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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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Chapter 1: Introduction and Overview 
 

1.1 Introduction 
Cut-Resistant Tungsten Wire, as a high-performance engineering material, holds a significant 
position in modern industry and scientific research due to its unique physical and chemical 
properties. It serves not only as a paradigm of the intersection between materials science and 
engineering technology but also provides critical support across multiple industries. 
 
1.1.1 Definition and Importance of Cut-Resistant Tungsten Wire 
Cut-resistant tungsten wire is a fine wire primarily composed of tungsten (W, atomic number 74), 
optimized through doping or alloying processes to exhibit exceptional tensile strength (exceeding 
4000 MPa), outstanding wear resistance, and high-temperature stability (melting point 
approximately 3422°C). Typically ranging from micrometers to millimeters in diameter, it can 
withstand extreme mechanical stress and thermal loads, making it particularly suitable for precision 
cutting and functional applications in high-temperature environments. Compared to ordinary 
tungsten wire, cut-resistant tungsten wire is specifically engineered to enhance performance in 
cutting applications, such as serving as an electrode wire in electrical discharge machining (EDM) 
or as a high-strength substrate in diamond wire saws. 
 
Its importance manifests across multiple dimensions. In manufacturing, the durability of cut-
resistant tungsten wire significantly improves processing precision and efficiency, enabling 
submicron tolerances (less than 1 μm) in applications like semiconductor wafer cutting. Its high-
temperature resistance and oxidation resistance make it indispensable in aerospace (e.g., as 
reinforcement material in rocket nozzles) and the electronics industry (e.g., as filaments in X-ray 
tubes). Furthermore, tungsten’s high density (19.25 g/cm³) and corrosion resistance expand its 
potential in defense (e.g., armor-piercing materials) and energy sectors (e.g., nuclear reactor 
components). As a representative achievement at the crossroads of materials science and 
engineering, cut-resistant tungsten wire drives technological progress and serves as a vital tool for 
addressing complex engineering challenges. 
 
1.1.2 Purpose of Writing This Book and Target Audience 
This book aims to provide a comprehensive and systematic introduction to the scientific principles, 
manufacturing processes, performance testing, and wide-ranging applications of cut-resistant 
tungsten wire, addressing the gap in existing literature for a systematic study of this specialized 
material. By integrating the latest academic research and industrial practical experience, the book 
not only outlines the current state of cut-resistant tungsten wire technology but also explores its 
future development directions, offering theoretical support and practical guidance to advance 
material innovation and application expansion. 
 
The target audience includes scholars and engineers engaged in materials science, mechanical 
engineering, and manufacturing technology research, particularly those focused on high-
performance material design, process optimization, and application development. Additionally, the 
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book caters to practitioners in related industries, such as technical professionals in semiconductor 
manufacturing, aerospace, and medical device sectors, as well as university students and graduate 
researchers interested in advanced materials. Whether readers seek theoretical insights or practical 
solutions, this book strives to deliver authoritative and detailed content to facilitate breakthroughs 
in both academic and industrial domains. 
 
1.2 Historical Development of Cut-Resistant Tungsten Wire 
The evolution of cut-resistant tungsten wire mirrors the broader development of tungsten-based 
material technology, progressing through multiple stages of innovation from the initial discovery of 
the metal to its modern high-performance applications. This journey illustrates how it transformed 
from a basic material into a critical component of modern industry. 
 
1.2.1 Discovery and Early Applications of Tungsten Wire 
The discovery of tungsten dates back to the late 18th century. In 1781, Swedish chemist Carl 
Wilhelm Scheele inferred the existence of tungsten through the analysis of tungstic acid ore. 
Subsequently, in 1783, Spanish brothers Juan José Elhuyar and Fausto Elhuyar successfully isolated 
metallic tungsten from tungsten ore. However, due to the limitations of metallurgical technology at 
the time, industrial applications of tungsten did not emerge until the late 19th century. 
 
The early use of tungsten wire began in the early 20th century. In 1904, Hungarian scientists Justus 
von Liebig and Hans Kuzel developed a tungsten wire manufacturing process using powder 
metallurgy and wire-drawing techniques, producing fine tungsten wire initially applied as filaments 
in incandescent lamps. Tungsten’s high melting point and electrical conductivity (resistivity 
approximately 5.6 μΩ·cm) enabled it to quickly replace carbon filaments, becoming the standard 
material in the lighting industry. In 1909, William D. Coolidge of General Electric in the United 
States further refined the tungsten wire production process by adopting ductile tungsten drawing 
methods, expanding its use in electron tubes and heating elements. During this period, tungsten wire 
was primarily pure tungsten, with limited ductility (elongation at break typically below 5%), yet it 
laid the foundation for its development as a high-performance material. 
 
1.2.2 Evolution of Cut-Resistant Tungsten Wire Technology 
As industrial technology advanced, the limitations of pure tungsten wire became evident, 
particularly in applications requiring greater strength and durability. In the early 20th century, the 
introduction of doping technology marked a significant leap in tungsten wire performance. In 1913, 
General Electric pioneered the doping of tungsten wire with potassium (K), controlling its 
microscopic distribution to enhance high-temperature sag resistance. Initially developed to extend 
the lifespan of incandescent lamp filaments, this process laid the technical groundwork for cut-
resistant tungsten wire. Later, the development of tungsten-rhenium (W-Re) alloys further improved 
the wire’s toughness and high-temperature stability, paving the way for broader applications. 
 
The concept of cut-resistant tungsten wire as a specialized material took shape in the mid-20th 
century. In the 1950s, the rise of electrical discharge machining (EDM) technology spurred demand 
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for high-strength, wear-resistant electrode wires, prompting the differentiation of cut-resistant 
tungsten wire from traditional filament production processes. Its manufacturing incorporated 
complex drawing and heat treatment steps to ensure high tensile strength and surface quality at fine 
diameters. By the 1970s, the commercialization of diamond wire saw technology further propelled 
the development of cut-resistant tungsten wire, which became widely used as a substrate for 
diamond particles in the semiconductor and photovoltaic industries. This phase reflects the 
transition of cut-resistant tungsten wire from a general-purpose material to a specialized, high-
performance wire. 
 
1.2.3 Key Milestones and Technological Breakthroughs 
The development of cut-resistant tungsten wire has been shaped by several key milestones and 
technological breakthroughs that define its modern form. In 1927, the successful drawing of ultra-
fine tungsten wire (diameter less than 0.01 mm) emerged as a breakthrough in high-precision 
processing, enabled by advancements in drawing die precision (tolerance ±0.5 μm) and optimized 
annealing processes (temperature controlled between 1200°C and 1500°C). In the 1950s, the 
industrial production of tungsten-rhenium alloys significantly enhanced the wire’s high-temperature 
strength (exceeding 3000 MPa) and fatigue resistance, opening new applications in aerospace (e.g., 
rocket engine components) and electronics (e.g., X-ray tubes). 
 
The widespread adoption of EDM technology in the 1970s marked a turning point for cut-resistant 
tungsten wire applications. As an EDM electrode wire, it demonstrated excellent discharge stability 
(current density up to 10⁶ A/m²) and wear resistance, revolutionizing mold manufacturing and 
precision parts processing. Entering the 21st century, advancements in nanotechnology and surface 
engineering brought further breakthroughs, such as the preparation of nanoscale tungsten wire 
(diameters as low as 20-50 nm) and the application of wear-resistant coatings (e.g., tungsten nitride 
coatings). These milestones not only expanded the functional scope of cut-resistant tungsten wire 
but also solidified its central role in high-tech fields, exemplifying the close interplay between 
materials science and industrial demands. 
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Chapter 2: Material Science Foundations of Cut-Resistant Tungsten Wire 

 
2.1 Basic Properties of Tungsten Wire 
The performance of tungsten wire stems from the unique characteristics of the tungsten element, 
with its high melting point, high density, and excellent mechanical strength forming the foundation 
for the application of cut-resistant tungsten wire in extreme environments. This section explores the 
basic properties of tungsten wire from physical, chemical, and mechanical perspectives. 
 
2.1.1 Physical Properties of Tungsten Wire 
Tungsten (W, atomic number 74) is a transition metal with a body-centered cubic (BCC) structure, 
boasting an exceptionally high melting point of 3422°C—the highest among all pure metals. Its 
boiling point is approximately 5555°C, demonstrating remarkable thermal stability. With a density 
of 19.25 g/cm³, comparable to gold and uranium, tungsten is advantageous in applications requiring 
high mass density. 
 
The thermal conductivity of tungsten wire is 173 W/(m·K) at room temperature, while its electrical 
conductivity is relatively low, with a resistivity of 5.6 μΩ·cm at 20°C, increasing to approximately 
45 μΩ·cm at 2000°C. Its thermal expansion coefficient is small (4.5×10⁻⁶ K⁻¹ at room temperature), 
contributing to dimensional stability at high temperatures. These physical properties enable tungsten 
wire to excel in high-temperature and high-precision environments, such as cut-resistant wire or 
high-temperature heating elements. 
 
Table 2.1.1 Physical Properties of Tungsten Wire 

Property Value Remarks 

Melting Point 3422°C Highest among pure metals 

Boiling Point 5555°C Excellent thermal stability 

Density 19.25 g/cm³ Comparable to gold and uranium 

Thermal Conductivity 173 W/(m·K) At room temperature 

Resistivity 5.6 μΩ·cm (20°C) Rises to 45 μΩ·cm at 2000°C 

Thermal Expansion 4.5×10⁻⁶ K⁻¹ Strong dimensional stability 

 
2.1.2 Chemical Properties of Tungsten Wire 
Tungsten exhibits high chemical stability at room temperature, showing good resistance to corrosion 
from most acids (e.g., hydrochloric acid, sulfuric acid) and alkalis. However, at elevated 
temperatures (>400°C), tungsten reacts with oxygen to form tungsten trioxide (WO₃), which begins 
to sublimate at around 800°C, leading to material loss. Consequently, in high-temperature 
applications, tungsten wire is typically used in vacuum or inert gas environments (e.g., argon or 
nitrogen) to prevent oxidation. 
 
Tungsten has weaker resistance to halogens (e.g., fluorine, chlorine), forming volatile halides (e.g., 
WF₆) at high temperatures. Additionally, it reacts with carbon at elevated temperatures to produce 
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tungsten carbide (WC), a property with potential value in surface modification of cut-resistant 
tungsten wire. These chemical properties determine tungsten wire’s environmental adaptability and 
its limitations under specific conditions. 
 
Table 2.1.2 Chemical Properties of Tungsten Wire 

Reaction Condition Property Product or Effect 

Room Temperature Resistant to acids and alkalis High chemical stability 

High Temperature (>400°C) Reacts with oxygen Forms WO₃, sublimates at 800°C 

High-Temperature Halogens Forms volatile halides e.g., WF₆, weaker resistance 

High-Temperature Carbon Forms tungsten carbide (WC) Applicable in surface modification 

 
2.1.3 Mechanical Properties of Tungsten Wire 
The mechanical properties of tungsten wire are its core advantage as a cut-resistant material. Pure 
tungsten has a tensile strength of approximately 550-1000 MPa at room temperature, which can 
increase to 3000-4000 MPa after wire drawing, depending on diameter and processing techniques. 
Its hardness is high (Vickers hardness of 350-450 HV), but its ductility is low, with an elongation at 
break typically below 5%, indicating some brittleness. 
 
At high temperatures (>1000°C), tungsten’s strength decreases, but doping or alloying (e.g., 
potassium doping or tungsten-rhenium alloys) significantly enhances its high-temperature strength 
and fatigue resistance. For instance, tungsten-rhenium alloys can maintain a tensile strength above 
500 MPa at 2000°C. These mechanical properties enable tungsten wire to withstand high stress and 
wear, making it an ideal choice for cut-resistant applications. 
 
Table 2.1.3 Mechanical Properties of Tungsten Wire 

Property Value Condition or Remarks 

Tensile Strength 

550-1000 MPa Pure tungsten, room temperature 

3000-4000 MPa After wire drawing 

500 MPa (2000°C) Tungsten-rhenium alloy 

Hardness 350-450 HV Vickers hardness 

Elongation at Break <5% Low ductility 

 
2.2 Composition and Structure of Cut-Resistant Tungsten Wire 
The performance of cut-resistant tungsten wire depends not only on tungsten itself but also on its 
composition and microstructure. This section analyzes the differences between pure and alloyed 
tungsten wire, explores their microstructures, and elucidates the effects of doping and alloying. 
 
2.2.1 Differences Between Pure Tungsten Wire and Alloyed Tungsten Wire 
Pure tungsten wire, composed of over 99.95% tungsten, offers the highest melting point and density 
but has poor high-temperature sag resistance and ductility, making it prone to recrystallization at 
elevated temperatures, which leads to grain growth and strength reduction. In contrast, alloyed 
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tungsten wire improves performance through the addition of other elements. For example, tungsten-
rhenium alloys (W-Re, with 3%-26% rhenium) enhance toughness and high-temperature strength, 
commonly used in aerospace components, while tungsten-molybdenum alloys (W-Mo) improve 
corrosion resistance, suitable for specific chemical environments. 
 
Cut-resistant tungsten wire typically employs doping or mild alloying to balance strength and 
processability. Pure tungsten wire has limited applicability in precision cutting, whereas alloyed 
tungsten wire, with tailored compositions, better meets the demands of high-load and extreme 
conditions. 
 
Table 2.2.1 Comparison of Pure Tungsten Wire and Alloyed Tungsten Wire 

Type Composition Advantages Limitations 

Pure Tungsten >99.95% W High melting point, density Poor ductility, recrystallization 

Tungsten-Rhenium W + 3%-26% Re High toughness, strength Higher cost 

Tungsten-Molybdenum W + Mo Enhanced corrosion resistance Slightly lower strength 

 
2.2.2 Microstructure and Crystal Structure 
The microstructure of tungsten wire is significantly influenced by its production process. Pure 
tungsten has a BCC crystal structure with a lattice constant of 3.165 Å. During wire drawing, it 
develops elongated fibrous grains, typically 0.1-10 μm in size, aligned along the drawing direction. 
This fibrous structure enhances tensile strength but increases anisotropy. 
 
Doped tungsten wire (e.g., potassium-doped) forms stable potassium bubbles (10-100 nm in 
diameter) at grain boundaries during high-temperature processing, inhibiting grain growth and 
recrystallization, thus improving high-temperature stability. The microstructure of alloyed tungsten 
wire varies with added elements; for instance, in tungsten-rhenium alloys, rhenium’s solid solution 
strengthening causes lattice distortion, enhancing toughness. These structural characteristics directly 
impact the performance and lifespan of cut-resistant tungsten wire. 
 
Table 2.2.2 Microstructural Features of Tungsten Wire 

Type Crystal Structure Grain Features Special Structure 

Pure Tungsten BCC, 3.165 Å Fibrous, 0.1-10 μm None 

Doped Tungsten (K) BCC Fibrous Potassium bubbles, 10-100 nm 

Tungsten-Rhenium BCC Refined grains Lattice distortion (solid solution) 

 
2.2.3 Effects of Doping and Alloying on Performance 
Doping and alloying are critical methods for enhancing the performance of cut-resistant tungsten 
wire. Potassium doping (0.01%-0.05%) forms potassium bubbles that inhibit grain boundary 
migration, maintaining sag resistance above 2000°C, ideal for high-temperature cutting or heating 
elements. Trace amounts of silicon and aluminum improve surface hardness and wear resistance, 
suitable for high-wear applications. 
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In alloying, rhenium (3%-26%) enhances toughness and tensile strength through solid solution 
strengthening and grain refinement, with tungsten-rhenium alloys achieving strengths up to 700 
MPa at 2500°C. Thorium (Th) or lanthanum (La) doping (1%-2%) improves electron emission 
properties, beneficial for electrode wires. These modifications enable cut-resistant tungsten wire to 
meet specific application requirements. 
 
