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INTRODUCTION TO CTIA GROUP 

 

CTIA GROUP LTD， a wholly-owned subsidiary with independent legal personality established by CHINATUNGSTEN ONLINE , is 

dedicated to promoting the intelligent, integrated, and flexible design and manufacturing of tungsten and molybdenum materials in the 

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

top-tier tungsten products website—is the country's pioneering e-commerce company focusing on the tungsten, molybdenum, and rare earth 

industries. Leveraging nearly three decades of deep experience in the tungsten and molybdenum fields, CTIA GROUP inherits its parent 

company's exceptional design and manufacturing capabilities, superior services, and global business reputation, becoming a comprehensive 

application solution provider in the fields of tungsten chemicals, tungsten metals, cemented carbides, high-density alloys, molybdenum, 

and molybdenum alloys. 

 

Over the past 30 years, CHINATUNGSTEN ONLINE has established more than 200 multilingual tungsten and molybdenum professional 

websites covering more than 20 languages, with over one million pages of news, prices, and market analysis related to tungsten, 

molybdenum, and rare earths. Since 2013, its WeChat official account "CHINATUNGSTEN ONLINE" has published over 40,000 pieces 

of information, serving nearly 100,000 followers and providing free information daily to hundreds of thousands of industry professionals 

worldwide. With cumulative visits to its website cluster and official account reaching billions of times, it has become a recognized global 

and authoritative information hub for the tungsten, molybdenum, and rare earth industries, providing 24/7 multilingual news, product 

performance, market prices, and market trend services. 

 

Building on the technology and experience of CHINATUNGSTEN ONLINE, CTIA GROUP focuses on meeting the personalized needs of 

customers. Utilizing AI technology, it collaboratively designs and produces tungsten and molybdenum products with specific chemical 

compositions and physical properties (such as particle size, density, hardness, strength, dimensions, and tolerances) with customers. It offers 

full-process integrated services ranging from mold opening, trial production, to finishing, packaging, and logistics. Over the past 30 years, 

CHINATUNGSTEN ONLINE has provided R&D, design, and production services for over 500,000 types of tungsten and molybdenum 

products to more than 130,000 customers worldwide, laying the foundation for customized, flexible, and intelligent manufacturing. Relying 

on this foundation, CTIA GROUP further deepens the intelligent manufacturing and integrated innovation of tungsten and molybdenum 

materials in the Industrial Internet era. 

 

Dr. Hanns and his team at CTIA GROUP, based on their more than 30 years of industry experience, have also written and publicly released 

knowledge, technology, tungsten price and market trend analysis related to tungsten, molybdenum, and rare earths, freely sharing it with 

the tungsten industry. Dr. Han, with over 30 years of experience since the 1990s in the e-commerce and international trade of tungsten and 

molybdenum products, as well as the design and manufacturing of cemented carbides and high-density alloys, is a renowned expert in 

tungsten and molybdenum products both domestically and internationally. Adhering to the principle of providing professional and high-

quality information to the industry, CTIA GROUP's team continuously writes technical research papers, articles, and industry reports based 

on production practice and market customer needs, winning widespread praise in the industry. These achievements provide solid support 

for CTIA GROUP's technological innovation, product promotion, and industry exchanges, propelling it to become a leader in global 

tungsten and molybdenum product manufacturing and information services. 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

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

production with 30 years of experience. 

 

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

mature technology. 

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

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

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

performance. 

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

100,000+ customers 

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

sports and entertainment and other fields. 

Service commitment 

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

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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Chapter 1 Basic Concepts and Development Background of Tungsten-Molybdenum-Nickel-

Iron Alloy 

 

1.1 Definition and composition characteristics of tungsten-molybdenum-nickel-iron alloy 

 

Tungsten-molybdenum-nickel-iron (W-Mo-Ni-Fe) alloy is a high-density alloy system composed 

primarily of tungsten (W), supplemented by molybdenum (Mo), nickel (Ni), and iron (Fe). It is 

widely used in aerospace, nuclear energy, military, medical protection, and high-end manufacturing. 

This alloy not only retains tungsten's high melting point, high density, and excellent radiation 

resistance, but also achieves optimized microstructure and synergistically enhanced mechanical 

properties through the addition of molybdenum, nickel, and iron. 

 

1. Definition and Naming Conventions 

Tungsten-molybdenum-nickel-iron (Tungsten-Molybdenum-Ni-Fe) is a type of high-density, 

multicomponent alloy within the tungsten-based heavy alloy (WHAs). Its name is typically based 

on the mass fraction of tungsten in the alloy, such as a W-Ni-Fe alloy containing approximately 90-

97 wt% W. Introducing molybdenum (Mo) as a second, high-melting-point component can create a 

W-Mo-Ni-Fe composite system with increased toughness and thermal stability, forming a 

quaternary or quaternary-like W-Mo-Ni-Fe alloy. 

 

These alloys have the following core characteristics: 

• High density (≥17.0 g/cm³) , suitable for inertial components and radiation protection; 

• Good machinability , easier to cut, weld and form than pure tungsten; 

• Excellent balance of strength and toughness , with Ni and Fe forming a bonding phase 

to improve plasticity and crack resistance; 

• Outstanding thermal stability , especially after the introduction of Mo, the high 

temperature creep resistance is enhanced; 

• It has excellent corrosion resistance and radiation resistance , meeting the service 

requirements in extreme environments. 

