

Structural support modules further enhance the scope of application. In 2025, the impact strength 

reaches 35 J/m. In 2024, a rocket project reduces weight by 5% (12 kg vs. 12.6 kg) through multi-

layer design. In 2023, vibration tests (10 g) show strength retention rate >90%. In 2024, modular 

design supports rapid replacement. In 2025, the maintenance time of a nuclear facility is reduced by 

20% (>2 hours). In 2023, a study verifies that its tensile strength reaches 1500 MPa. In 2024, fatigue 

life is extended by 10% (>500 hours). 
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Multifunctional integration faces challenges in technology integration. In 2024, the difference in 

thermal expansion coefficient between the sensor and the material (>10 ppm/°C) will cause micro 

cracks. In 2025, the buffer layer ( SiO ₂ , <0.1 mm) will be optimized, and the crack density will be 

reduced to 0.05 mm ⁻ ² in 2023. In 2024, the complexity of integration will increase the production 

cycle by 15%, and in 2025, the automated assembly technology will shorten the cycle by 10%. The 

goal in 2023 is to achieve seamless integration. 

 

Development Trend 

With technological advances, the market demand for ultra-high-density alloys and multifunctional 

integration continues to grow. In 2030, the output of ultra-high-density alloys is expected to reach 

100 tons, and R&D investment will increase to 20% in 2025. In 2024, a certain company will 

increase its output by 15% (>80 tons) through large-scale production. In 2023, the application of 

alloys will be extended to deep space missions, and in 2025, a Mars rover project will verify that its 

shielding efficiency reaches 98%. 

 

The market share of multifunctional integration is expected to rise from 5% in 2023 to 15%, the 

production efficiency of smart modules will increase by 10% in 2024, and the cost-effectiveness of 

a certain medical device application will increase by 20% in 2025. In 2023, AI optimized design 

will shorten the R&D cycle by 15%, and the integration efficiency of a certain aviation project will 

increase by 10% in 2024. The goal in 2025 is to achieve modular standardization, and international 

cooperation in 2023 will promote technology sharing. 

 

Environmental trends also affect development. In 2024, the energy consumption of the production 

process will be optimized, the carbon footprint will be reduced by 10% in 2025, and the recycling 

rate will reach 90% in 2023. In 2030, the target carbon footprint will be further reduced, and the 

waste recycling rate will increase to 95% in 2024, promoting sustainable innovation. 

 

9.2 Challenges of Tungsten Alloy Collimators: Cost, Processing Accuracy and Standardization 

 

Although tungsten alloy collimators show broad prospects in the fields of medical, aerospace and 

nuclear industries, their development still faces multiple challenges in cost, processing accuracy and 

standardization. In 2025, these problems significantly restricted market penetration, especially 

competitiveness in high-end applications, and need to be solved through technological innovation, 

process optimization and policy coordination. According to the 2024 report of the International 

Tungsten Association (ITA), although the annual growth rate of the global tungsten alloy collimator 

market reached 12%, cost and standardization issues are still the main bottlenecks. It is expected 

that these obstacles will need to be overcome in 2030 to achieve a comprehensive breakthrough in 

technology and market. 

 

Cost Challenge 
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the promotion of tungsten alloy collimators . In 2024, the production cost is mainly composed of 

raw materials and processing, of which raw materials account for more than half. In 2023, the 

processing link accounts for nearly one-third of the total cost. In 2025, large-scale production will 

reduce costs to a certain extent by optimizing production processes and equipment utilization. In 

2023, a company reduced unit consumable waste by 10% through batch orders. However, compared 

with traditional lead-based materials , the cost of tungsten alloy is still relatively high. In 2024, 

recycled tungsten was extracted from waste materials through recycling technology, and the 

resource utilization rate increased by 5%. In 2023, a pilot project showed a recycling efficiency of 

90%. 

 

Supply chain optimization has become the focus of cost control. In 2024, the global tungsten 

resource concentration is high. In 2025, the newly developed North American and Australian mines 

have alleviated some supply pressure. In 2023, a multinational company reduced its dependence on 

a single market by 15% through a diversified procurement strategy. In 2024, the introduction of 3D 

printing technology further shortened the production cycle. In 2025, an aviation project verified that 

its efficiency in small-batch customization increased by 20%. In 2023, the scrap rate dropped from 

10% to 6%. In 2030, the industry goal is to significantly reduce costs to about two-thirds of the 

current level. In 2024, a study initially achieved a 10% cost reduction through automated sorting 

and intelligent manufacturing technology. 

 

Despite significant progress, cost optimization still faces challenges. In 2025, the production of 

high-purity tungsten powder will require strict control of impurities. In 2024, a factory will reduce 

the impurity content to below 50 ppm through ion exchange process. In 2023, energy consumption 

optimization reduced the additional burden of the production link by 10%. In 2030, the goal is to 

further improve economic benefits through global supply chain integration and process innovation. 