Table 2.2.3 Performance Effects of Doping and Alloying 

Element Content Primary Effect Application Example 

Potassium (K) 0.01%-0.05% 
Sag resistance, recrystallization 

suppression 

High-temperature 

cutting, heating elements 

Silicon (Si), Aluminum (Al) Trace Increased hardness, wear resistance Wear-resistant cutting wire 

Rhenium (Re) 3%-26% Enhanced toughness, strength Aerospace components 

Thorium (Th), Lanthanum (La) 1%-2% Improved electron emission EDM electrode wire 

 

 
 
2.3 Comparison of Cut-Resistant Tungsten Wire with Other Materials 
The unique properties of cut-resistant tungsten wire distinguish it among various materials. This 
section compares tungsten wire with common materials like steel wire and carbon fiber, analyzing 
its advantages in specific applications. 
 
2.3.1 Performance Comparison of Tungsten Wire with Steel Wire, Carbon Fiber, etc. 
Compared to steel wire, tungsten wire offers superior tensile strength (4000 MPa vs. 2000 MPa for 
high-strength steel) and melting point (3422°C vs. ~1500°C for steel), though its ductility is lower 
(<5% vs. 20%-30% for steel). Steel wire is easier to process at room temperature, while tungsten 
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wire excels in high-temperature and high-stress environments. 
 
Carbon fiber boasts an exceptional specific strength (tensile strength ~3500 MPa, density 1.8 g/cm³), 
making it much lighter than tungsten wire, but its temperature resistance is poor (decomposing at 
~500°C), rendering it unsuitable for high-temperature cutting. Tungsten wire’s conductivity also 
surpasses carbon fiber, giving it an edge in EDM. 
 
Compared to copper wire (tensile strength 200-400 MPa, melting point 1085°C), tungsten wire far 
exceeds in strength and temperature resistance, though its conductivity is slightly lower (copper 
resistivity 1.7 μΩ·cm). These differences dictate their respective application scenarios. 
 
Table 2.3.1 Performance Comparison of Tungsten Wire with Other Materials 

Material 
Tensile Strength 

(MPa) 

Melting Point 

 (°C) 

Density 

(g/cm³) 

Resistivity 

(μΩ·cm) 
Ductility 

Tungsten Wire 4000 3422 19.25 5.6 <5% 

High-Strength Steel 2000 ~1500 7.8 ~15 20%-30% 

Carbon Fiber 3500 ~500 (decomposes) 1.8 Non-conductive High 

Copper Wire 200-400 1085 8.96 1.7 >30% 

 
2.3.2 Advantages of Cut-Resistant Tungsten Wire in Specific Applications 
In electrical discharge machining (EDM), the high strength and wear resistance of cut-resistant 
tungsten wire allow it to withstand high current densities and discharge wear, offering superior 
cutting precision compared to copper or steel wire. In diamond wire saws, tungsten wire’s durability 
as a substrate outperforms steel wire, ensuring stability in semiconductor wafer and stone cutting. 
 
In high-temperature environments (e.g., aerospace nozzles, >2000°C), tungsten wire’s thermal 
stability surpasses that of carbon fiber and steel, making it the preferred material. Its high density 
also provides an irreplaceable mass advantage in defense applications (e.g., armor-piercing 
projectile cores). These properties position cut-resistant tungsten wire uniquely in high-precision, 
high-temperature, and high-load applications. 
 
Table 2.3.2 Application Advantages of Cut-Resistant Tungsten Wire 

Application Key Requirement Tungsten Wire Advantage 
Limitations of Comparison 

Materials 

EDM Wire Cutting 
High strength, wear 

resistance 

Withstands 10⁶ A/m² current 

density 

Copper lacks strength, steel 

wears quickly 

Diamond Wire Saw Durability High-strength substrate Steel has shorter lifespan 

High-Temperature 

Components (>2000°C) 
Thermal stability Melting point 3422°C 

Carbon fiber decomposes, 

steel melts 

Armor-Piercing Cores High density 19.25 g/cm³ Steel has lower density 
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Chapter 3: Manufacturing Process of CTIA GROUP’s Cut-Resistant Tungsten Wire 
 
3.1 Raw Material Selection 
The manufacturing of cut-resistant tungsten wire by CTIA GROUP begins with the careful selection 
of high-quality raw materials, with performance relying on the purity of tungsten and the optimized 
composition of doping elements. The extraction and purification of tungsten ore, along with the 
selection and roles of doping elements, form the core of this process. 
 
3.1.1 Extraction and Purification of Tungsten Ore 
CTIA GROUP utilizes high-quality wolframite (Fe,MnWO₄) and scheelite (CaWO₄) as primary raw 
materials. Extraction begins with mining, conducted via open-pit or underground methods, followed 
by beneficiation processes (e.g., gravity separation, magnetic separation, and flotation) to separate 
tungsten minerals from waste rock. Equipment such as jigs and heavy media separators ensures 
efficient separation. Chemical extraction employs the alkali fusion method, reacting the ore with 
sodium carbonate (Na₂CO₃) or sodium hydroxide (NaOH) at 800-1000°C to produce sodium 
tungstate (Na₂WO₄), or the acid leaching method using hydrochloric acid (HCl) or sulfuric acid 
(H₂SO₄) to extract tungsten. 
 
The purification process involves multi-stage precipitation and filtration to remove impurities (e.g., 
molybdenum, phosphorus, arsenic), yielding ammonium paratungstate (APT, 
(NH₄)₁₀(H₂W₁₂O₄₂)·4H₂O). APT is calcined at 600-800°C to form tungsten trioxide (WO₃), which is 
then reduced in a hydrogen furnace (900-1100°C, H₂ flow rate 20-50 m³/h) to produce high-purity 
tungsten powder (purity >99.97%, particle size 1-3 μm). This process reflects CTIA GROUP’s 
stringent requirements for high-purity raw materials, providing a premium foundation for cut-
resistant tungsten wire. 
 
Table 3.1.1 Tungsten Ore Extraction and Purification Process 

Step Method/Condition Product Key Parameters 

Beneficiation Gravity, magnetic, flotation Tungsten concentrate Jigs, heavy media 

Chemical Extraction 
Alkali fusion, 800-1000°C Na₂WO₄ Na₂CO₃ or NaOH 

Acid leaching Tungstic acid HCl or H₂SO₄ 

Purification Precipitation, filtration APT Removes Mo, P, As 

Calcination 600-800°C WO₃ - 

Hydrogen Reduction 900-1100°C Tungsten powder (>99.97%) H₂ flow 20-50 m³/h 

 
3.1.2 Selection and Role of Doping Elements 
CTIA GROUP selects doping elements based on the high-performance requirements of cut-resistant 
tungsten wire to optimize its properties. Potassium (K, 0.01%-0.03%) forms potassium bubbles (10-
50 nm in diameter) to inhibit high-temperature recrystallization, enhancing sag resistance for high-
temperature cutting applications. Silicon (Si) and aluminum (Al, <0.005%) improve surface 
hardness and wear resistance, ideal for precision cutting. Rhenium (Re, 5%-20%) enhances 
toughness and high-temperature strength via solid solution strengthening, meeting aerospace 
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demands. Thorium (Th, 1%-1.5%) or lanthanum (La, 1%-1.5%) optimizes electron emission 
properties for EDM electrode wires. 
 
Doping elements are incorporated during the tungsten powder preparation stage using high-
precision mixing equipment (e.g., planetary ball mills) to ensure uniform distribution. This process 
demonstrates CTIA GROUP’s precise control over material properties. 
 
Table 3.1.2 Doping Elements and Their Roles 

Element Content Role Application Scenario 

Potassium (K) 0.01%-0.03% Inhibits recrystallization, sag resistance High-temperature cutting wire 

Silicon (Si) <0.005% Enhances hardness, wear resistance Wear-resistant cutting wire 

Aluminum (Al) <0.005% Improves surface properties High-precision cutting 

Rhenium (Re) 5%-20% Increases toughness, strength Aerospace components 

Thorium (Th) 1%-1.5% Enhances electron emission EDM electrode wire 

Lanthanum (La) 1%-1.5% Improves emission, durability High-performance electrodes 

 
3.2 Production Process of CTIA GROUP’s Tungsten Wire 
CTIA GROUP’s tungsten wire production process is designed for high precision and performance, 
meeting the stringent demands of cut-resistant tungsten wire. Powder metallurgy, wire drawing, heat 
treatment, surface treatment, and process optimization are key components of this process. 
 
3.2.1 Powder Metallurgy Method 
CTIA GROUP employs powder metallurgy to transform tungsten powder (particle size 1-3 μm) into 
tungsten rods. The powder is mixed with a binder (e.g., polyvinyl alcohol) using a high-speed mixer 
and pressed into rods (diameter 8-15 mm, length 150-300 mm) at 500-600 MPa using a precision 
hydraulic press. Pre-sintering occurs in a hydrogen atmosphere (1000-1200°C, 1-2 hours) to remove 
the binder and achieve initial densification. Full sintering is conducted in a high-temperature furnace 
(2300-2500°C, H₂ flow 40-60 m³/h, 5-6 hours), achieving a rod density of 95%-97% of theoretical 
value. 
 
Doping elements are added during the mixing stage via spray drying to ensure microscopic 
uniformity, providing a high-strength, ductile rod foundation for subsequent drawing. 
 
Table 3.2.1 Powder Metallurgy Process Parameters 

Step Condition Purpose Key Parameters 

Mixing Tungsten powder + binder Uniformity Particle size 1-3 μm 

Pressing 500-600 MPa Rod formation Diameter 8-15 mm 

Pre-sintering 1000-1200°C, H₂ Binder removal 1-2 hours 

Full Sintering 2300-2500°C, H₂ Densification Density 95%-97%, 5-6 hours 
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3.2.2 Wire Drawing Process and Equipment 
Wire drawing is a core step in CTIA GROUP’s production of cut-resistant tungsten wire. Tungsten’s 
high hardness (Vickers hardness 400-450 HV) and brittleness require multiple drawing passes to 
reduce diameter (from millimeters to 15 μm), with each pass reducing diameter by 10%-15%. 
Intermediate annealing in hydrogen or argon (1300-1500°C, 10-20 seconds) restores ductility and 
relieves stress after each pass. 
 
CTIA GROUP uses single-die drawing machines (coarse drawing, 1-5 mm) and multi-die 
continuous drawing machines (fine drawing, <0.3 mm), equipped with high-precision diamond dies 
(tolerance ±0.3 μm) or carbide dies (coarse stage). Drawing speed is 5-15 m/min, with graphite 
emulsion lubricant to reduce friction. Drawing force (<40 N), die wear, and wire temperature 
(<250°C) are monitored. Optimization includes annealing every 2-3 passes and laser gauging for 
diameter consistency (tolerance ±0.1 μm). The following tables list key parameters and equipment. 
 
Table 3.2.2a Wire Drawing Process Parameters 

Parameter Range Purpose Equipment/Condition 

Diameter Reduction Millimeters to 15 μm Gradual shaping 10%-15% per pass 

Annealing Temp 1300-1500°C Restore ductility H₂ or argon, 10-20 sec 

Drawing Speed 5-15 m/min Quality control Single/multi-die machines 

Die Precision Tolerance ±0.3 μm Surface quality Diamond or carbide dies 

Drawing Force <40 N Prevent breakage Inline force sensor 

Lubricant Graphite emulsion Reduce friction - 

 
Table 3.2.2b Wire Drawing Equipment List 

Equipment Name Function Description Applicable Stage 

Single-Die Coarse Drawing Machine Processes coarse rods (1-5 mm), initial shaping Coarse drawing 

Multi-Die Fine Drawing Machine Multi-pass continuous drawing (<0.3 mm) Fine drawing 

Ultra-Precision Diamond Die High-precision drawing (tolerance ±0.3μm) Fine wire shaping 

High-Wear Carbide Die High durability for coarse drawing (>1 mm) Coarse/Medium drawing 

Real-Time Drawing Force Monitor Monitors force (<40 N) to prevent breakage Throughout 

High-Precision Laser Gauge Measures diameter (tolerance ±0.1 μm) Fine drawing 

Graphite Emulsion Spray System Uniform lubricant application Throughout 

 
3.2.3 Heat Treatment and Annealing Process 
Heat treatment optimizes the performance of cut-resistant tungsten wire. Annealing occurs at 1300-
1800°C in a hydrogen atmosphere for 5-15 seconds (fine wire) or up to 1 minute (coarse wire), 
relieving stress and adjusting grain structure. Aging treatment (1600-2000°C, 15-30 minutes) further 
stabilizes the microstructure, enhancing high-temperature strength. 
 
For doped tungsten wire, heat treatment controls potassium bubble size (10-50 nm), using high-
precision tubular furnaces (H₂ oxygen content <5 ppm) to ensure oxidation resistance. This process 
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directly impacts the wire’s durability and cutting performance. 
 
Table 3.2.3 Heat Treatment Process Parameters 

Type Temperature Purpose Condition 

Annealing 1300-1800°C Relieve stress, adjust grains H₂ atmosphere, 5 sec-1 min 

Aging Treatment 1600-2000°C Stabilize structure, enhance strength H₂ atmosphere, 15-30 min 

 
3.2.4 Surface Treatment and Post-Processing 
CTIA GROUP enhances wear and corrosion resistance through surface treatments. Electrolytic 
polishing (NaOH solution, current density 60-100 A/m²) removes micro-defects, achieving a surface 
finish of Ra <0.05 μm. For high wear resistance, chemical vapor deposition (CVD) applies a 
tungsten carbide (WC) coating (2-4 μm thick). 
 
Post-processing includes precision cutting (length tolerance ±0.3 mm) and automated winding 
(tension 15-25 N) to ensure consistent specifications. These steps improve the wire’s practicality. 
 
Table 3.2.4 Surface Treatment and Post-Processing Parameters 

Process Condition Purpose Key Parameters 

Electrolytic Polishing NaOH, 60-100A/m² Improve surface finish Ra <0.05 μm 

Coating (CVD) WC, 2-4 μm Enhance hardness, wear resistance - 

Cutting Tolerance ±0.3mm Specification consistency Precision cutting machine 

Winding Tension 15-25 N Ease of transport/use Winding machine 

 
3.2.5 Process Optimization for Cut-Resistant Tungsten Wire 
CTIA GROUP optimizes processes for cut-resistant performance. Potassium doping is precisely 
controlled at 0.02% ±0.002%, and drawing passes are increased to 25-35 for diameter tolerance of 
±0.1 μm. Heat treatment uses gradient heating (1300-1800°C) to enhance grain stability. 
 
Additionally, spark plasma sintering (SPS, 2300°C, 60 MPa) increases rod density (>98%), reducing 
internal defects. These optimizations significantly improve the strength and reliability of cut-
resistant tungsten wire. 
 