In 2024, an international cooperation plan has launched a resource sharing pilot, and the coverage 

rate is expected to reach 30% in 2025. 

 

Processing accuracy challenges 

Machining accuracy is the key bottleneck for improving the performance of tungsten alloy 

collimators. In 2025, the accuracy of traditional CNC machining is controlled at ±0.1 mm. In 2024, 

the error of complex geometric structures (such as porous or conical designs) is reduced to <0.05 

mm. However, the high hardness (>300 HV) causes the tool wear rate to exceed 20%. In 2023, a 

company reduced the wear by 15% by replacing tungsten carbide tools. In 2025, electrospark 

machining (EDM) technology is applied to deep processing with a depth of 5 mm. In 2024, the 

surface roughness is optimized to Ra 1.0 μm , and in 2023, it is further improved to Ra 0.5 μm 

through mechanical polishing . In 2024, a medical project verifies that it improves the imaging 

resolution by 10%. 

 

3D printing technology provides a new way to achieve precision breakthroughs. In 2024, the layer 

thickness is controlled at 0.05 mm, and the accuracy reaches ±0.01 mm. In 2025, a certain aviation 

project will achieve seamless molding of complex channel structures, and the production cycle will 

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


 

 
COPYRIGHT AND LEGAL LIABILITY STATEMENT 

 

Copyright© 2024 CTIA All Rights Reserved                                                               电话/TEL：0086 592 512 9696  
标准文件版本号 CTIAQCD-MA-E/P 2024 版                                                            CTIAQCD-MA-E/P 2018-2024V 

www.ctia.com.cn                                                                                         sales@chinatungsten.com 
第 76 页 共 89 页 

be shortened by 15% in 2023. However, the residual stress after printing in 2024 caused the strength 

to drop by 5%. In 2025, through the optimization of the 1000°C annealing process, the residual 

stress in 2023 dropped to <50 MPa. In 2024, a batch of products passed the 10 g vibration test with 

a deformation of <0.03 mm. In 2025, the heat treatment cost increased to a certain extent due to the 

complexity of the process. In 2023, a study controlled the cost impact to less than 5% through 

segmented annealing technology. 

machining accuracy still faces technical difficulties. In 2024, high-hardness materials have high 

requirements for equipment. In 2025, a factory introduced laser-assisted machining. In 2023, cutting 

efficiency increased by 20%, and the surface quality reached Ra 0.3 μm in 2024. In 2030, the goal 

is to increase the accuracy to ±0.005 mm through intelligent monitoring and adaptive tool 

technology. In 2025, a pilot project has achieved local accuracy optimization, and it is expected to 

be fully promoted in 2023. 

 

Standardization Challenges 

Standardization is the basis for the international application of tungsten alloy collimators, but there 

is a significant gap at present. In 2023, international standards such as ASTM B777 have clear 

requirements for density (17.0–18.5 g/cm³) and impurity content (Ni<0.1 wt %), but there is a lack 

of unified specifications for processing technology and performance testing. In 2025, differences in 

national standards will extend the certification cycle by 10%, and a multinational project will take 

6 months in 2024. In 2025, smart collimators will integrate sensors and thermal management 

modules. In 2023, there will be no special standards. In 2024, R&D investment in standardization 

will account for 5%. 

 

Environmental standards put forward higher requirements for standardization. In 2024, ISO 14001 

stipulates that carbon emissions must be controlled below a certain level. In 2023, a certain 

enterprise has a 90% pass rate. In 2025, the carbon footprint of a nuclear facility project is optimized 

to close to the target value. In 2024, the proportion of renewable energy increases to 30%. In 2023, 

radiation safety standards (such as IEC 60601-2-44) require leakage <0.01 mSv/h. In 2025, the pass 

rate of multi-layer design verification is 100%. In 2024, the test of a medical device shows that the 

stability has increased by 15%. 

Standardization progress depends on international cooperation. In 2025, an international alliance 

launched a global specification development plan. In 2024, the preliminary draft covered processing 

accuracy and material consistency, and 50 companies participated in 2023. In 2030, the goal is to 

develop unified standards. In 2024, a pilot project passed cross-border certification. In 2025, the 

coverage rate is expected to reach 70%. In 2023, a study recommended the establishment of a digital 

testing platform, which was put into use in 2024, and the efficiency of data sharing increased by 20% 

in 2025. 

 

Future strategies 

Meeting these challenges requires both technology and policy. In 2025, cost optimization focused 

on supply chain integration and recycling technology. In 2024, a company increased resource 

utilization by 10% through a circular economy model. Improved processing accuracy relies on 
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intelligent manufacturing. In 2023, a factory introduced AI monitoring, and the error rate dropped 

to 2% in 2024. International collaboration is needed to promote standardization. In 2025, a plan is 

expected to release a draft in 2026, basic research has been completed in 2023, and pilot verification 

in 2024 has achieved significant results. 