Table 3.2.5 Process Optimization for Cut-Resistant Tungsten Wire 

Optimization Measure Condition Purpose Effect 

Doping Adjustment K 0.02%±0.002% Balance strength, ductility Improved sag resistance 

Increased Drawing Passes 25-35 passes Diameter uniformity Tolerance ±0.1 μm 

Gradient Heat Treatment 1300-1800°C Enhance grain stability Increased high-temp strength 

Spark Plasma Sintering 2300°C, 60 MPa Reduce defects Density >98% 

 
3.3 Quality Control and Testing of Cut-Resistant Tungsten Wire 
CTIA GROUP’s quality control spans the entire production process, ensuring high standards for 
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cut-resistant tungsten wire. Monitoring during production and finished product testing methods 
collectively guarantee quality. 
 
3.3.1 Quality Monitoring During Production 
Tungsten powder particle size (1-3 μm) and purity (>99.97%) are verified using laser particle size 
analysis and ICP spectroscopy. Sintering controls temperature (±5°C) and H₂ flow (40-60 m³/h). 
Drawing monitors force (<40 N) and surface quality (no cracks) with microscopes and force sensors, 
ensuring intermediate product stability. 
 
Table 3.3.1 Quality Monitoring During Production 

Stage Monitoring Parameter Target Testing Method 

Tungsten Powder Size 1-3 μm, >99.97% Uniformity, purity Laser sizing, ICP spectroscopy 

Sintering 2300-2500°C, 40-60 m³/h Defect-free, densified Thermometer, flow meter 

Drawing Force <40 N Crack-free surface Force sensor, microscope 

 
3.3.2 Testing Standards and Methods for Finished Tungsten Wire 
Finished product testing includes chemical composition (ICP spectroscopy, purity >99.97%), 
mechanical properties (tensile strength 3500-4500 MPa, hardness 400-450 HV), dimensional 
accuracy (tolerance ±0.5 μm, laser gauge), and surface quality (no cracks, SEM inspection). Cut 
resistance is validated via wear testing (wear rate <0.05 mm³/N·m). These standards ensure the wire 
meets high-end application needs. 
 
Table 3.3.2 Testing Standards and Methods for Finished Products 

Test Item Standard Method Target 

Chemical Composition Purity >99.97% ICP spectroscopy Confirm impurity levels 

Tensile Strength 3500-4500 MPa Tensile test Strength compliance 

Hardness 400-450 HV Vickers hardness test Wear resistance 

Dimensional Accuracy Tolerance ±0.5 μm Laser gauge Consistency 

Surface Quality No cracks SEM Usage reliability 

Cut Resistance Wear rate <0.05 mm³/N·m Wear test Cutting durability 
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CTIA GROUP LTD 

Cut-Resistant Tungsten Wire Introduction 
 
1. Overview of CTIA GROUP LTD Cut-Resistant Tungsten Wire 
Cut-Resistant Tungsten Wire is a high-performance industrial material made from high-purity 
tungsten powder through advanced powder metallurgy and precision wire-drawing processes. With 
outstanding high strength, wear resistance, and high-temperature stability, it is widely used in 
photovoltaic, semiconductor, aerospace, and electronic equipment industries. It excels particularly 
in high-precision wire-cutting applications.  
 
3. Production Process of CTIA GROUP LTD Cut-Resistant Tungsten Wire 
Raw Material Selection: Uses high-purity tungsten powder. 
Powder Metallurgy: High-temperature sintering and multiple forging processes produce dense 
tungsten rod billets. 
Precision Wire Drawing: Multi-stage wire drawing with diamond dies ensures high-precision 
dimensional control. 
Heat Treatment: Optimized grain structure through precise annealing processes enhances tungsten 
wire toughness and strength. 
Surface Treatment: Electrolytic polishing technology ensures a defect-free, highly smooth 
tungsten wire surface. 
 
4. CTIA GROUP LTD Cut-Resistant Tungsten Wire Specifications 

Item Standard 

Diameter (μm) 15-35 (Customizable) 

Density (g/cm3) 19.3 

Tensile Strength（N/mm2） 3600-4000 

Vickers Hardness (HV) 800-850 

Elongation 1%-3% 

Tensile Force (N) 0.67-3.65 

 
5. Procurement Information 
Email: sales@chinatungsten.com    Tel.: +86 592 5129595, 5129696 
For more information on cut-resistant tungsten wire, please visit website: www.tungsten.com.cn.  
For market updates and real-time information, scan the following QR code to follow our WeChat 
official account: "chinatungsten".  
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Chapter 4: Performance and Testing of Cut-Resistant Tungsten Wire 
 
4.1 Mechanical Performance Testing of Cut-Resistant Tungsten Wire 
The mechanical properties of cut-resistant tungsten wire provide exceptional support in high-stress 
environments. Tensile strength and fracture toughness, hardness, and fatigue performance and 
durability are the core metrics for evaluating its mechanical behavior. 
 
4.1.1 Tensile Strength and Fracture Toughness 
Tensile strength reflects the ability of tungsten wire to resist tensile loads, typically optimized 
through precise drawing and heat treatment to achieve 3000-4500 MPa, significantly surpassing 
ordinary steel wire (approximately 2000 MPa). Testing is conducted using a universal testing 
machine (loading rate 0.5 mm/min, compliant with ASTM E8 standards), with sample diameters 
ranging from 20 μm to 300 μm. The elongation at break remains between 2%-5%, indicating 
balanced toughness. 
 
Fracture toughness (K_IC) is measured via the single-edge notched beam (SENB) test, with typical 
values ranging from 5-10 MPa·m^(1/2). Doping elements such as potassium or rhenium regulate 
the microstructure (e.g., forming potassium bubbles or solid solution strengthening), effectively 
inhibiting grain boundary crack propagation and ensuring reliability in high-stress cutting scenarios. 
 
Table 4.1.1 Tensile Strength and Fracture Toughness Testing 

Parameter Value Test Method Performance Advantage 

Tensile Strength 3000-4500 MPa ASTM E8, Tensile Test Excellent load-bearing capacity 

Elongation at Break 2%-5% Universal Testing Machine Balanced ductility 

Fracture Toughness (K_IC) 5-10 MPa·m^(1/2) SENB Test Superior crack resistance 

 
4.1.2 Hardness Testing 
Hardness is a fundamental property enabling cut-resistant tungsten wire to resist wear and 
deformation. After drawing reinforcement and surface treatments (e.g., coatings), the Vickers 
hardness (HV) typically ranges from 350-450 HV, measured using a Vickers hardness tester (load 
500 g, indentation time 10 seconds, compliant with ISO 6507 standards). Hardness increases with 
grain refinement, with fine wires (<50 μm) approaching the upper limit of 450 HV. 
 
This property ensures excellent durability and stability when cutting hard materials such as ceramics 
and silicon wafers. 
 
Table 4.1.2 Hardness Testing 

Parameter Value Test Method Performance Advantage 

Vickers Hardness 350-450 HV ISO 6507, 500 g Load Outstanding wear resistance 

Hardness Variation Increases with smaller diameter Microhardness Tester 
Meets high-strength needs of 

fine wires 
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4.1.3 Fatigue Performance and Durability 
Fatigue performance indicates the endurance of tungsten wire under repeated loading. Rotating 
bending fatigue tests (frequency 50 Hz, stress ratio 0.1, compliant with ASTM E466 standards) 
reveal a fatigue limit of 1200-1800 MPa, with a cycle life up to 10⁷ cycles. Doping with rhenium 
reduces microcrack initiation through solid solution strengthening, enhancing fatigue life. 
 
Durability testing simulates real cutting conditions (e.g., EDM discharge cycles), showing a service 
life of 300-600 hours, depending on diameter and doping composition, suitable for prolonged high-
load operations. 
 
Table 4.1.3 Fatigue Performance and Durability Testing 

Parameter Value Test Method Performance Advantage 

Fatigue Limit 1200-1800 MPa ASTM E466, 50 Hz Excellent cyclic durability 

Service Life 300-600 hours Simulated Cutting Conditions Long-term operational stability 

 
4.2 Wear Resistance and Corrosion Resistance of Cut-Resistant Tungsten Wire 
Wear resistance and corrosion resistance determine the performance of tungsten wire in abrasive 
and chemically aggressive environments, serving as critical guarantees of its reliability. 
 
4.2.1 Wear Mechanisms and Testing Methods 
Wear in cut-resistant tungsten wire primarily results from abrasive and adhesive mechanisms, 
particularly pronounced when cutting hard materials. Pin-on-disc wear tests (load 10 N, speed 200 
rpm, compliant with ASTM G99 standards) show a wear rate of 0.05-0.1 mm³/N·m, far lower than 
steel wire (approximately 0.2-0.3 mm³/N·m). Surface coatings (e.g., tungsten carbide, WC, 1-5 μm 
thick) reduce wear depth to <1 μm/1000 m. 
 
Wear mechanism studies indicate that grain refinement and coating protection effectively reduce 
material loss and surface adhesion, enhancing durability under high-friction conditions. 
 
Table 4.2.1 Wear Performance Testing 

Parameter Value Test Method Performance Advantage 

Wear Rate 0.05-0.1 mm³/N·m ASTM G99, Pin-on-Disc Superior wear resistance 

Wear Depth <1 μm/1000 m Surface Profilometer Significantly extended lifespan 

 
4.2.2 Performance Evaluation in Corrosive Environments 
Corrosion resistance is tested in neutral salt spray (5% NaCl, 35°C, compliant with ASTM B117 
standards) and acidic environments (pH 2, H₂SO₄ solution). Uncoated tungsten wire exhibits a 
weight loss rate of 0.2-0.5 mg/cm² after 72 hours in salt spray, while surface-treated wire (e.g., 
tungsten nitride, WN, 1-3 μm thick) reduces this to <0.1 mg/cm². In acidic conditions, the corrosion 
rate ranges from 0.02-0.05 mm/year, outperforming untreated samples (0.1-0.2 mm/year). This 
performance ensures stability in humid or chemically corrosive environments, making it suitable 
for medical devices and industrial applications. 
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Table 4.2.2 Corrosion Resistance Testing 
Parameter Value Test Method Performance Advantage 

Salt Spray Weight Loss <0.1 mg/cm² (72 hr) ASTM B117, 5% NaCl Excellent corrosion resistance 

Acidic Corrosion Rate 0.02-0.05 mm/year pH 2, H₂SO₄ Soak Superior chemical stability 

 
4.3 High-Temperature Performance of Cut-Resistant Tungsten Wire 
The high-temperature performance of cut-resistant tungsten wire underpins its utility in extreme 
conditions. Thermal stability, oxidation resistance, and changes in mechanical properties at elevated 
temperatures are key evaluation criteria. 
 
4.3.1 Thermal Stability and Oxidation Resistance 
Thermal stability testing in vacuum or inert atmosphere (Ar, 10⁻⁵ Pa) shows that tungsten wire 
retains strength with less than 15% loss after 100 hours at 2500°C, thanks to doping elements (e.g., 
potassium) that suppress grain growth and recrystallization. Oxidation resistance is assessed via 
high-temperature exposure tests (1000°C, air), where uncoated wire loses 5-10 mg/cm²/h due to 
volatile WO₃ formation, while coated wire (e.g., WN, 1-3 μm) reduces this to <0.5-1 mg/cm²/h. 
These properties enable outstanding performance in high-temperature furnaces and aerospace 
components. 
 
Table 4.3.1 Thermal Stability and Oxidation Resistance Testing 

Parameter Value Test Method Performance Advantage 

High-Temp Strength Loss <15% (2500°C, 100 hr) Vacuum High-Temp Test Excellent thermal stability 

Oxidation Weight Loss <0.5-1mg/cm²/h(1000°C) Air Exposure Test Superior oxidation resistance 

 
4.3.2 Changes in Mechanical Properties at High Temperatures 
High-temperature mechanical properties are measured via tensile tests (1000-2000°C, Ar 
atmosphere, compliant with ASTM E21 standards). Rhenium-doped wire (3%-26%) maintains 
tensile strength of 500-700 MPa at 2000°C, outperforming pure tungsten wire (approximately 300-
400 MPa). Hardness decreases to 300-400 HV at 1500°C, still sufficient for high-temperature 
cutting needs. 
 
High-temperature creep tests (1800°C, 50 MPa load) show a creep rate below 10⁻⁶ s⁻¹, with grain 
stabilization treatments (e.g., gradient heat treatment) further reducing deformation, ensuring 
structural integrity in high-temperature environments. 
 
Table 4.3.2 High-Temperature Mechanical Performance Testing 

Parameter Value Test Method Performance Advantage 

High-Temp Tensile 

Strength 
500-700MPa(2000°C) ASTM E21, Tensile Test Excellent strength retention 

High-Temp Hardness 300-400 HV (1500°C) High-Temp Hardness Tester Sustained durability 

Creep Rate <10⁻⁶ s⁻¹ (1800°C) Creep Test Superior deformation resistance 
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Chapter 5: Standards Related to Cut-Resistant Tungsten Wire 
 
Cut-resistant tungsten wire, as a high-performance material, requires adherence to a series of 
international and national standards in its production, quality control, and application to ensure 
performance consistency, industry compliance, and market competitiveness. This chapter 
systematically reviews the standards framework relevant to cut-resistant tungsten wire, 
encompassing the International Organization for Standardization (ISO), the American Society for 
Testing and Materials (ASTM), Chinese National Standards (GB/T), and industry-specific 
regulations, detailing their roles and applications in the tungsten wire industry. 
 
5.1 International Standards 
International standards provide a unified framework for global trade, technical exchange, and 
quality management of cut-resistant tungsten wire, covering quality management systems, material 
performance testing, environmental safety, and specific application requirements. 
 
5.1.1 ISO Standards 
ISO standards are widely applied in tungsten wire production, addressing quality, environmental, 
safety, and performance testing domains. 
 
· ISO 9001:2015 

English Name: Quality Management Systems 
Chinese Name: 质量管理体系 
Release/Revision Year: 2015 
Scope: Production process management 
Specific Requirements: Requires companies to establish a full-process management system 
from raw material procurement to product delivery, ensuring traceability. Tungsten wire 
manufacturers must undergo annual audits, with certification costs ranging from 200,000 to 
500,000 RMB and a timeline of 6-12 months. 
Application Scenario: Cut-resistant tungsten wire exported to Europe and North America often 
requires ISO 9001 certification to enhance customer trust. 

 
· ISO 14001:2015 

English Name: Environmental Management Systems  
Chinese Name: 环境管理体系 
Release/Revision Year: 2015 
Scope: Environmental requirements 
Specific Requirements: Promotes green production, requiring monitoring and reduction of 
emissions during sintering and drawing (e.g., CO₂ emissions <500 kg per ton of tungsten wire, 
heavy metal content in wastewater <0.1 mg/L). 
Application Scenario: Aligns with sustainability trends, particularly stringent in photovoltaic 
and electronics industries. 
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· ISO 45001:2018 

English Name: Occupational Health and Safety Management Systems 
Chinese Name: 职业健康安全管理体系 
Release/Revision Year: 2018 
Scope: Production safety 
Specific Requirements: Regulates high-risk operations like high-temperature sintering (2200-
2500°C) and drawing, aiming to reduce accident rates by 30%, with regular safety training and 
equipment maintenance. Certification costs range from 100,000 to 300,000 RMB. 
Application Scenario: Ensures worker safety and enhances production stability. 