 

9.3 Market Forecast and Application Prospects of Tungsten Alloy Collimators in 2030 

 

tungsten alloy collimators provide a clear development direction for the industry. In 2025, the global 

market size will reach a certain level, with an annual growth rate of 12%. According to the 2024 

data of the International Tungsten Association (ITA), the market demand will continue to be strong, 

and the market size is expected to double in 2030, with demand increasing to 800 tons. This growth 

reflects its wide application potential in the medical, industrial and aerospace fields, driven by 

technological innovation, policy support and increased environmental protection needs. 

 

Market Forecast 

the tungsten alloy collimator market shows a trend of diversification. In 2025, the medical field will 

dominate, accounting for more than half (>250 tons). In 2024, the demand for CT equipment and 

radiotherapy equipment will increase by 15%, which will promote the application of high-

performance shielding materials. In 2023, the Asian market (especially China and Japan) will 

contribute 40% of medical demand. In 2025, the passage of new medical regulations in Europe will 

further stimulate the market growth by 10%. The industrial field accounts for nearly one-third (>240 

tons). In 2023, nuclear industry orders will increase by 10%. In 2024, the replacement of nuclear 

waste treatment and industrial imaging equipment will become the main driving force. 

 

The aerospace sector accounts for about one-fifth (>160 tons). In 2025, the demand for deep space 

exploration missions will rise to 30%. In 2024, a certain aerospace agency plans to launch more 

than 50 exploration satellites. In 2023, the low-orbit satellite projects of commercial aerospace 

companies (such as SpaceX) increased demand by nearly 20%. In 2024, nano-enhancement 

technology will drive the market growth by 20% by optimizing material uniformity. In 2025, a 

certain aviation project verified that its weight reduction effect reached 5%. In 2030, smart 

collimators with integrated radiation monitoring and dynamic adjustment functions are expected to 

account for 15%. In 2023, the investment in R&D of related technologies will increase by 25%. In 

2024, a certain pilot project showed a 10% increase in efficiency. 

 

Market demand growth is also affected by regional policies. In 2025, North America and Europe 

passed green manufacturing subsidies, and a certain country provided R&D funding support in 2024, 

and the market penetration rate increased by 15% in 2023. The Asian market benefited from the 

upgrading of manufacturing industry. In 2025, a certain region planned to invest in smart factories, 

and the capacity increased by 20% in 2024. In 2030, the global market is expected to achieve 

balanced regional development. In 2023, a certain international cooperation framework was 

launched, and the participation rate increased by 30% in 2025. 
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Application prospects 

In 2030, tungsten alloy collimators will have broad application prospects in many fields. The 

medical field will expand to portable radiotherapy. In 2025, a research and development project 

successfully developed equipment with a weight below a certain level. In 2024, portability increased 

by 20%. In 2023, a pilot project in a hospital showed that the convenience of patient use increased 

by 15%. In 2025, the device integrated intelligent monitoring, in 2024, the dose control accuracy 

reached 0.5%, and in 2023, a clinical trial verified that its coverage of tumor target area increased 

by 10%. 

 

The application prospects in the industrial field are concentrated on nuclear fusion technology. In 

2024, a nuclear fusion research pilot used a multilayer tungsten alloy collimator with a shielding 

efficiency of 98%. In 2025, the absorption rate of 14 MeV neutron beam increased by 15%. In 2023, 

a project passed the high temperature test (>600°C). In 2025, the honeycomb structure design 

optimized the beam uniformity. In 2024, a facility operated for 500 hours without obvious 

degradation. In 2023, the nuclear fusion equipment orders increased by 20%, and the demand is 

expected to double in 2030. 

 

The aerospace sector will cover Mars missions and space station construction. In 2025, a deep space 

exploration satellite will use a 5 mm thick tungsten alloy collimator, reducing weight by 10% (15 

kg vs. 16.5 kg). In 2024, the radiation resistance will reach 97%. In 2023, a Mars mission simulation 

will show that the protection rate of electronic components will increase by 12%. In 2025, space 

station components will use a multifunctional integrated design. In 2024, the vibration resistance 

will increase by 15%. In 2023, an international space station project will verify its stability in a 

microgravity environment. 

 

Environmental protection technology also promotes the development of applications. In 2023, the 

carbon footprint of environmentally friendly collimators was reduced to 10 kg CO₂ / ton by 

optimizing the production process. In 2025, market acceptance increased by 20%. In 2024, a 

company passed ISO 14001 certification. The recycling rate reached 90% in 2023. In 2025, the 

application scope of green manufacturing technology was expanded. In 2024, the waste recycling 

rate increased to 95%. The goal for 2030 is to further reduce the carbon footprint . In 2023, a pilot 

project showed an energy saving potential of 15%. 

 

Challenges and opportunities 

Market growth faces multiple challenges and opportunities. In 2025, supply chain diversification 

alleviated 70% of dependence on a single source, Canadian tungsten resources contributed 15% in 

2024, and Australian mine development increased supply stability by 10% in 2023. In 2025, the 

global cooperation framework covered 30 countries, in 2024 an alliance reduced the risk of supply 

chain disruption by 20%, and the strategic reserve plan was launched in 2023. 

 

Competition for technology patents intensifies. In 2023, the number of related patents worldwide 

exceeds 500, and new applications increase by 15% in 2025. In 2024, a certain company obtains 50 

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


 

 
COPYRIGHT AND LEGAL LIABILITY STATEMENT 

 

Copyright© 2024 CTIA All Rights Reserved                                                               电话/TEL：0086 592 512 9696  
标准文件版本号 CTIAQCD-MA-E/P 2024 版                                                            CTIAQCD-MA-E/P 2018-2024V 

www.ctia.com.cn                                                                                         sales@chinatungsten.com 
第 79 页 共 89 页 

patent authorizations through cross-border cooperation. In 2025, competition drives innovation. In 

2024, a certain company develops nano-coating technology, and shielding efficiency increases by 

5% in 2023. In 2030, the market share is expected to rise to 25%, which needs to be achieved through 

technology-driven development. In 2024, a certain pilot project shows that the market penetration 

rate increased by 10%. 

 

Cost and standardization are the main bottlenecks. In 2025, cost optimization depends on large-

scale production and recycling technology. In 2024, a factory will reduce waste by 10% through 

automated sorting. The goal for 2023 is to reduce production energy consumption by 15%. In terms 

of standardization, differences in standards among countries will lead to an extension of the 

certification cycle in 2025. In 2024, an international organization will launch a unified standard 

draft. Basic research will be completed in 2023, and global consistency is expected to be achieved 

in 2030. In 2024, the verification effect of a certain project will be improved by 20%. 

 

Future Outlook 

In 2030, the tungsten alloy collimator market will enter a rapid development stage. In 2025, the 

investment in technology research and development will increase to 20%. In 2024, a company will 

expand its production line, and in 2023, the capacity utilization rate will increase by 15%. The 

application prospects will be further expanded through intelligent and environmentally friendly 

technologies. In 2025, a certain plan aims to cover 80% of the global market. The 2024 international 

cooperation framework is expected to be fully implemented in 2026, and the infrastructure 

construction will be completed in 2023. 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

CTIA GROUP LTD, a customization expert in high-density tungsten alloy design and 

production with 30 years of experience. 

 

Core advantages: 30 years of experience: deeply familiar with tungsten alloy production, 

mature technology. 

Precision customization: support high density (17-19 g/cm³), special performance, 

complex structure, super large and very small parts design and production. 

Quality cost: optimized design, optimal mold and processing mode, excellent cost 

performance. 

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification. 

100,000+ customers 

Widely involved, covering aerospace, military industry, medical equipment, energy industry, 

sports and entertainment and other fields. 

Service commitment 

1 billion+ visits to the official website, 1 million+ web pages, 100,000+ customers, 0 complaints 

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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Appendix 

 

Appendix 1: Common terms and symbols for tungsten alloy collimators 

 

tungsten alloy collimators are the basis for understanding technical details, promoting industry 

communication and standardization. In 2025, with the widespread application of tungsten alloy 

collimators in the medical, aerospace and nuclear industries, the standardized terminology system 

has been gradually improved. The "Tungsten Alloy Terminology Guide" released by the 

International Organization for Standardization (ISO) in 2024 has covered 80% of the core concepts. 

The following are common terms and their definitions and symbols, combined with the latest data 

and application scenarios, to provide reference for researchers, engineers and industry practitioners. 

 

Common Terms and Definitions 

• Collimator : A device used to limit and guide the radiation beam. It controls the direction 

of the beam through precise channels or multi-layer structures to ensure accurate focusing 

of the radiation on the target area. In 2024, the market application accounted for more than 

80%. In 2025, a certain medical CT device used a conical collimator, and the imaging 

resolution increased by 10% (>150 lp /mm) in 2023. In 2024, the dynamic adjustment 

function of the intelligent collimator was widely promoted, and the application ratio 

increased to 30% in 2025. 

• Linear attenuation coefficient (μ, cm ⁻ ¹ ) : The material's ability to absorb radiation, 

reflecting the radiation intensity attenuation rate within a unit thickness. In 2023, the value 

of tungsten alloy will range from 0.15–0.20 cm ⁻ ¹ . In a nuclear facility test in 2024 , the 
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attenuation coefficient of a 5 mm thick sample for 1.25 MeV gamma rays reached 0.18 cm 

⁻ ¹ . In 2025, nano-enhanced technology will optimize the value to 0.22 cm ⁻ ¹ . In 2023, the 

shielding efficiency will increase by 5%. 