 
· ISO 6892-1:2019 

English Name: Metallic Materials - Tensile Testing 
Chinese Name: 金属材料拉伸试验 
Release/Revision Year: 2019 
Scope: Mechanical performance testing 
Specific Requirements: Applies to testing tensile strength and ductility of tungsten wire at 
room and high temperatures (e.g., 2000°C), ensuring mechanical properties meet standards 
(tensile strength of cut-resistant tungsten wire: 2000-2500 MPa). 
Application Scenario: High strength requirements in photovoltaic cutting and aerospace 
applications. 
 

· ISO 22489:2016 
English Name: Microbeam Analysis - Electron Probe Microanalysis 
Chinese Name: 微束分析 - 电子探针显微分析 
Release/Revision Year: 2016 
Scope: Composition testing 
Specific Requirements: Detects microscopic composition on the surface and interior of 
tungsten wire, requiring impurity levels (e.g., oxygen, nitrogen) <20 ppm. 
Application Scenario: Ensures quality consistency in high-end electronics and medical 
applications. 
 

· ISO 10993-1:2018 
English Name: Biological Evaluation of Medical Devices 
Chinese Name: 医疗器械生物相容性评价 
Release/Revision Year: 2018 
Scope: Medical tungsten wire 
Specific Requirements: For coated tungsten wire in medical use, evaluates toxicity, irritation, 
and allergenicity, ensuring no harmful substance release. Certification costs range from 400,000 
to 800,000 RMB. 
Application Scenario: Applicable to implantable medical devices. 
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· ISO/AWI 24370-2 (Under Development) 
English Name: Fine Wire of Tungsten - Part 2 (Under Development) 
Chinese Name: 细线钨丝第 2 部分（在研） 
Release/Revision Year: Expected 2026 
Scope: Nanoscale tungsten wire 
Specific Requirements: Targets nanoscale tungsten wire (diameter <1 μm), requiring 
dimensional tolerance ±0.2 μm and surface finish Ra <0.05 μm. 
Application Scenario: Next-generation semiconductors and sensors. 

 
5.1.2 ASTM and Other International Standards 
ASTM standards provide detailed specifications for material properties and production processes of 
tungsten wire, widely adopted in the North American market. 

 
· ASTM B760-07 (Revised 2019) 

English Name: Standard Specification for Tungsten Plate, Sheet, and Foil  
Chinese Name: 钨板、片和箔 
Release/Revision Year: 2019 
Scope: Purity and performance requirements 
Specific Requirements: Specifies tungsten material purity >99.95%, with impurities (e.g., Fe, 
Mo) <50 ppm, often extended to tungsten wire production. 
Application Scenario: Ensures raw material quality for cut-resistant tungsten wire production. 

 
· ASTM B777-20 

English Name: Standard Specification for Tungsten Base, High-Density Metal 
Chinese Name: 钨基高密度合金 
Release/Revision Year: 2020 
Scope: Composite tungsten wire 
Specific Requirements: Requires density >17 g/cm³ and tensile strength >1500 MPa. 
Application Scenario: Tungsten wire-reinforced composites in aerospace and military 
applications. 
 

· ASTM E8/E8M-21 
English Name: Standard Test Methods for Tension Testing of Metallic Materials 
Chinese Name: 金属材料拉伸试验方法 
Release/Revision Year: 2021 
Scope: High-temperature performance 
Specific Requirements: Refines strain rate and fracture toughness testing at various 
temperatures, requiring creep strain <0.005%/h at 1000°C. 
Application Scenario: High-temperature environments like gas turbine blades. 

 
· ASTM F1925-17 

English Name: Standard Specification for Semiconductor Tungsten Materials 
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Chinese Name: 半导体用钨材料规范 
Release/Revision Year: 2017 
Scope: Semiconductor cutting 
Specific Requirements: Requires purity >99.999%, diameter consistency ±0.5 μm, and 
resistivity <5.0 μΩ·cm. 
Application Scenario: Microfine cutting in chip manufacturing. 

 
· AMS 7880 

English Name: Tungsten Wire High-Temperature Properties  
Chinese Name: 钨丝高温性能规范 
Release/Revision Year: Not specified 
Scope: Aerospace high-temperature applications 
Specific Requirements: Requires creep rate <0.01%/h at 2500°C, with certification taking 1-
2 years and costing 500,000-1,000,000 RMB. 
Application Scenario: Rocket nozzles and turbine blades. 

 
· JIS H 4461:2002 

English Name: Tungsten Wire (Japanese Industrial Standard) 
Chinese Name: 钨丝（日本工业标准） 
Release/Revision Year: 2002 
Scope: Precision instruments 
Specific Requirements: Requires crack-free surfaces and tensile strength >2200 MPa. 
Application Scenario: Precision instruments and lighting equipment, complementing ISO 
standards. 

 
· EN 10204:2004 

English Name: Metallic Products - Types of Inspection Documents 
Chinese Name: 金属产品检验文件 
Release/Revision Year: 2004 
Scope: Quality certification 
Specific Requirements: Requires tungsten wire to be shipped with a Type 3.1 material certificate 
for quality traceability. 
Application Scenario: Exports to the EU market. 

 
5.2 Chinese National Standards and Industry Regulations 
Chinese standards align with domestic industry needs, covering raw materials, production, 
performance testing, and emerging applications of tungsten wire. 

 
5.2.1 GB/T Standards 
GB/T standards provide foundational specifications for cut-resistant tungsten wire, suitable for 
large-scale production and quality control. 
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· GB/T 3459-2017 
English Name: Tungsten Powder 
Chinese Name: 钨粉 
Release/Revision Year: 2017 
Scope: Raw material purity 
Specific Requirements: Requires tungsten powder purity >99.95%, particle size 10-50 μm. 
Application Scenario: Sintering raw material for tungsten wire, directly impacting production 
costs (450-1,100 RMB/kg). 

 
· GB/T 4181-2017 

English Name: Tungsten Bars 
Chinese Name: 钨棒 
Release/Revision Year: 2017 
Scope: Surface quality and purity 
Specific Requirements: Surface free of oxides and cracks, purity >99.95%. 
Application Scenario: Extends to tungsten wire production, applicable in photovoltaic cutting. 

 
· GB/T 4197-2017 

English Name: Tungsten Wire  
Chinese Name: 钨丝 
Release/Revision Year: 2017 
Scope: Wire cutting and electronics 
Specific Requirements: Diameter tolerance ±1 μm, tensile strength 2000-2500 MPa, 
elongation at break >2%. 
Application Scenario: Wire cutting and electronics industries. 

 
· GB/T 17492-2019 

English Name: Chemical Analysis Methods for Tungsten and Tungsten Alloys 
Chinese Name: 钨及钨合金化学分析方法 
Release/Revision Year: 2019 
Scope: Impurity control 
Specific Requirements: Iron content <30 ppm, molybdenum <10 ppm. 
Application Scenario: Stability of tungsten wire in high-purity applications. 

 
· GB/T 43293-2023 

English Name: Test Method for High-Temperature Properties of Tungsten Wire 
Chinese Name: 钨丝高温性能测试方法 
Release/Revision Year: 2023 
Scope: Nuclear fusion applications 
Specific Requirements: Tests oxidation resistance and creep properties at 2000-2500°C, 
weight loss rate <0.5 mg/cm²/h. 
Application Scenario: Tungsten-based components in nuclear fusion devices. 
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· GB/T 41319-2022 
English Name: Specification for Tungsten Wire in Photovoltaic Applications 
Chinese Name: 光伏用钨丝规范 
Release/Revision Year: 2022 
Scope: Photovoltaic cutting 
Specific Requirements: Diameter 20-50μm, breakage rate <0.8%, surface roughness Ra <0.08 
μm. 
Application Scenario: Improves photovoltaic silicon wafer cutting efficiency by 10%. 

 
5.2.2 Industry Regulations and Certifications 
Industry regulations, formulated by entities like the China Nonferrous Metals Industry Association, 
military, and nuclear sectors, supplement national standards with detailed provisions. 

 
· YS/T 1356-2020 

English Name: Technical Conditions for Tungsten Wire 
Chinese Name: 钨丝技术条件 
Release/Revision Year: 2020 
Scope: Photovoltaic and glass processing 
Specific Requirements: Wear resistance ensures cutting life >120 hours, surface defect depth 
<0.5 μm. 
Application Scenario: Photovoltaic and glass processing fields. 

 
· GJB 9001C-2017 

English Name: Quality Management System Requirements for Military Products 
Chinese Name: 军用产品质量管理体系 
Release/Revision Year: 2017 
Scope: Military applications 
Specific Requirements: Requires strict quality control systems for tungsten wire production, 
with finished products accompanied by military inspection certificates. 
Application Scenario: Missiles and armored components. 
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5.3 Summary Table of Cut-Resistant Tungsten Wire Standards 
For ease of reference, the following table comprehensively summarizes standards related to cut-
resistant tungsten wire, including Chinese and English names, release/revision years, scopes, and 
specific requirements. 
 
Table 5.1 Standards Related to Cut-Resistant Tungsten Wire (Chinese-English Comparison) 

Standard 

Number 
English Name Chinese Name 

Release/ 

Revision Year 
Scope 

Specific 

Requirements 

ISO 

9001:2015 
Quality Management Systems  质量管理体系 2015 

Production 

process 

Full-process records, 

traceability 

ISO 

14001:2015 

Environmental Management 

Systems  
环境管理体系 2015 Environmental 

CO₂ emissions <500 

kg/ton 

ISO 

45001:2018 

Occupational Health and Safety 

Management Systems 

职业健康安全

管理体系 
2018 

Production 

safety 

Accident rate reduced 

by 30% 

ISO 

6892-1:2019 
Metallic Materials - Tensile Testing  

金属材料拉伸

试验 
2019 

Mechanical 

testing 

Tensile strength 2000-

2500 MPa 

ISO 

2489:2016 

Microbeam Analysis - Electron 

Probe Microanalysis  

微束分析-电子

探针显微分析 
2016 

Composition 

testing 
Impurities <20 ppm 

ISO  

10993-1:2018 

Biological Evaluation of Medical 

Devices  

医疗器械生物

相容性评价 
2018 

Medical 

tungsten wire 

Non-toxic, non-

irritating 

ASTM 

B760-07 

Standard Specification for Tungsten 

Plate, Sheet, and Foil  
钨板、片和箔 2019 

Purity, 

performance 

Purity >99.95%, 

impurities <50 ppm 

ASTM 

B777-20 

Standard Specification for Tungsten 

Base, High-Density Metal 

钨基高密度合

金 
2020 

Composite 

tungsten wire 
Density >17 g/cm³ 

ASTM 

E8/E8M-21 

Standard Test Methods for Tension 

Testing of Metallic Materials  

金属材料拉伸

试验方法 
2021 

High-temp 

performance 
Creep strain <0.005%/h 

ASTM 

F1925-17 

Standard Specification for 

Semiconductor Tungsten Materials  

半导体用钨材

料规范 
2017 

Semiconductor 

cutting 

Purity >99.999%, 

resistivity <5.0 μΩ·cm 

AMS 

7880 

Tungsten Wire High-Temperature 

Properties  

钨丝高温性能

规范 
- 

Aerospace 

high-temp 

Creep rate <0.01%/h at 

2500°C 

JIS H 

4461:2002 

Tungsten Wire (Japanese Industrial 

Standard) 
钨丝 2002 

Precision 

instruments 

Tensile strength >2200 

MPa 

EN 

10204:2004 

Metallic Products - Types of 

Inspection Documents  

金属产品检验

文件 
2004 

Quality 

certification 

Type 3.1 material 

certificate 

GB/T  

3459-2017 
Tungsten Powder 钨粉 2017 

Raw material 

purity 

Purity >99.95%, 

particle size 10-50 μm 

GB/T  

4181-2017 
Tungsten Bars 钨棒 2017 

Surface 

quality, purity 

Oxide-free, 

purity >99.95% 

GB/T  

4197-2017 
Tungsten Wire 钨丝 2017 

Wire cutting, 

electronics 

Tensile strength 2000-

2500 MPa 
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GB/T  

17492-2019 

Chemical Analysis Methods for 

Tungsten and Tungsten Alloys  

钨及钨合金化

学分析方法 
2019 

Impurity 

control 

Fe <30 ppm, Mo <10 

ppm 

GB/T  

43293-2023 

Test Method for High-Temperature 

Properties of Tungsten Wire  

钨丝高温性能

测试方法 
2023 Nuclear fusion 

Weight loss rate <0.5 

mg/cm²/h 

GB/T  

41319-2022 

Specification for Tungsten Wire in 

Photovoltaic Applications  

光伏用钨丝规

范 
2022 

Photovoltaic 

cutting 

Diameter 20-50 μm, 

breakage rate <0.8% 

YS/T  

1356-2020 

Technical Conditions for Tungsten 

Wire  
钨丝技术条件 2020 

Photovoltaic, 

glass 

Cutting life >120 h, 

defects <0.5 μm 

GJB  

9001C-2017 

Quality Management System 

Requirements for Military Products  

军用产品质量

管理体系 
2017 

Military 

applications 

Military inspection 

certificate 

 
5.4 Application and Outlook of Standards 
These standards play multiple roles in the cut-resistant tungsten wire industry. ISO 9001 and GB/T 
4197 ensure production consistency, AMS 7880 and ISO 10993 meet high-end demands in 
aerospace and medical fields, while EN 10204 and YS/T 1356 enhance market credibility. Looking 
ahead, as technologies advance (e.g., 3D-printed tungsten wire, nanoscale applications) and 
interdisciplinary fields expand (e.g., quantum computing, deep-space exploration), new standards 
will focus on ultra-fine dimensional control (diameter <0.5 μm), low-temperature brittleness 
resistance, ultra-high vacuum performance, and carbon footprint management. 
· Future Trends: 

By 2027, international standards for nanoscale tungsten wire may emerge, requiring diameter 
tolerance ±0.1 μm and atomically smooth surfaces, driving applications in quantum devices. 
The photovoltaic industry may demand a 15% increase in tungsten wire cutting efficiency and 
reduced silicon wafer loss, prompting revisions to GB/T 41319. 
Military and nuclear fusion sectors will emphasize radiation resistance and high-temperature 
stability, targeting performance degradation <3%. 

· Costs and Benefits: 
Certification costs (200,000-1,200,000 RMB) increase production burdens but improve product 
quality and market access, indirectly reducing rework costs (approximately 500,000-600,000 
RMB annually). 
The parallel development of international and localized standards will propel the tungsten wire 
industry toward higher technological levels and broader application domains. 
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CTIA GROUP LTD 

Cut-Resistant Tungsten Wire Introduction 
 
1. Overview of CTIA GROUP LTD Cut-Resistant Tungsten Wire 
Cut-Resistant Tungsten Wire is a high-performance industrial material made from high-purity 
tungsten powder through advanced powder metallurgy and precision wire-drawing processes. With 
outstanding high strength, wear resistance, and high-temperature stability, it is widely used in 
photovoltaic, semiconductor, aerospace, and electronic equipment industries. It excels particularly 
in high-precision wire-cutting applications.  
 
3. Production Process of CTIA GROUP LTD Cut-Resistant Tungsten Wire 
Raw Material Selection: Uses high-purity tungsten powder. 
Powder Metallurgy: High-temperature sintering and multiple forging processes produce dense 
tungsten rod billets. 
Precision Wire Drawing: Multi-stage wire drawing with diamond dies ensures high-precision 
dimensional control. 
Heat Treatment: Optimized grain structure through precise annealing processes enhances tungsten 
wire toughness and strength. 
Surface Treatment: Electrolytic polishing technology ensures a defect-free, highly smooth 
tungsten wire surface. 
 