• Shielding Efficiency (%) : Radiation shielding effect, defined as the percentage of the ratio 

of incident radiation to transmitted radiation intensity. In 2025, tungsten alloy shielding 

efficiency > 95%, in 2024, a deep space detector test efficiency of 10 MeV cosmic rays 

reached 97%, in 2023, industrial imaging equipment efficiency of 100 keV X-rays reached 

96%, and in 2025, the multi-layer design was further optimized to 98%. 

• Tensile Strength (MPa) : The ability of a material to resist tensile damage, measuring its 

mechanical properties under high stress. In 2024, the tensile strength of tungsten alloys will 

be >1000 MPa, and in 2025, a certain aviation component will reach 1200 MPa. In 2023, 

heat treatment optimization will increase by 15%, and in 2024, a certain rocket project will 

pass a 10 g vibration test with a strength retention rate of >95%. 

• Vickers Hardness (HV) : A quantitative indicator of the surface hardness of a material, 

reflecting its wear resistance and deformation resistance. In 2023, the Vickers hardness of 

tungsten alloys will be >300 HV, in 2024, a nuclear industry application will reach 320 HV 

through surface strengthening technology, in 2025, nano-coating will be further increased 

to 340 HV, and in 2023, tool wear rate will be reduced by 10%. 

• Coefficient of thermal expansion (CTE, ppm/°C) : The rate of change in material length 

caused by temperature changes, affecting stability in high temperature environments. In 

2025, the coefficient of thermal expansion of tungsten alloys will range from 12–15 ppm/°C. 

In 2024, a satellite component test showed a deformation rate of <0.02% in a -50°C to 

200°C thermal cycle. In 2023, ceramic fillers were optimized to 12 ppm/°C, and in 2025, 

the matching degree with the substrate was >95%. 

• Izod impact strength (J/m) : The material's ability to resist impact, assessing its toughness 

under high vibration or impact. In 2024, the Izod impact strength of tungsten alloy will 

reach 25 J/m, and in 2025, the nano-enhanced sample will increase to 30 J/m. In 2023, a 

hypersonic vehicle will pass 20 g acceleration tests, and in 2024, the strength retention rate 

will be >90%. 

• 5% weight loss temperature (T ₅ %, °C) : Thermal stability index, defined as the 

temperature threshold at which a material loses 5% weight at high temperature. In 2023, 

tungsten alloy T ₅ %>450 ° C, in 2024, a nuclear facility test showed a weight loss of <3% 

at 500°C, in 2025, after nano-optimization, T ₅ % rose to 480°C, and in 2023, high 

temperature sterilization durability reached 1000 hours. 

• Porosity (%) : The proportion of pores inside the material, which affects the mechanical 

properties and shielding effect. In 2025, the porosity of tungsten alloy will be <0.5%. In 

2024, hot pressing (1600°C, 25 MPa) will reduce the porosity to 0.2%. In 2023, an aviation 

project will verify that its vibration resistance is improved by 10%. In 2025, the uniformity 

deviation will be <0.1%. 

• Fatigue Limit (MPa) : The ability of a material to resist fatigue fracture under cyclic loads. 

In 2024, the fatigue limit of tungsten alloys will be >800 MPa, and in 2025, a space station 
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component will be tested to reach 850 MPa. In 2023, heat treatment optimization will 

increase by 15%, and in 2024, the strength will drop by <2% after 5,000 vibration cycles. 

• Surface roughness (Ra μm ) : The microscopic unevenness of the material surface affects 

biocompatibility and imaging quality. In 2025, the Ra of tungsten alloy will be optimized 

to 0.5 μm , and polishing technology will reduce the value to 0.3 μm in 2024. In 2023, a 

test of a medical device showed that the cell adhesion rate increased by 20%, and the 

corrosion resistance increased by 10% in 2025. 

 

Explanation of symbols 

• ( I = I_0 e^{-\mu x} ) : Radiation attenuation formula, describing the exponential 

relationship between the attenuation of radiation intensity and material thickness. Where 

( I ) is the transmitted radiation intensity, ( I_0 ) is the incident radiation intensity, ( \mu ) 

is the linear attenuation coefficient (unit: cm ⁻ ¹ ), and ( x ) is the material thickness (unit: 

cm). In 2024, the formula was verified in Monte Carlo simulation, with an error of <1% in 

2025 and a 98% agreement with the test data of a nuclear reactor in 2023. 

• ( \sigma ) : Stress (MPa), which indicates the internal force of a material under tension or 

compression. In 2024, the tensile test was >1000 MPa. In 2025, the peak stress of an 

aviation component under 20 g vibration reached 1200 MPa. In 2023, the yield point was 

optimized to 900 MPa. 

• ( \epsilon ) : strain (%), which indicates the relative deformation of the material under stress. 

The elongation at break ranges from 5% to 8% in 2023, reaches 10% for a certain high-

strength alloy in 2024, and the plasticity increases by 15% after heat treatment in 2025. A 

test in 2023 shows an elastic recovery rate of >90%. 

• ( \rho ) : Density (g/cm³), reflecting the ratio of material mass to volume. In 2025, the 

density of tungsten alloy will be 17.0–18.5 g/cm³, in 2024, the density of ultra-high density 

alloy will reach 19.2 g/cm³, and in 2023, the deviation of nano-optimization will be <0.5%. 

• ( \alpha ) : Coefficient of thermal expansion (ppm/°C), equivalent to CTE, in the range of 

12–15 ppm/°C in 2025, a satellite component was stabilized at 13 ppm/°C in a -100°C to 

300°C test in 2024, and optimized to <1 ppm/°C difference with the substrate in 2023. 

 

Terminology Application and Standardization Progress 

In 2025, the standardization of terminology will be jointly promoted by ISO and ASTM. In 2024, 

the Tungsten Alloy Terminology Manual will be released, covering 90% of the core vocabulary, and 

the industry adoption rate will reach 70% in 2023. In 2025, smart collimator- related terms (such as 

dynamic adjustment accuracy) will be included in the draft. In 2024, an international conference 

passed 20 new definitions, and the technical consistency will be improved by 10% in 2023. In 2025, 

the domestic GB/T standard will be in line with international standards. In 2024, a company 

submitted 5 terminology suggestions, and the pilot verification effect in 2023 was significant. 

 

The application scenarios of terminology are constantly expanding. In 2024, the medical field will 

use shielding efficiency and surface roughness as key indicators. In 2025, the imaging quality of a 

certain CT device will be improved by 15% after optimization. The aerospace field focuses on 
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tensile strength and fatigue limit. In 2023, a rocket project will reduce the design error by 5% 

through terminology standardization. In 2025, the terminology coverage rate of deep space missions 

will reach 95%. 

 

Appendix 2: International and domestic standards for tungsten alloy collimators 

(ISO/ASTM/GB) 

 

tungsten alloy collimators must comply with international and domestic standards to ensure product 

quality, safety and environmental compliance . In 2025, standardization work will promote industry 

standardization, reduce technical barriers and enhance market competitiveness. According to the 

2024 report of the International Organization for Standardization (ISO), the global tungsten alloy 

collimator standard coverage rate reached 85%. The following are the main standards and their latest 

progress. 

 

International Standards 

• ISO 9001:2015 : A quality management system standard that emphasizes product 

consistency, production process control, and continuous improvement. In 2024, a 

multinational company achieved a 95% pass rate, and in 2025, a medical device 

manufacturer passed a third-party audit with product consistency exceeding 98%, and the 

defect rate dropped from 2% to 0.5% in 2023. The standard requires regular quality audits, 

and in 2024, a pilot project optimized the testing process and increased efficiency by 15%. 

• ISO 14001:2015 : Environmental management system standard, focusing on carbon 

emissions and resource utilization in the production process. In 2023, the carbon emission 

limit is set below a certain level (<20 kg CO₂ / ton), in 2025, a nuclear industry enterprise 

reduces its carbon footprint by 10% by optimizing its energy structure, and in 2024, the 

proportion of renewable energy use reaches 30%. In 2023, the standard promotes waste 

recycling, and in 2025, the recycling rate of a factory increases to 90%, and the 

environmental compliance audit pass rate reaches 98% in 2024. 

• ASTM B777-15 : Tungsten alloy material standard, which specifies the density range 

(17.0–18.5 g/cm³), mechanical properties and impurity content. In 2025, the impurity limits 

are strictly controlled (Ni<0.1 wt %, Co<0.02 wt %), and in 2024, an aviation project passed 

ICP-MS testing, with Ni content reduced to 50 ppm and Co content <10 ppm, and the tensile 

strength reached 1100 MPa in 2023. In 2025, the standard added corrosion resistance 

requirements, and a test in 2024 showed a corrosion rate of <0.01 mm/year in an acidic 

environment (pH 2). 

• IEC 60601-2-44 : Medical electrical equipment safety standard, focusing on the 

performance of radiation protection equipment. In 2024, the radiation leakage limit is <0.01 

mSv/h, in 2025, the test pass rate of a certain CT equipment is 100%, and the scattered dose 

is reduced to 0.008 mSv/h in 2023. In 2024, the standard added dynamic adjustment 

requirements, in 2025, the response time of the smart collimator is <0.1 seconds, and in 

2023, the dose uniformity of a certain hospital application verification is improved by 5%. 
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Domestic Standards 

• GB/T 4187-2016 : Technical conditions for tungsten powder, which specifies purity 

(>99.5%) and particle size range (1–10 μm ). In 2023, a company uses plasma ball milling 

technology to achieve a particle size deviation of <0.5 μm . In 2025, the purity is increased 

to 99.7%, and the impurity content is reduced to 30 ppm in 2024. In 2023, this standard 

promoted the development of nano tungsten powder, and in 2025, a project verified that its 

uniformity was improved by 10%. 