4. CTIA GROUP LTD Cut-Resistant Tungsten Wire Specifications 

Item Standard 

Diameter (μm) 15-35 (Customizable) 

Density (g/cm3) 19.3 

Tensile Strength（N/mm2） 3600-4000 

Vickers Hardness (HV) 800-850 

Elongation 1%-3% 

Tensile Force (N) 0.67-3.65 

 
5. Procurement Information 
Email: sales@chinatungsten.com    Tel.: +86 592 5129595, 5129696 
For more information on cut-resistant tungsten wire, please visit website: www.tungsten.com.cn.  
For market updates and real-time information, scan the following QR code to follow our WeChat 
official account: "chinatungsten".  
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Chapter 6: Application Fields of Cut-Resistant Tungsten Wire 
 
6.1 Wire Cutting Processes 
Cut-resistant tungsten wire excels in wire cutting applications due to its exceptional strength, wear 
resistance, and conductivity, making it indispensable in precision manufacturing, particularly in 
electrical discharge machining (EDM) and diamond wire saw cutting. 
 
6.1.1 Electrical Discharge Machining (EDM) 
 
6.1.1.1 Core Role of Cut-Resistant Tungsten Wire as an Electrode in EDM 
Electrical discharge machining (EDM) removes material through spark discharges, enabling the 
processing of high-hardness metals or complex geometries. Cut-resistant tungsten wire, serving as 
an electrode, leverages its excellent conductivity and high-temperature resistance to maintain stable 
operation under high-frequency pulsed discharges. Unlike traditional copper or brass wires, tungsten 
wire resists melting or breaking during discharge, making it ideal for cutting challenging materials 
like mold steel, titanium alloys, and cemented carbides. Its fine diameter and precision enable the 
machining of minute features, such as narrow slits or sharp edges, meeting the stringent precision 
demands of modern manufacturing. 
 
6.1.1.2 Advantages in High-Precision Mold Manufacturing 
In mold manufacturing, cut-resistant tungsten wire offers unparalleled advantages. The industry 
demands smooth surfaces and high geometric accuracy, which tungsten wire achieves through its 
durability and stability. Compared to other electrode materials, tungsten wire exhibits minimal wear 
over multiple discharge cycles, reducing production interruptions due to electrode replacement. 
Additionally, its surface finish enhances the quality of finished molds, commonly used in 
automotive stamping molds, injection molds, and aerospace component molds. For instance, in 
precision stamping die production, tungsten wire cuts complex contours, maintaining edge 
sharpness and consistency, thereby extending mold lifespan and improving stamped part yield rates. 
 
6.1.1.3 Case Studies in Machining Complex Metal Parts 
Cut-resistant tungsten wire has numerous applications in machining complex parts. In aerospace, it 
is used to produce turbine blade molds, where precise discharge parameter control enables cutting 
of intricate blade root surfaces with micron-level accuracy, reducing subsequent polishing time by 
approximately 20%. In medical device manufacturing, tungsten wire facilitates the production of 
orthopedic implants, such as micro-holes and slots in knee replacement components. By optimizing 
discharge frequency and current, it excels in machining titanium alloys, achieving a yield rate above 
98% and significantly reducing scrap rates. These examples highlight tungsten wire‘s flexibility 
and reliability in high-tech fields. 
 
6.1.2 Diamond Wire Saw Cutting 
 
6.1.2.1 Tungsten Wire as a Substrate for Diamond Wire Saws 
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Diamond wire saws, made by attaching diamond particles to tungsten wire surfaces, are used to cut 
hard materials. Cut-resistant tungsten wire, as a substrate, withstands the tension and friction of 
high-speed cutting, ensuring secure diamond attachment and effective performance. Compared to 
steel wire substrates, tungsten wire’s high toughness and corrosion resistance provide greater 
stability during prolonged operation, especially in humid or acidic environments. Its fine diameter 
and uniformity enhance the flexibility of wire saws, enabling the cutting of complex shapes or ultra-
thin materials, making it a vital component in modern cutting technology. 
 

 

 
6.1.2.2 High-Precision Cutting of Semiconductor Wafers and Photovoltaic Silicon Wafers 
In the semiconductor and photovoltaic industries, diamond wire saws with tungsten wire substrates 
are widely used to cut silicon wafers. Silicon wafer thickness must be precisely controlled at the 
micron level to meet the performance demands of chip manufacturing and solar cells. Tungsten wire’
s high wear resistance ensures stability during high-speed cutting, producing flat, crack-free surfaces. 
For example, in photovoltaic cell production, tungsten wire saws cut polycrystalline silicon ingots 
into 150-micron-thick wafers, processing over 500 wafers per hour with a waste rate below 5%. 
This efficient cutting boosts material utilization and drives the photovoltaic industry toward lower 
costs and higher efficiency. In semiconductor wafer cutting, tungsten wire saws support wafer 
diameters from 150 mm to 300 mm, achieving yield rates above 95%, providing reliable support for 
chip manufacturing. 
 
6.1.2.3 Cutting Applications in Stone, Ceramics, and Other Hard Materials 
Tungsten wire diamond saws are indispensable in stone and ceramic processing. When cutting 
marble or granite, tungsten wire’s high strength prevents breakage under tension, achieving cutting 
speeds of 15-20 meters per minute and uniform slab thickness, ideal for architectural decoration and 
sculpting. For instance, in Italy’s Carrara marble quarries, tungsten wire saws are used for extraction 
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and processing, cutting over 1,000 square meters per session with efficiency far exceeding 
traditional steel wire saws. In ceramic processing, tungsten wire saws cut high-hardness materials 
like alumina or silicon nitride, producing smooth, chip-free edges, often for electronic ceramic 
substrates. In 5G equipment production, tungsten wire saws create micro-holes in substrates as small 
as 0.1 mm, meeting stringent high-frequency signal transmission requirements. These applications 
demonstrate tungsten wire’s versatility and efficiency in hard material processing. 
 
6.2 Functional Components in High-Temperature Environments 
Due to its superior high-temperature performance, cut-resistant tungsten wire is a preferred material 
for functional components in extreme conditions, particularly in high-temperature furnaces, thermal 
spraying, welding, and aerospace applications. 
 
6.2.1 Heating Elements in High-Temperature Furnaces 
 
6.2.1.1 Tungsten Wire Applications in Vacuum or Inert Gas Furnaces 
In high-temperature furnaces under vacuum or inert gas protection (e.g., argon), cut-resistant 
tungsten wire serves as a heating element, operating stably at temperatures up to 2500°C. Its high 
thermal conductivity enables rapid heating, making it ideal for semiconductor wafer annealing, 
metal sintering, and ceramic curing. Compared to traditional nichrome alloys, tungsten wire’s low 
vapor pressure and oxidation resistance enhance durability in vacuum environments, preventing 
high-temperature volatilization from contaminating the furnace. For example, in silicon wafer 
annealing furnaces, tungsten wire heating elements raise temperatures to over 2000°C in seconds, 
ensuring rapid crystal structure repair and improving chip performance. 
 
6.2.1.2 Durability in High-Temperature Annealing and Sintering 
During high-temperature annealing and sintering, tungsten wire’s sag resistance is a key advantage. 
Potassium doping inhibits grain growth, allowing the wire to maintain its shape after prolonged 
high-temperature operation, ensuring excellent heat field uniformity. This is critical in ceramic 
sintering, such as producing zirconia dental ceramics, where tungsten wire heating elements support 
hundreds of hours of continuous operation, achieving sintered densities near 99% of theoretical 
value, with mechanical strength and transparency meeting medical standards. In powder metallurgy, 
tungsten wire heats tungsten alloy parts during sintering, ensuring porosity-free interiors that meet 
aerospace reliability standards. These applications underscore tungsten wire’s durability and 
stability in high-temperature processes. 
 
6.2.2 Thermal Spraying and Welding Support 
 
6.2.2.1 Tungsten Wire Components in Plasma Spraying 
Plasma spraying uses high-temperature plasma arcs to deposit wear- or corrosion-resistant coatings, 
with cut-resistant tungsten wire serving as electrodes or supports, enduring localized temperatures 
above 3000°C. Its durability and oxidation resistance ensure process continuity, commonly used 
for surface enhancement of aero-engine blades and industrial molds. For instance, in turbine blade 
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coating, tungsten wire components facilitate uniform ceramic layer deposition (0.2-0.5 mm thick), 
improving high-temperature corrosion resistance by over 30%. Compared to other materials, 
tungsten wire’ s high melting point and stability reduce component replacement frequency, 
significantly lowering production costs. 
 

 
 
6.2.2.2 Tungsten Wire Electrodes in Tungsten Inert Gas (TIG) Welding 
In TIG welding, cut-resistant tungsten wire serves as an electrode, providing a stable high-
temperature arc for welding stainless steel, aluminum alloys, and titanium alloys. Thorium- or 
lanthanum-doped tungsten wire enhances electron emission efficiency, enabling rapid arc initiation 
and high welding precision. This is crucial in pressure vessel and aerospace part manufacturing. For 
example, in aerospace hydraulic pipeline production, tungsten wire electrodes achieve seamless 
welds up to 10 meters long, with weld strength nearing 98% of the base material and minimal defects. 
In the shipbuilding industry, tungsten wire supports thick stainless steel plate welding, with 
corrosion-resistant welds meeting marine environment demands, demonstrating its reliability in 
demanding welding applications. 
 
6.2.3 High-Temperature Aerospace Components 
 
6.2.3.1 Tungsten Wire Reinforced Materials in Rocket Engine Nozzles 
Rocket engine nozzles endure high-temperature gas erosion and extreme thermal stress, where cut-
resistant tungsten wire, enhanced with rhenium doping, reinforces composites that retain excellent 
mechanical properties above 2000°C. Oxidation-resistant coatings further extend nozzle lifespan, 
withstanding hundreds of ignition cycles. In solid rocket engines, tungsten wire-reinforced nozzles 
show no cracking or ablation after multiple ground tests, with throat diameter changes below 0.1 
mm, ensuring thrust stability. This high reliability makes it a critical component in deep-space 
missions. 
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6.2.3.2 Tungsten Wire Cathodes in Electric Thrusters 
In electric thrusters (e.g., Hall or ion thrusters), cut-resistant tungsten wire serves as a cathode, 
providing efficient electron emission for spacecraft orbit and attitude control. Lanthanum-doped 
tungsten wire’s high emission efficiency and resistance to ion bombardment enable operation above 
2000°C for over 1,000 hours. In geosynchronous communication satellites, tungsten wire cathodes 
support thruster systems through 10,000 pulse ignitions, improving propulsion efficiency by 15% 
and extending satellite lifespan. In deep-space probes, tungsten wire cathodes ensure stable thruster 
operation in vacuum, contributing to successful planetary exploration missions. 
 
6.3 Electronics and Electrical Applications 
Cut-resistant tungsten wire is prized in electronics and electrical applications for its conductivity, 
high-temperature performance, and stability, widely used in electron beam devices, vacuum systems, 
and lighting. 
 
6.3.1 Electron Beam and X-Ray Equipment 
 
6.3.1.1 Tungsten Wire Filaments in Electron Microscopes and X-Ray Tubes 
Electron microscopes and X-ray tubes rely on tungsten wire filaments as electron emission sources, 
leveraging their high melting point and emission efficiency. Operating stably at 2500°C for 
thousands of hours, they are ideal for materials science and medical imaging. In scanning electron 
microscopes (SEM), thorium-doped tungsten filaments support 10-nanometer resolution imaging, 
aiding surface morphology analysis of nanomaterials. In X-ray tubes for CT scanners, tungsten 
filaments produce strong, clear X-rays, widely used in lung disease diagnosis, significantly 
improving diagnostic accuracy. 
 
6.3.1.2 High-Temperature Sources in Electron Beam Welding 
Electron beam welding uses tungsten wire to generate high-temperature beams, offering superior 
depth and precision compared to traditional methods. Its stability ensures precise beam focus, 
commonly applied in aerospace and automotive industries. For instance, in aero-engine turbine disk 
manufacturing, tungsten wire electron beams weld thick titanium alloy plates to a depth of 50 mm, 
with weld strength at 95% of the base material. In automotive production, tungsten wire supports 
aluminum alloy body welding, producing pore-free welds that meet lightweight design needs, 
highlighting its indispensability in precision welding. 
 
6.3.2 Vacuum Equipment 
 
6.3.2.1 Tungsten Wire Evaporation Boats in Vacuum Deposition 
In vacuum deposition, tungsten wire evaporation boats vaporize metals for thin film deposition, 
widely used in optics and electronics. Their high-temperature resistance and low vapor pressure 
ensure efficient, uniform coating. In optical lens coating, tungsten boats deposit multi-layer anti-
reflective films, reducing reflectivity below 1% and enhancing light transmission. In semiconductor 
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manufacturing, tungsten wire supports copper or aluminum film deposition with thickness 
uniformity within ± 2%, meeting integrated circuit performance demands, making it a key 
component in vacuum coating technology. 
 
6.3.2.2 Tungsten Wire Ion Sources in Mass Spectrometers 
In mass spectrometers, tungsten wire ion sources generate stable ion streams for molecular mass 
analysis, with their high-temperature resistance and emission stability supporting precise detection. 
In environmental monitoring, tungsten ion sources analyze volatile organic compounds (VOCs) in 
the atmosphere at ppb sensitivity, aiding pollution source identification. In food safety, they detect 
pesticide residues at ng levels, ensuring compliance with safety standards, showcasing their 
reliability in scientific and industrial testing. 
 
6.3.3 Lighting and Display 
 
6.3.3.1 Tungsten Electrodes in High-Intensity Discharge (HID) Lamps 
HID lamps (e.g., xenon lamps) use tungsten electrodes for high-brightness lighting, widely applied 
in automotive and projection systems. Operating at 2000°C for over 2,000 hours, they achieve 
brightness up to 100 lumens per watt. In car headlights, tungsten electrodes enable rapid startup and 
stable output, improving nighttime visibility by 50% and enhancing driving safety. In film projectors, 
they provide intense light for bright, color-accurate images. 
 
6.3.3.2 Tungsten Wire Filaments in Incandescent and Halogen Lamps 
In incandescent and halogen lamps, tungsten wire filaments are renowned for their high-temperature 
performance and durability. Halogen cycling reduces tungsten evaporation, extending filament life 
to thousands of hours. In premium halogen lamps, tungsten operates at 2600°C with a stable 3200K 
color temperature, widely used in studio lighting for soft, continuous light. In household 
incandescent bulbs, tungsten supports prolonged illumination, remaining a classic choice in 
traditional lighting. 
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6.4 Medical and Scientific Instruments 
Cut-resistant tungsten wire meets specialized needs in medical and scientific fields with its precision 
and stability, widely used in surgical tools and analytical instruments. 
 
6.4.1 Surgical Tools 
 
6.4.1.1 Tungsten Wire Electrodes in Electrosurgery 
In electrosurgery, cut-resistant tungsten wire electrodes cut and coagulate tissue with high strength 
and temperature resistance, ensuring precise, efficient procedures, often in tumor resection and 
cardiac surgery. In liver cancer removal, tungsten electrodes separate tissue under high-frequency 
current, reducing trauma by 30% and recovery time by 20%. Their smooth surfaces minimize tissue 
adhesion, enhancing safety. In coronary bypass surgery, they enable precise micro-vessel handling, 
significantly reducing bleeding risks. 
 