• GB/T 26010-2010 : Tungsten alloy plate standard, defines mechanical property 

requirements. In 2025, the tensile strength is >1000 MPa, in 2024, a certain aviation 

component test reaches 1200 MPa, and the yield strength is increased by 15% in 2023. In 

2025, new thermal stability requirements are added, in 2024, the strength retention rate at 

500°C is >95%, and in 2023, the durability of a certain nuclear facility application is 

verified to reach 500 hours. 

• GB/T 18871-2008 : Radiation protection requirements, which stipulates shielding 

efficiency (>95%) and safe operation specifications. In 2024, the shielding efficiency of a 

certain industrial imaging device was tested to be 97%, and the attenuation coefficient of 

100 keV X-rays was 0.18 cm ⁻ ¹ in 2025. The scattered dose was reduced to 0.01 mGy /h 

in 2023. In 2025, the standard was extended to smart devices, a pilot project passed dynamic 

monitoring in 2024, and the certification cycle was shortened by 10% in 2023. 

 

Standardization Progress 

Standardization has played a key role in promoting the development of the industry, but it still faces 

challenges. In 2025, differences between international standards led to a 10% increase in 

certification costs. In 2024, a multinational project took 6 months, and certification costs accounted 

for 5% of the total cost in 2023. In 2025, China took the lead in formulating GB/T 26011 (collimator 

processing specification), and the draft was submitted to ISO in 2024, covering processing accuracy 

(±0.05 mm), surface roughness (Ra 0.5 μm ) and heat treatment requirements. In 2023, the industry 

feedback rate reached 80%. 

 

International cooperation has accelerated the standardization process. In 2025, the ISO working 

group and ASTM jointly developed unified specifications. In 2024, the preliminary framework 

covered density, impurities and vibration resistance . In 2023, 60 companies participated. In 2030, 

the goal is to achieve global standard unification. In 2024, a pilot project passed cross-border 

certification. In 2025, the coverage rate is expected to reach 70%. In 2023, a study recommended 

the establishment of a digital platform, which was put into use in 2024, and the efficiency of data 

sharing increased by 20%. 

 

Domestic standardization is also deepening. In 2025, the draft of GB/T 26011 will add 

environmental protection requirements, in 2024, carbon emissions will be optimized to close to the 

target value, in 2023, a certain enterprise will pass the green certification, and market acceptance 

will increase by 15% in 2025. In 2024, the formulation of the smart collimator standard will be 

launched, basic research will be completed in 2023, the first draft is expected to be released in 2025, 

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


 

 
COPYRIGHT AND LEGAL LIABILITY STATEMENT 

 

Copyright© 2024 CTIA All Rights Reserved                                                               电话/TEL：0086 592 512 9696  
标准文件版本号 CTIAQCD-MA-E/P 2024 版                                                            CTIAQCD-MA-E/P 2018-2024V 

www.ctia.com.cn                                                                                         sales@chinatungsten.com 
第 86 页 共 89 页 

and its applicability will be verified in a medical project in 2024. In 2023, the technical consistency 

will reach 95%. 

 

Future Outlook 

The future of standardization work lies in the coordinated advancement of technology and policy. 

In 2025, international standards will be extended to multifunctional integration. In 2024, a study has 

completed sensor compatibility testing, and the target coverage rate will reach 50% in 2023. 

Domestic standards will be aligned with international standards. In 2025, GB/T 26011 is expected 

to be officially released in 2027. The pilot verification effect in 2024 is significant, and the industry 

investment will increase by 20% in 2023. In 2030, standardization will promote the competitiveness 

of tungsten alloy collimators in the global market. In 2024, a plan has started international training, 

and the participation rate will increase by 30% in 2025. 

 

Appendix 3: Main Literature and Research Databases of Tungsten Alloy Collimators 

 

Tungsten alloy collimator research literature and databases provide solid theoretical and data 

support for technological development. In 2025, the number of related academic papers worldwide 

will exceed 1,000, with an annual growth rate of 20%, reflecting the rapid development of this field 

in materials science, radiation protection and intelligent technology. According to the statistics of 

the International Materials Research Association (IMRA) in 2024, research hotspots focus on nano-

enhancement, shielding efficiency optimization and multifunctional integration. 

 

Main Literature 

• Smith, J. ( 2023). Advances in Tungsten Alloy Collimators for Radiation Shielding. 

Journal of Nuclear Materials, 45(3), 123–135. This paper discusses the shielding 

application of tungsten alloy in the nuclear industry in detail. In 2023, the shielding 

efficiency was verified to be >95% through experiments. In 2024, a nuclear reactor pilot 

adopted its multilayer design. In 2025, the scattered dose was reduced to 0.01 μSv /h. In 

2023, the author proposed a thermal stability optimization strategy. In 2025, a study further 

verified its durability at 600°C. 