6.4.1.2 High-Precision Cutting Wires in Minimally Invasive Surgery 
In minimally invasive surgery, tungsten wire serves as a cutting line for neurosurgery and 
ophthalmology, with its fine diameter and corrosion resistance excelling in complex procedures. In 
cataract surgery, tungsten wire divides cloudy lenses, shortening surgery to 10 minutes with a 95% 
vision recovery rate. In neurosurgery, it creates micro-incisions in brain tissue with 0.1 mm precision, 
avoiding damage to healthy areas, supporting minimally invasive techniques. 
 
6.4.2 Analytical Instruments 
 
6.4.2.1 Tungsten Wire Detectors in Mass Spectrometers 
In mass spectrometers, tungsten wire detectors offer high-temperature resistance and rapid response 
for precise analysis. In drug development, they detect metabolites at picogram levels, aiding 
metabolic pathway identification. In geology, they support isotope analysis (e.g., uranium-lead 
ratios in rocks) with 0.01% accuracy, providing reliable data for Earth age determination, making 
them a core component in analytical fields. 
 
6.4.2.2 High-Temperature Tungsten Wire Sample Holders in Thermogravimetric Analyzers 
In thermogravimetric analyzers, tungsten wire sample holders operate at 2500°C with strong load 
capacity and mass stability, ensuring accurate high-temperature testing. In polymer pyrolysis studies, 
they heat samples to 2000°C, recording weight loss curves with <0.5% deviation, analyzing 
thermal stability. In ceramic R&D, they support high-temperature sintering samples, with 
performance test results aligning 98% with theoretical values. 
 
6.4.3 Biomedical Research 
 
6.4.3.1 Tungsten Wire Electrodes in Cell Electroporation 
In cell electroporation for gene transfection, tungsten wire electrodes use high-voltage pulses to 
penetrate cell membranes, with their conductivity and stability supporting repeated experiments. In 

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 40 页 共 59 页 

CRISPR gene editing, they achieve 85% transfection efficiency, boosting gene insertion success. In 
stem cell research, they handle large cell batches, improving consistency by 20%, aiding 
regenerative medicine. 
 
6.4.3.2 Tungsten Wire Microelectrode Arrays in Neuroscience 
In neuroscience, tungsten wire microelectrode arrays record neural signals with high precision and 
low noise, their fine size enabling single neuron recording in deep brain tissue. In mouse cortex 
studies, they capture discharge signals with 20% improved resolution, elucidating learning and 
memory mechanisms. In human brain-computer interface trials, they record motor cortex signals 
for robotic arm control with 90% accuracy, advancing neurorehabilitation. 
 

 
 
6.5 Industrial Manufacturing and Processing Support 
Cut-resistant tungsten wire enhances processing efficiency and component durability in industrial 
manufacturing, spanning textiles, food processing, and glass/ceramics. 
 
6.5.1 Textiles and Papermaking 
 
6.5.1.1 Wear-Resistant Tungsten Wire Guides in Textile Machinery 
In textile machinery, tungsten wire guides reduce fiber friction loss with their hardness and wear 
resistance. In high-speed looms (5,000 RPM), their smooth surfaces prevent fiber tangling and 
breakage. In cotton spinning, they last over 1,000 hours, cutting downtime by 50% and improving 
fabric smoothness. In wool spinning, they reduce burrs, enhancing high-end textile quality. 
 
6.5.1.2 Tungsten Wire Auxiliary Components in Papermaking Machines 
In papermaking machines, tungsten wire components (e.g., guide rings) operate stably in wet, hot 
conditions with strong corrosion resistance. In high-speed machines, they improve paper flatness to 

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 41 页 共 59 页 

99%, reducing wear-related downtime. In newsprint production, they maintain performance for over 
six months, cutting maintenance frequency by 30%. In art paper production, they ensure flawless 
surfaces for premium printing. 
 
6.5.2 Food Processing 
 
6.5.2.1 Corrosion-Resistant Tungsten Wire in Food Cutting Lines 
In food processing, tungsten wire cutting lines offer corrosion resistance and precision for meat, 
cheese, and vegetable slicing. They perform reliably in acidic or humid conditions, ensuring 
consistent cuts. In automated slicers, they cut 200 meat slices per minute with uniform thickness 
and a 98% yield, boosting efficiency. In cheese production, they create complex shapes, reducing 
waste by 10% while meeting packaging and aesthetic needs. 
 
6.5.2.2 Tungsten Wire Heating Elements in High-Temperature Baking Equipment 
In high-temperature baking equipment, tungsten wire heating elements provide uniform heat fields 
for industrial-scale food production, with their temperature resistance ensuring long-term reliability. 
In bread production lines, they maintain consistent texture with minimal temperature deviation, 
improving efficiency by 15%. In meat curing, they operate at 2000°C, speeding up processing by 
20% and enhancing capacity. 
 
6.5.3 Glass and Ceramic Processing 
 
6.5.3.1 High-Strength Tungsten Wire in Glass Cutting 
In glass cutting, tungsten wire’s strength supports thick plate and precision processing, used in 
optical and architectural glass. It cuts 10-mm-thick glass with smooth, crack-free edges. In 
smartphone screen production, it processes 1,000 pieces per hour with a <2% defect rate, meeting 
touchscreen quality demands. In curtain wall glass, it ensures precise large-scale cutting, improving 
installation efficiency. 
 
6.5.3.2 Tungsten Wire for Ceramic Substrate Cutting and Drilling 
In ceramic substrate processing, tungsten wire cuts high-hardness materials (e.g., silicon nitride) 
with smooth edges and long life. In electronics, it drills 0.1-mm holes in 5G ceramic substrates, 
meeting high-frequency signal needs. In aerospace ceramic parts, it cuts complex shapes like turbine 
blade coating substrates, achieving high temperature and strength standards, highlighting its value 
in advanced ceramic processing. 
 
6.6 Energy and Environmental Applications 
Cut-resistant tungsten wire supports efficient resource use and environmental protection in energy 
and environmental fields, including nuclear energy, renewables, and waste management. 
 
6.6.1 Nuclear Energy 
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6.6.1.1 Tungsten Wire Control Components in Nuclear Reactors 
In nuclear reactors, tungsten wire control components regulate neutron flux with their high-
temperature and radiation resistance, operating at 2500°C with minimal strength loss for precise 
control. In fast neutron reactors, they enhance neutron flux stability by 10% over years, improving 
safety. In high-temperature gas-cooled reactors, they withstand radiation and thermal stress for over 
five years, serving as critical support. 
 
6.6.1.2 Tungsten Wire Mesh in Radiation Shielding 
Tungsten wire mesh, with its high density, shields radiation, protecting personnel and equipment. 
Fine-diameter wires form lightweight, efficient nets. In nuclear medicine, they block over 90% of 
gamma rays, 20% lighter than lead. In nuclear waste storage, they reduce leakage as protective 
layers, ensuring environmental safety. 
 
6.6.2 Renewable Energy 
 
6.6.2.1 Tungsten Wire Cutting in Solar Cell Manufacturing 
In solar cell production, tungsten wire cuts silicon wafers, supporting photovoltaic efficiency. Its 
wear resistance ensures stable, high-yield cutting. In monocrystalline silicon ingot slicing, it 
processes 600 wafers per hour, reducing costs by 15% with precise thickness control. In thin-film 
solar cells, it enhances substrate consistency by 10%, advancing renewable energy adoption. 
 
6.6.2.2 Wear-Resistant Tungsten Wire Components in Wind Turbines 
In wind turbines, tungsten wire components resist wear for long-term operation, excelling in harsh 
conditions. In offshore wind farms, they endure sand and salt spray in blade adjustment mechanisms, 
lasting over 10 years. Onshore, they extend maintenance cycles to five years, improving reliability. 
 
6.6.3 Waste Management 
 
6.6.3.1 Tungsten Wire Heating Elements in High-Temperature Incinerators 
In high-temperature incinerators, tungsten wire heating elements enable efficient waste disposal, 
operating at 2500°C for thorough combustion in medical and industrial waste processing. In 
medical waste incineration, they achieve >90% efficiency, cutting emissions by 50%. In hazardous 
chemical waste, they boost capacity by 20%, showcasing environmental value. 
 
6.6.3.2 Tungsten Wire Electrodes in Wastewater Treatment 
In wastewater treatment, tungsten wire electrodes resist corrosion in electrolysis, removing heavy 
metals and organic pollutants. In industrial wastewater, they purify lead-contaminated water with 
98% efficiency. In municipal sewage, they remove ammonia nitrogen with long life, reducing costs 
and supporting water recycling. 
 
6.7 Defense and Security 
Cut-resistant tungsten wire meets extreme demands in defense and security with its high density 
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and strength, spanning armor-piercing materials, sensing, and communications. 
 
6.7.1 Armor-Piercing Materials 
 
6.7.1.1 Tungsten Wire Reinforced Composite Armor 
Tungsten wire-reinforced composite armor resists high-velocity projectiles with its density and 
impact resistance, used in tanks and armored vehicles. Its toughness absorbs impact energy, 
enhancing durability. In main battle tanks, it boosts protection by 30% against armor-piercing 
rounds, reducing weight by 10%. In light vehicles, it supports modular designs balancing mobility 
and safety. 
 
6.7.1.2 Tungsten Wire-Based Armor-Piercing Projectile Cores 
Tungsten wire-based projectile cores offer high hardness and penetration for anti-tank weapons, 
with their density enhancing kinetic energy. In 125-mm tank guns, they penetrate 500-mm steel 
plates with >90% hit rates. In portable anti-tank weapons, they enable compact designs with robust 
penetration, vital on modern battlefields. 
 
6.7.2 Sensing and Detection 
 
6.7.2.1 Tungsten Wire Components in High-Temperature Sensors 
In high-temperature sensors, tungsten wire components offer rapid response and durability for 
extreme environment monitoring. In missile engine testing, they measure temperature in <0.1 
seconds with high accuracy. In volcanic studies, they record lava temperature changes at 2000°C, 
aiding eruption prediction, showcasing their value in reliable sensing. 
 
6.7.2.2 Tungsten Wire Triggers in Explosive Detection Devices 
In explosive detection, tungsten wire triggers provide strength and stability for rapid detection. At 
airports, they detect TNT traces at ppm levels with <1% false positives. In combat zones, they enable 
portable detectors with short trigger times, enhancing efficiency and safety. 
 
6.7.3 Communication Equipment 
 
6.7.3.1 High-Temperature Tungsten Wire in Military Communication Antennas 
In military antennas, tungsten wire withstands high temperatures for signal transmission in extreme 
conditions. In desert operations, they operate at 1500°C for over five years with low error rates. In 
high-altitude drones, they resist wind loads, ensuring mission success. 
 
6.7.3.2 Tungsten Wire Reflector Nets in Satellite Communications 
In satellite communications, tungsten wire reflector nets boost signal quality with high density and 
reflectivity. Fine wires form lightweight, efficient nets. In geosynchronous satellites, they increase 
signal gain by 10 dB, supporting HD video. In deep-space communication, they withstand radiation, 
aiding interstellar missions. 
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Table 6.1 Overview of Cut-Resistant Tungsten Wire Application Fields 

Field Subfield 
Typical 

Application 

Performance 

Characteristics 
Advantages 

Wire Cutting 

Wire Cutting 

EDM 
Molds, turbine 

blades 
High strength, conductivity 

High precision, long 

life 

Diamond Wire 

Saw 

Silicon wafers, 

stone 
Wear resistance, toughness 

High yield, large 

cutting area 

High-Temp 

Components 

Heating Elements 
High-temp 

furnaces 

High thermal conductivity, 

sag resistance 

Uniform heat field, 

durability 

Thermal 

Spraying/Welding 
TIG welding 

High melting point, 

emission efficiency 

High-quality welds, 

long life 

Aerospace Rocket nozzles High strength at high temp 
Withstands multiple 

ignitions 

Electronics 

Electron Beam/X-

Ray 
X-ray tubes 

High emission, heat 

resistance 

Clear imaging, deep 

welds 

Vacuum 

Equipment 

Evaporation 

boats 

Low vapor pressure, 

uniformity 
Efficient coating 

Lighting/Display HID lamps 
High brightness, corrosion 

resistance 

Long life, stable 

output 

Medical/ 

Scientific 

Surgical Tools 
Minimally 

invasive surgery 

High precision, corrosion 

resistance 

Minimal trauma, high 

safety 

Analytical 

Instruments 

Mass 

spectrometers 
High sensitivity, stability Precise detection 

Biomedical 

Research 
Electroporation Voltage stability, long life 

High transfection 

efficiency 

Industrial 

Manufacturing 

Textiles/Paperma

king 
Yarn guides 

Wear resistance, smooth 

surface 

Low failure, high 

flatness 

Food Processing Cutting lines Acid resistance, precision Consistent output 

Glass/Ceramics Glass cutting High strength, durability 
High processing 

efficiency 

Energy/ 

Environment 

Nuclear Energy 
Control 

components 

Radiation resistance, high 

density 

Long life, effective 

shielding 

Renewable 

Energy 

Silicon wafer 

cutting 
Wear resistance, high yield Cost-effective 

Waste 

Management 
Incinerators 

High-temp resistance, 

efficiency 
Low emissions 

Defense/ 

Security 

 

Armor-Piercing Projectile cores High hardness, penetration Strong protection 

Sensing/Detection 
High-temp 

sensors 
Fast response, high accuracy High reliability 

Communications Reflector nets 
High reflectivity, heat 

resistance 

Superior signal 

quality 
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CTIA GROUP LTD 

Cut-Resistant Tungsten Wire Introduction 
 
1. Overview of CTIA GROUP LTD Cut-Resistant Tungsten Wire 
Cut-Resistant Tungsten Wire is a high-performance industrial material made from high-purity 
tungsten powder through advanced powder metallurgy and precision wire-drawing processes. With 
outstanding high strength, wear resistance, and high-temperature stability, it is widely used in 
photovoltaic, semiconductor, aerospace, and electronic equipment industries. It excels particularly 
in high-precision wire-cutting applications.  
 
3. Production Process of CTIA GROUP LTD Cut-Resistant Tungsten Wire 
Raw Material Selection: Uses high-purity tungsten powder. 
Powder Metallurgy: High-temperature sintering and multiple forging processes produce dense 
tungsten rod billets. 
Precision Wire Drawing: Multi-stage wire drawing with diamond dies ensures high-precision 
dimensional control. 
Heat Treatment: Optimized grain structure through precise annealing processes enhances tungsten 
wire toughness and strength. 
Surface Treatment: Electrolytic polishing technology ensures a defect-free, highly smooth 
tungsten wire surface. 
 
4. CTIA GROUP LTD Cut-Resistant Tungsten Wire Specifications 

Item Standard 

Diameter (μm) 15-35 (Customizable) 

Density (g/cm3) 19.3 

Tensile Strength（N/mm2） 3600-4000 

Vickers Hardness (HV) 800-850 

Elongation 1%-3% 

Tensile Force (N) 0.67-3.65 

 
5. Procurement Information 
Email: sales@chinatungsten.com    Tel.: +86 592 5129595, 5129696 
For more information on cut-resistant tungsten wire, please visit website: www.tungsten.com.cn.  
For market updates and real-time information, scan the following QR code to follow our WeChat 
official account: "chinatungsten".  
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Chapter 7: Advanced Topics and Future Trends in Cut-Resistant Tungsten Wire 
 
7.1 Nanotechnology and Tungsten Wire 
The rapid advancement of nanotechnology has revitalized cut-resistant tungsten wire, with 
nanoscale tungsten wire’s unique properties opening up vast prospects in high-tech fields. 
 
7.1.1 Preparation and Properties of Nanoscale Tungsten Wire 
Nanoscale tungsten wire refers to tungsten wire with diameters ranging from 1 to 100 nanometers, 
primarily prepared using advanced techniques such as chemical vapor deposition (CVD), 
electrochemical deposition, or high-energy ball milling combined with annealing. Compared to 
traditional micron-scale tungsten wire, nanoscale versions exhibit significantly higher surface 
energy and mechanical strength due to reduced grain size, while retaining excellent conductivity 
and thermal conductivity at microscopic scales. Additionally, they offer enhanced flexibility and 
fatigue resistance. For instance, nanoscale tungsten wire prepared via CVD demonstrates 
approximately 20% higher fracture toughness than micron-scale wire, attributed to increased grain 
boundary density and effective defect control, making it an ideal material for flexible electronic 
devices. During preparation, precisely controlling the deposition rate of tungsten precursors (e.g., 
WF₆) and annealing temperature is critical. Studies show that annealing at 800-1000°C forms a 
stable single-crystal structure, further enhancing high-temperature performance. However, the high 
surface reactivity of nanoscale tungsten wire makes it prone to oxidation into WO₃ in air, limiting 
storage and usage conditions. 
 
Current research focuses on optimizing preparation processes to improve yield and consistency. For 
example, plasma-enhanced CVD (PECVD) enables deposition at lower temperatures (around 
600°C), reducing energy consumption and equipment wear. Additionally, using carbon nanotubes 
or graphene as templates allows the creation of ordered tungsten wire arrays, boosting conductivity 
by about 15% and paving the way for high-performance conductors. The mechanical properties of 
nanoscale tungsten wire are also influenced by grain orientation, with recent X-ray diffraction (XRD) 
analysis indicating that <110>-oriented wires exhibit greater ductility in tensile tests, providing a 
theoretical basis for subsequent process design. These advancements suggest that nanoscale 
tungsten wire preparation techniques are maturing, laying a solid foundation for its applications. 
 
Table 7.1 Comparison of Preparation Methods and Properties of Nanoscale Tungsten Wire 

Preparation Method Process Conditions Diameter Range Key Performance Improvement Challenges 

CVD 
WF₆ precursor, 800-

1000°C annealing 
10-50nm Fracture toughness up 20% 

Oxidation sensitivity, 

high cost 

PECVD 
600°C low-temp 

deposition 
5-30 nm Conductivity up 15% 

Complex equipment, 

low yield 

Electrochemical 

Deposition 

Electrolyte 

deposition, room temp 
20-80 nm Enhanced flexibility Poor consistency 

High-Energy Ball 

Milling + Annealing 

Mechanical grinding, 

900°C annealing 
50-100 nm Increased surface energy 

Particle agglomeration, 

complex process 
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7.1.2 Potential Applications and Challenges 
The potential applications of nanoscale tungsten wire span flexible electronics, energy storage, and 
catalysis. In flexible electronics, it can be woven into conductive networks for wearable sensors and 
displays, with its high flexibility ensuring stable operation under repeated bending. For example, in 
smart fabrics, nanoscale tungsten wire conductive layers monitor heart rate and temperature in real-
time, with response times below 1 millisecond and accuracy of ±0.5%. In energy storage, its high 
surface area makes it a promising electrode material for lithium-ion batteries or supercapacitors, 
increasing storage density by 15%-30% and doubling charging rates. In catalysis, its photocatalytic 
properties enable water splitting for hydrogen production, doubling efficiency compared to 
traditional tungsten materials, advancing clean energy technologies. 
 
Its potential also extends to biomedical and nanomechanical systems. In biomedicine, surface-
modified nanoscale tungsten wire can serve as a drug delivery carrier, with its high surface area 
allowing greater drug loading—e.g., for chemotherapy drugs in cancer-targeted therapy, improving 
release efficiency by about 25%. In nanomechanical systems, its high strength and conductivity 
make it a core component for micro-actuators, such as driving tiny robotic arms in nanorobots with 
submicron precision. However, challenges remain significant. High preparation costs, driven by 
PECVD equipment and precursor expenses, hinder large-scale production. Additionally, its stability 
in high-temperature or oxidative environments is limited, necessitating antioxidant coatings or rare-
earth doping (e.g., lanthanum) to enhance durability. Environmental safety is another concern, as 
nanoparticles may pose toxicity risks via inhalation or skin contact; recent studies suggest surface 
passivation to reduce bioactivity. Addressing these issues through material design, process 
optimization, and safety assessments is crucial to transition nanoscale tungsten wire from lab to 
industry. 
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Table 7.2 Potential Applications and Technical Challenges of Nanoscale Tungsten Wire 

Application 

Field 
Typical Application 

Performance 

Advantage 

Technical 

Challenges 
Solutions 

Flexible 

Electronics 
Wearable sensors 

Response time <1 

ms 

High preparation 

cost 

Optimize PECVD 

process 

Energy Storage 
Li-ion battery 

electrodes 

Storage density up 

15%-30% 

Poor high-temp 

stability 
Rare-earth doping 

Catalysis 
Photocatalytic 

hydrogen production 
Doubled efficiency 

Oxidation 

sensitivity 

Antioxidant 

coatings 

Biomedical Drug delivery carrier 
Release efficiency 

up 25% 
Potential toxicity Surface passivation 

Nanomechanics Micro-actuators Submicron precision Poor consistency 
Template-assisted 

preparation 

 
7.2 Composite Materials and Coating Technologies 
Advancements in composite materials and coating technologies provide robust support for 
optimizing cut-resistant tungsten wire’s performance, expanding its applications under extreme 
conditions. 
 
7.2.1 Tungsten Wire Reinforced Composites 
Tungsten wire reinforced composites embed cut-resistant tungsten wire into ceramic, metal, or 
polymer matrices, significantly enhancing overall material properties. The wire’s high strength and 
toughness compensate for the brittleness or low-temperature limits of the matrix. For instance, in 
tungsten wire-reinforced ceramic matrix composites (CMCs), the wire increases fracture toughness 
by 30%-50% and raises the temperature limit beyond 2000°C. This material excels in aerospace, 
such as in gas turbine blade manufacturing, enduring high-speed airflow and thermal stress with 
double the service life of traditional ceramics. In metal matrix composites (MMCs), combining 
tungsten wire with nickel- or titanium-based alloys creates high-density, high-strength components 
like aero-engine connectors, improving fatigue resistance by 40% and reducing weight by 10%. 
 
Advances in preparation techniques further enhance these composites. Hot isostatic pressing (HIP) 
at high pressure and temperature (e.g., 200 MPa, 1800°C) ensures tight interfacial bonding, reducing 
porosity below 1% and boosting reliability. Powder metallurgy with infiltration suits complex 
shapes, such as rocket nozzles, where tungsten wire-reinforced tungsten composites achieve 
gradient structures—high-temperature resistance internally and oxidation resistance externally—
balancing performance. However, thermal expansion mismatches between wire and matrix can 
induce interfacial stress and microcracks. Recent studies propose adding transition layers (e.g., 
molybdenum or niobium) or gradient doping to mitigate this. For example, in tungsten wire-
reinforced nickel alloys, a molybdenum transition layer reduces interfacial delamination risk by 
30%, offering solutions for high-reliability applications. These advancements signal progress 
toward higher performance and broader use. 
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Table 7.3 Matrix Types and Performance Improvements in Tungsten Wire Reinforced 
Composites 

Matrix Type 
Typical 

Application 

Performance 

Improvement 

Preparation 

Technique 

Interfacial 

Optimization 

Ceramic (CMC) Gas turbine blades 
Fracture toughness up 

30%-50% 

Hot Isostatic Pressing 

(HIP) 
Gradient doping 

Metal (MMC) Aero connectors 
Fatigue resistance up 

40% 

Powder Metallurgy + 

Infiltration 

Mo/Nb transition 

layer 

Polymer High-temp seals 
Temp resistance up to 

500°C 
Hot Pressing Surface activation 

 

 
 
7.2.2 Performance Enhancement via Surface Coatings 
Surface coating technologies deposit functional layers on tungsten wire, greatly improving wear 
resistance, corrosion resistance, and oxidation resistance. Common coatings include tungsten 
carbide (WC), tungsten nitride (WN), and alumina (Al₂O₃), applied via physical vapor deposition 
(PVD), chemical vapor deposition (CVD), or plasma spraying. For example, WC coatings via CVD 
increase wear resistance 2-3 times, ideal for high-friction cutting tools. In aerospace, WN coatings 
reduce oxidation weight loss at 1000°C in air to one-tenth of uncoated levels, extending high-
temperature component life. In medical applications, hydroxyapatite-coated tungsten wire enhances 
biocompatibility for implants. 
 
Recent coating advancements add further functionality. In electronics, graphene coatings, adhered 
via van der Waals forces, boost conductivity by about 20% while maintaining flexibility, suitable 
for flexible conductors. Studies show graphene also acts as a thermal barrier, reducing surface 
temperature gradients by 15% at 2000°C, extending high-temperature life. In marine engineering, 
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composite coatings (e.g., WN+Ni) double salt spray corrosion resistance, fitting deep-sea equipment. 
However, coating-substrate bonding strength needs improvement, as high-temperature delamination 
persists. Multi-layer designs, such as WC base layers with Al₂O₃ top layers, reduce delamination by 
40% through stress buffering. Coating thickness must be precisely controlled (1-5 μm)—too thick 
reduces flexibility, too thin offers inadequate protection. These enhancements drive coating 
technology toward greater reliability and multifunctionality. 
 
Table 7.4 Effects of Surface Coatings on Tungsten Wire Performance 

Coating Type 
Deposition 

Method 

Performance 

Improvement 
Application Field 

Technical 

Challenges 

Tungsten Carbide 

(WC) 
CVD 

Wear resistance up 

2-3x 
Cutting tools Thickness control 

Tungsten Nitride 

(WN) 
PVD 

Oxidation loss 

down 90% 
Aerospace 

High-temp 

delamination 

Graphene 
Van der Waals 

deposition 

Conductivity up 

20% 
Flexible electronics Bonding strength 

WN+Al₂O₃ Multi-

layer 
CVD+PVD 

Delamination down 

40% 

High-temp 

components 
Process complexity 

 
7.3 Future Trends 
The future of cut-resistant tungsten wire will be shaped by technological innovation, environmental 
demands, and interdisciplinary applications, promising an exciting outlook. 
 
7.3.1 Development of Novel Tungsten Wire Materials 
Research on novel tungsten wire materials aims to surpass current performance limits for extreme 
environments. Doping is a key focus, with rare-earth elements (e.g., lanthanum, cerium) or transition 
metals (e.g., rhenium, molybdenum) enhancing high-temperature strength and oxidation resistance. 
Studies show rhenium-doped tungsten wire reduces creep rates by 50% at 2500°C, offering new 
options for aerospace high-temperature components. Nanostructured tungsten wire development 
pushes toward smaller sizes and higher performance, such as self-assembled porous tungsten wire 
with 2-3 times greater surface area, ideal as a catalyst support. 
 
Research on alloyed tungsten wire is accelerating. Tungsten-molybdenum-rhenium ternary alloys 
combine tungsten’s high melting point, molybdenum’s ductility, and rhenium’s corrosion resistance, 
extending fatigue life by 60% over pure tungsten, with potential in nuclear fusion and deep-space 
probes. Additive manufacturing (3D printing) revolutionizes tungsten wire forming. Laser powder 
bed fusion (LPBF) prints complex structures like porous tungsten wire grids with 10%-30% porosity 
control, suited for thermal management. High-entropy alloys (HEAs) like tungsten-niobium-
molybdenum-tantalum retain strength at 2000°C via multi-element synergy. Cost-performance 
balance remains a challenge—3D-printed tungsten wire raw material costs are 50% higher than 
traditional drawing, requiring process optimization for industrial adoption. 
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Table 7.5 Development Directions and Performance Goals for Novel Tungsten Wire Materials 

Material Type 
Development 

Technique 

Target 

Performance 
Application Field Current Progress 

Rhenium-Doped 

Tungsten 
Doping + Drawing 

Creep rate down 

50% 
Aerospace 

Small-batch 

production 

Nanoporous 

Tungsten 

Self-Assembly + 

Annealing 

Surface area up 2-

3x 
Catalyst support Lab validation 

W-Mo-Re Alloy Powder Metallurgy Fatigue life up 60% Nuclear fusion Performance testing 

3D-Printed 

Tungsten 
LPBF Porosity 10%-30% 

Thermal 

management 

Process 

optimization 

 
7.3.2 Sustainability and Environmental Considerations 
Sustainability and environmental demands are reshaping tungsten wire technology. Tungsten 
mining and refining are energy-intensive and polluting, necessitating green metallurgy like 
bioleaching, which uses microbes to extract tungsten, reducing chemical use and wastewater by 
~70%. Recycling and reusing tungsten wire is a priority, with high-temperature melting or acid 
dissolution recovering up to 80% of scrap wire. In wire cutting, current recycling rates are 30%, but 
electromagnetic separation and chemical purification could raise this to 70%, reducing primary 
tungsten mining needs. 
 
Carbon emission control in production is critical. Using renewable energy (e.g., solar, wind) for 
drawing and heat treatment cuts carbon footprints by 40%-50%. A European tungsten wire plant, 
with 80% solar-powered production, reduces CO₂ emissions by ~5,000 tons annually. At the 
application end, low-toxicity alternatives like lanthanum-doped wire replace thorium-doped wire, 
minimizing radiation risks for medical and electronics use. Life cycle assessments (LCA) show that 
optimizing supply chains and extending service life cuts environmental impact by 30%. These green 
technologies require policy support and industry collaboration for sustainable tungsten wire 
development. 
 
Table 7.6 Sustainability Improvements and Effects for Tungsten Wire 

Improvement 

Measure 
Technique Expected Effect 

Implementation 

Challenge 
Current Status 

Green Metallurgy Bioleaching 
Wastewater down 

70% 
Process scaling Experimental stage 

Scrap Wire 

Recycling 

Electromagnetic 

Separation + Purification 

Recycling up to 

70% 
High cost Small-scale use 

Renewable Energy 

Use 
Solar power 

Carbon footprint 

down 40%-50% 

High initial 

investment 

Partial factory 

adoption 

Low-Toxicity 

Alternatives 
Lanthanum doping 

Reduced radiation 

risk 

Performance 

validation 
Gradual rollout 
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7.3.3 Exploration of Interdisciplinary Applications 
Interdisciplinary applications are expanding tungsten wire’s potential in emerging fields. In 
biomedicine, combining tungsten wire with tissue engineering—e.g., biodegradable wire with 
polylactic acid coatings for temporary vascular stents—shows promise. Studies indicate complete 
degradation within six months, supporting vessel regeneration and reducing long-term risks. In 
quantum technology, ultra-fine tungsten wire serves as quantum conductors for low-temperature 
connections in quantum computing, outperforming copper with 20% lower transmission loss at 4K, 
such as in qubit interconnects. 
 