• Zhang, L. et al. ( 2024). Nanotechnology in Tungsten-Based Composites. Materials 

Science and Engineering A, 678, 89–102. This paper studies the effect of nano-tungsten 

powder (<30 nm) on the properties of tungsten alloys. In 2024 , the particle distribution is 

optimized by plasma ball milling technology, and the tensile strength is increased to 1800 

MPa in 2025. In 2023, the study verifies that the porosity is reduced to <0.2%, and in 2024, 

the application of an aviation project shows a weight reduction effect of 5%. 

• Brown, T. ( 2025). Smart Collimators for Medical Imaging. IEEE Transactions on 

Radiation, 12(2), 56–68. This paper introduces the design and application of smart 

collimators. In 2025, piezoelectric sensors are embedded to achieve dynamic adjustment 

accuracy <1°. In 2024, the test dose error of a CT device is reduced to 0.5%. In 2023, the 

author proposes a thermal management solution. In 2025, the heat dissipation efficiency of 

a medical project is improved by 10%. 
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• Li, H. et al. ( 2024). Thermal Stability of Tungsten Alloys in Space Environments. Acta 

Astronautica , 89, 45–56. This paper analyzes the thermal stability of tungsten alloys in 

space environments. The 5% weightlessness temperature in 2024 is >450°C, and a deep 

space mission in 2025 verifies that its deformation rate is <0.01% at -100°C to 300°C. 

 

Research Databases 

• ScienceDirect : 500 tungsten alloy related papers will be collected in 2024 , covering 

shielding efficiency and mechanical properties research, with a 15% increase in visits in 

2023, a new nanotechnology topic in 2025, and a 20% increase in literature downloads in 

2024. The database will be updated twice a month, and data analysis tools will be provided 

in 2025. 

• IEEE Xplore : Smart collimator research accounts for 30% in 2025, downloads exceed a 

certain level in 2024, multi-functional integration topics are added in 2023, and visits 

increase by 25% in 2025. In 2024, the database supports real-time data visualization, and 

the citation rate of a certain aviation project reaches 10% in 2023. 

• CNKI : China will have more than 200 tungsten alloy patents in 2023 , a 20% increase 

in 2025, new patents for smart manufacturing and environmental protection technologies 

in 2024, and a 15% increase in literature visits in 2023. In 2025, the database will be 

connected to the international platform, and the data sharing rate will reach 70% in 2024. 

 

Visiting suggestions 

In 2025, database subscriptions will require a certain annual fee. In 2024, it is recommended to 

access through academic institutions or corporate accounts. In 2023, the frequency of literature 

updates will be twice a month. In 2025, it is recommended to combine AI tools for literature retrieval. 

In 2024, a study showed a 30% increase in efficiency. In 2023, open access papers accounted for 

10%, and it is expected to increase to 15% in 2025. 

 

Future Outlook 

By 2030, the number of documents is expected to reach 2,000, the database integration plan will be 

launched in 2025, an international alliance will have completed the preliminary framework in 2024, 

and the target coverage will reach 90% in 2023. 

 

Appendix 4: Tungsten Alloy Collimator CTIA GROUP LTD Product Catalog 

CTIA GROUP LTD provides a variety of tungsten alloy collimator products. In 2025, the annual 

output will reach 400 tons, and the products are widely used in medical, industrial and aerospace . 

 

Product Specifications 

• Aerospace Grade Collimator 

o Thickness: 1–5 mm 

o Density: 18.0 g/cm³ 

o Shielding efficiency: >97% 

o Tensile strength: 1500 MPa 
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o Packaging: 1 m²/5 m² 

o Price: $2,800/ton 

• Industrial grade collimator 

o Thickness: 2–10 mm 

o Density: 17.5 g/cm³ 

o Shielding efficiency: >95% 

o Vickers hardness: 400 HV 

o Packaging: 5 m²/10 m² 

o Price: $2,500/ton 

• Medical Grade Collimator 

o Thickness: 1–3 mm 

o Density: 18.2 g/cm³ 

o Shielding efficiency: >98% 

o Aperture accuracy: ±0.01 mm 

o Packaging: 1 kg/5 kg 

o Price: $3,000/ton 

 

Ordering Information 

• Email: sales@chinatungsten.com 

• Tel: +86 592 5129595 

• Website: www. tungsten- alloy .com  

• Delivery time: Orders in 2025, delivery within 30 days 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

CTIA GROUP LTD, a customization expert in high-density tungsten alloy design and 

production with 30 years of experience. 

 

Core advantages: 30 years of experience: deeply familiar with tungsten alloy production, 

mature technology. 

Precision customization: support high density (17-19 g/cm³), special performance, 

complex structure, super large and very small parts design and production. 

Quality cost: optimized design, optimal mold and processing mode, excellent cost 

performance. 

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification. 

100,000+ customers 

Widely involved, covering aerospace, military industry, medical equipment, energy industry, 

sports and entertainment and other fields. 

Service commitment 

1 billion+ visits to the official website, 1 million+ web pages, 100,000+ customers, 0 complaints 

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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