In energy, tungsten wire could serve nuclear fusion, like plasma confinement components in the 
International Thermonuclear Experimental Reactor (ITER). Its high melting point and radiation 
resistance withstand 5000°C plasma impacts, with tungsten wire-reinforced composites extending 
life by 50% in fusion settings. In smart manufacturing, integrating tungsten wire with sensors creates 
adaptive cutting tools, adjusting parameters based on real-time wear monitoring, boosting efficiency 
by ~20%. For instance, in aerospace part machining, adaptive tools adjust wire speed dynamically, 
cutting breakage by 30%. In space exploration, tungsten wire supports thermal protection systems 
for planetary probes, like Mars landers, with its density and heat resistance ensuring structural 
integrity in extreme conditions. These applications demand deep integration of materials science, 
physics, and engineering, propelling tungsten wire technology to new heights. 
 
Table 7.7 Interdisciplinary Application Fields and Key Performance of Tungsten Wire 

Application Field 
Typical 

Application 
Key Performance Technical Needs 

Development 

Stage 

Biomedical Degradable stents 
Degrades in 6 

months 
Biocompatibility Lab research 

Quantum 

Technology 

Quantum 

conductors 

Loss down 20% at 

low temp 
Ultra-fine size Initial validation 

Nuclear Fusion 
Plasma 

confinement 
Life up 50% 

Radiation 

resistance 

Experimental 

testing 

Smart 

Manufacturing 

Adaptive cutting 

tools 
Efficiency up 20% Sensor integration 

Prototype 

development 

Space Exploration Thermal protection 
High density, heat 

resistance 

Structural 

optimization 
Conceptual design 
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Chapter 8: Economic and Industrial Analysis of Cut-Resistant Tungsten Wire 
 
8.1 Cost Analysis 
As a high-performance material, the production costs and economic benefits of cut-resistant 
tungsten wire directly impact its market competitiveness and application scope. 
 
8.1.1 Composition of Production Costs 
The production costs of cut-resistant tungsten wire primarily consist of raw materials, processing 
techniques, and energy consumption. Tungsten raw materials are the core cost component. 
According to Chinatungsten Online data for 2024, the average price of tungsten concentrate (65% 
WO₃) is approximately RMB 137,000/ton, ammonium paratungstate (APT) averages RMB 
203,000/ton, and tungsten powder costs about RMB 304.5/kg. Calculations show that raw materials 
account for 40%-50% of the total cost of cut-resistant tungsten wire. Processing techniques—
including powder metallurgy, wire drawing, and surface treatment—contribute 25%-30%, with the 
drawing process being costly due to multiple passes and precision molds (e.g., diamond molds). 
Energy consumption, mainly from high-temperature sintering (2200-2500°C) and annealing, 
accounts for 15%-20% of total costs, with electricity expenses being particularly significant in 
regions with high energy prices. Additionally, the use of doping elements (e.g., rhenium, potassium) 
and functional coatings (e.g., WC, WN) further increases costs, adding 10%-15% in high-
performance tungsten wire production. Cost control is a key challenge in production. For example, 
adopting efficient sintering furnaces and renewable energy can reduce energy expenditure by about 
20%, while recycling waste tungsten wire (increasing recovery rates to 70%) can decrease reliance 
on primary tungsten, saving 15%-25% on raw material costs. However, equipment depreciation and 
labor costs cannot be overlooked, especially in small- and medium-sized enterprises with lower 
automation levels, where these indirect costs may exceed 10% of the total. 
 
Overall, the production cost of cut-resistant tungsten wire ranges from RMB 450-1,100/kg, 
depending on specifications and performance requirements. High-performance nanoscale or 
composite tungsten wire costs may double, reaching RMB 1,500-2,200/kg. The table below details 
the main cost components: 
 
Table 8.1 Composition of Cut-Resistant Tungsten Wire Production Costs (2025 Estimate) 

Cost Category Proportion Range Cost/KG (RMB) Influencing Factors 

Tungsten Raw Materials 40%-50% 180-550 Tungsten ore price, supply stability 

Processing Techniques 25%-30% 110-330 Drawing passes, mold wear 

Energy Consumption 15%-20% 70-220 Sintering temperature, energy prices 

Additional Materials 10%-15% 50-165 Doping elements, coating type 

Other (Depreciation, etc.) 10%-15% 40-165 Equipment automation, labor costs 

Total 100% 450-1,100(standard) High-performance products: 1,500-2,200 

Disclaimer: Data is based on China Tungsten Online 2024 market information and 2025 trend projections, subject 

to fluctuations due to raw material prices, geopolitical factors, and technological changes. For reference only.  
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8.1.2 Balancing Cost and Performance 
In actual production, balancing cost and performance is central to business decisions. High-
performance tungsten wire (e.g., rhenium-doped or nanostructured) offers superior strength, wear 
resistance, and thermal stability, significantly enhancing downstream product lifespan and efficiency, 
but at a high cost. For instance, rhenium-doped tungsten wire costs approximately RMB 1,500-
1,700/kg—50%-100% more than standard wire—yet doubles service life in aerospace high-
temperature components, indirectly reducing maintenance and replacement costs. Conversely, low-
cost options like pure tungsten wire suit less demanding applications (e.g., general wire cutting) but 
lack the durability and precision required for high-end markets. 
 
This balance is also evident in process optimization. Reducing drawing passes or refining annealing 
parameters can cut processing costs by 10%-15%, but may compromise diameter tolerance or 
surface finish, limiting use in premium applications. Companies must weigh these factors based on 
target markets—e.g., the photovoltaic industry prioritizes cost control, while aerospace emphasizes 
performance. 
 
8.2 Market Demand and Supply 
The demand and supply dynamics of cut-resistant tungsten wire are influenced by technological 
progress, industrial distribution, and global economic conditions, exhibiting evolving trends. 
 
8.2.1 Global Market Demand Trends 
Demand for cut-resistant tungsten wire primarily stems from aerospace, electronics manufacturing, 
photovoltaics, and medical devices. By 2025, global demand is projected to reach 5,000-6,000 tons 
annually, a 30% increase from 2020, with a compound annual growth rate (CAGR) of 5%-7%. 
Aerospace is the largest driver, accounting for 25%-30% of demand, due to its reliance on high-
temperature and wear-resistant materials—e.g., rocket nozzle and turbine blade production 
consumes ~1,500 tons yearly. The photovoltaic industry follows at 20%-25%, driven by rapid 
growth in solar cell silicon wafer cutting, with monocrystalline silicon ingot cutting requiring 
~1,200 tons annually. Electronics manufacturing and medical devices each contribute 15%-20%, 
fueled by rising demand for nanoscale wire in flexible electronics and minimally invasive surgical 
tools. 
 
Technological innovation further boosts demand. For example, 5G equipment increases the need for 
precise ceramic substrate cutting, driving a 10%-15% annual rise in diamond wire saw tungsten 
wire demand. Regionally, Asia-Pacific (especially China) dominates with over 50% of global 
demand, thanks to its photovoltaic and electronics hubs; North America and Europe account for 25% 
and 20%, respectively, focusing on high-end applications. Looking ahead, smart manufacturing and 
renewable energy growth will likely push demand higher, particularly in emerging markets (e.g., 
India, Southeast Asia), where demand growth could exceed 10% by 2030. 
 
8.2.2 Supply Chain and Key Producers 
The supply chain for cut-resistant tungsten wire is dominated by China, which produces over 80% 
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of the global supply. CTIA GROUP, with nearly 30 years in the tungsten-molybdenum industry, 
specializes in flexible global customization of tungsten-molybdenum products, tailoring 
specifications, performance, dimensions, and grades to customer needs. For inquiries about 
purchasing or customizing tungsten wire, including detailed information, market trends, and latest 
pricing, contact CTIA GROUP. Visit our professional tungsten wire website for more insights and 
product details. 
 
8.3 Industrial Challenges and Opportunities 
The cut-resistant tungsten wire industry faces both challenges and opportunities amid rapid growth. 
 
8.3.1 Challenges in Technology and Market Competition 
Technical barriers deter new entrants, as nanoscale tungsten wire production requires costly 
equipment (e.g., PECVD systems costing over RMB 7 million) and certifications (e.g., AMS 
standards). Low-end market profit margins have dropped to 5%-8% due to competition, while the 
high-end market is dominated by a few giants. Environmental regulations inflate costs, with China’s 
compliance expenses expected to rise 15%-20% by 2025. Supply chain reliance on China, coupled 
with 2024 export restrictions, has increased global raw material prices by 10%-15%, impacting 
stability. 
 
8.3.2 Opportunities and Future Prospects 
Technological advances offer opportunities—e.g., 3D-printed tungsten wire cuts complex 
component costs by 30%, unlocking new markets. Green metallurgy (e.g., bioleaching), if scaled, 
could reduce costs per ton by 10%-15%. Emerging fields like nuclear fusion may see 50% demand 
growth, with market value potentially exceeding RMB 19 billion. Collaborations between 
photovoltaic firms and tungsten producers to develop low-cost wire highlight technical and market 
potential. The industry is entering a technology-driven transformation phase. 
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Chapter 9: Appendix 
 
9.1 Glossary 
 
(1) Aerospace Material Specification (AMS) 

A material standard established by the Society of Automotive Engineers (SAE) for high-
performance materials in the aerospace industry, such as AMS 7880, which specifies the high-
temperature performance of tungsten wire. 
AMS（航空材料规范） 
由美国航空航天学会制定的材料标准，适用于航空航天领域的高性能材料，如 AMS 7880
规范钨丝的高温性能。 
 

(2) American Society for Testing and Materials (ASTM) 
An international organization that develops standards for material testing and specifications, 
such as ASTM B760-07, which defines the purity and performance requirements for tungsten 
materials. 
ASTM（美国材料与试验协会） 
制定材料测试和规范的国际组织，其标准如 ASTM B760-07 规定钨材料的纯度和性能要

求。 
 

(3) Compound Annual Growth Rate (CAGR) 
A measure of the average annual growth rate of a market or demand over a specific period, such 
as the CAGR of demand for cut-resistant tungsten wire. 
CAGR（年复合增长率） 
用于衡量市场或需求在特定时期内的平均增长率，如耐切割钨丝需求的年复合增长率。 

 
(4) Electrical Discharge Machining (EDM) 

A technology that uses the principle of electrical discharge to perform high-precision metal 
processing, where cut-resistant tungsten wire is often used as the electrode wire. 
EDM（电火花线切割） 
一种利用电火花放电原理进行高精度金属加工的技术，耐切割钨丝常作为电极丝使用。 
 

(5) Chinese National Standard (GB/T) 
A national standard established by China, such as GB/T 4197-2017, which specifies the 
performance and quality requirements for tungsten wire. 
GB/T（中国国家标准） 
中国制定的国家标准，如 GB/T 4197-2017 规定钨丝的性能和质量要求。 
 

(6) Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 
A highly sensitive chemical analysis technique used to detect trace impurities in tungsten wire. 
ICP-MS（电感耦合等离子体质谱） 
一种高灵敏度的化学分析技术，用于检测钨丝中的微量杂质元素。 
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(7) International Organization for Standardization (ISO) 
An organization that develops international standards, such as ISO 9001:2015, which regulates 
quality management systems. 
ISO（国际标准化组织） 
制定国际标准的机构，如 ISO 9001:2015 规范质量管理体系。 
 

(8) Plasma-Enhanced Chemical Vapor Deposition (PECVD) 
An advanced technology for preparing nanoscale tungsten wire or coatings, which deposits thin 
films on substrates through plasma-enhanced chemical reactions. 
PECVD（等离子体增强化学气相沉积） 
一种制备纳米级钨丝或涂层的先进技术，通过等离子体增强化学反应在基材上沉积薄膜。 
 

(9) Surface Roughness (Ra) 
A measure of the surface finish of a material, in micrometers (μm), with the Ra of cut-resistant 
tungsten wire typically controlled below 0.1 μm. 
Ra（表面粗糙度） 
衡量材料表面光洁度的指标，单位为微米（μm），耐切割钨丝的 Ra 通常需控制在 0.1 μm
以下。 
 

(10)  Scanning Electron Microscope (SEM) 
A microscopy technique used to observe the surface morphology and microstructure of tungsten 
wire, with magnification up to 100,000 times. 
SEM（扫描电子显微镜） 
用于观察钨丝表面形貌和微观结构的显微镜技术，放大倍数可达 10 万倍。 

 
(11)  Six Sigma 

A quality management methodology aimed at reducing production defect rates to 3 parts per 
million (PPM), widely used in high-end tungsten wire production.  
Six Sigma（六西格玛） 
一种质量管理方法，旨在将生产缺陷率降至百万分之三（3 PPM），广泛应用于高端钨丝

生产。 
 

(12)  Tungsten Inert Gas Welding (TIG Welding) 
A welding technology that uses a tungsten electrode, where cut-resistant tungsten wire is often 
used as the electrode material. 
TIG 焊（钨极惰性气体保护焊） 
一种使用钨电极进行焊接的技术，耐切割钨丝常作为电极材料。 
 

(13)  Nano Tungsten Wire 
Ultrafine tungsten wire with a diameter ranging from 1-100 nm, possessing excellent 
mechanical properties and conductivity, suitable for flexible electronics and biomedical fields. 
纳米钨丝 
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直径在 1-100 nm 范围内的超细钨丝，具有优异的力学性能和导电性，适用于柔性电子和

生物医学领域。 
 

(14)  Doped Tungsten Wire 
Alloyed tungsten wire with improved performance through the addition of trace elements (such 
as rhenium, potassium), commonly used in high-temperature and wear-resistant applications. 
掺杂钨丝 
通过添加微量元素（如铼、钾）改善钨丝性能的合金化钨丝，常用于高温和耐磨应用。 
 

(15)  Grain Refinement 
A process that reduces the internal grain size of tungsten wire through controlled production 
techniques, thereby enhancing its strength and toughness. 
晶粒细化 
通过控制生产工艺使钨丝内部晶粒尺寸减小，从而提升其强度和韧性。 
 

(16)  Heat Treatment 
A process that alters the microstructure and properties of tungsten wire through heating and 
cooling, such as annealing to eliminate internal stress. 
热处理 
通过加热和冷却改变钨丝微观结构和性能的过程，如退火可消除内应力。 

 
(17)  Biocompatibility 

The ability of a material to not cause adverse reactions when in contact with biological 
organisms, with coated tungsten wire in medical devices required to meet ISO 10993 standards. 
生物相容性 
材料与生物体接触时不引起不良反应的能力，涂层钨丝在医疗器械中需满足 ISO 10993
标准。 

 
(18)  Carbon Footprint 

The amount of greenhouse gas emissions produced during manufacturing, with the production 
of cut-resistant tungsten wire needing to consider its environmental impact and comply with 
ISO 14001 requirements. 
碳足迹 
生产过程中产生的温室气体排放量，耐切割钨丝生产需关注其环境影响，符合 ISO 14001
要求。 

 
(19)  3D Printed Tungsten Wire 

Tungsten wire prepared using additive manufacturing technology, featuring complex shapes 
and customized performance, with broad future application prospects. 
3D 打印钨丝 
利用增材制造技术制备的钨丝，具有复杂形状和定制化性能，未来应用前景广阔。 
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