 

2. Functional Analysis of the Main Constituent Elements 

Tungsten (W), the primary component of the alloy, imparts its extremely high density (19.3 g/cm³), 

high melting point (3410°C), and excellent radiation resistance. The addition of tungsten determines 

the material's application value in high-energy, high-load scenarios. 

 

Molybdenum (Mo) has a high melting point (2623°C) and excellent solid-solution strengthening 

capabilities. Its addition can refine grains and improve high-temperature mechanical properties and 

oxidation resistance. Mo also alleviates the thermal expansion mismatch between W particles and 

the Ni-Fe matrix, improving interfacial bonding strength. 
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Nickel (Ni) is a primary component of the binder phase. It forms a gamma solid solution with iron 

in the alloy, helping to improve the material's plasticity, impact resistance, and ductility. Ni also 

possesses a certain degree of corrosion resistance and antimagnetism, contributing to the alloy's 

electromagnetic shielding capabilities. 

 

Iron (Fe) acts as an auxiliary bonding element to strengthen the bonding phase, improve the strength 

of the alloy, and is beneficial for regulating the magnetic response characteristics of the alloy (it can 

be designed as a weak magnetic or non-magnetic type). 

 

3. Typical organizational structure characteristics 

Tungsten-molybdenum-nickel-iron alloys usually exhibit a dual-phase structure: 

• Tungsten-molybdenum solid solution particles (hard phase): as a reinforcing phase, they 

are discontinuously distributed and determine the strength and density of the alloy; 

• Ni-Fe or Ni-Fe-Mo solid solution bonding phase : It fills between hard particles, plays 

the role of connection and stress transfer, and has a decisive influence on the ductility and 

toughness of the alloy. 

 

The uniformity of the structure and the quality of the phase interface bonding are the key factors 

that determine the service performance of tungsten-molybdenum-nickel-iron alloy. 

 

4. Diversity and Ratio Design of Tungsten-Molybdenum-Nickel-Iron Alloy 

According to the performance requirements of different application scenarios, the alloy can be 

designed and adjusted in the following ways: 

• Tungsten content adjustment : Commonly 85%, 90%, 95%, etc., to adjust density and 

strength; 

• Changes in molybdenum substitution ratio : partially replacing tungsten or adding it into 

the binder phase to improve heat resistance and chemical stability; 

• Ni:Fe ratio : Common ratios include 7:3, 8:2, 1:1, etc., which are used to adjust the 

toughness and magnetic properties of the alloy; 

• Trace element addition : such as Co, Cr, Ti, Re, etc. are used to optimize special properties. 

 

5. Summary of Material Characteristics 

Performance characteristics Performance of tungsten-molybdenum-nickel-iron alloy 

density Up to 17~18.5 g/cm³ 

Melting point range Higher than tungsten-nickel-iron alloy, overall stability is improved 

Strength-toughness balance Excellent, suitable for shock resistance/high load occasions 

Thermal conductivity Good, suitable for thermal control systems 

Magnetic control Can be designed as weak magnetic/non-magnetic type 

Machinability Significantly better than pure tungsten, enabling precision machining 

Corrosion resistance and radiation 

resistance 

Outstanding, adaptable to extreme service environment 
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In summary, tungsten-molybdenum-nickel-iron alloy, as a high-performance, versatile, and high-

density advanced material system, maintains the advantages of tungsten alloy while achieving an 

ideal balance of strength, toughness, temperature resistance, and workability through the 

introduction of molybdenum and an optimized Ni-Fe binder phase. It has become an irreplaceable 

key material in aerospace, defense, nuclear energy, and high-end industrial manufacturing. 

 

1.2 Development History and Strategic Significance of Tungsten-Molybdenum-Nickel-Iron 

Alloy 

 

As an advanced, high-density, multicomponent alloy system, the development of tungsten-

molybdenum-nickel-iron not only epitomizes the continuous advancement of high-performance 

structural materials but also embodies the convergence of metallurgy, powder metallurgy, materials 

science, and national defense technology. The alloy's birth and evolution spanned several key 

technological eras from the mid-twentieth century to the present, making it a typical example of a 

"technology-driven, application-driven" new material. 

  

1. Overview of Development History 

1. Origin: The development foundation of high-density tungsten-based alloys (1940s to 1960s) 

The development of tungsten-based high-density alloys first emerged during World War II, when 

the military industry urgently needed a material with high density, high strength, and excellent 

radiation resistance for applications such as armor-piercing projectile cores, missile counterweights, 

and inertial flight control devices. Against this backdrop, the W-Ni-Fe system emerged. Produced 

using powder metallurgy, this system overcomes the processing difficulties of pure tungsten and 

achieves breakthroughs in structural properties. 

 

At that time, tungsten-nickel-iron alloy already had good density (17-18.5 g/cm³) and machinability, 

making it a standard material for military armor-piercing projectiles and inertial guidance devices. 

 

2. Extension: Introduction of molybdenum and complexity of alloy systems (1970s to 1990s) 

From the late Cold War to its end, conventional tungsten-nickel-iron alloys gradually faced 

challenges with poor creep performance and insufficient structural stability in high-temperature 

environments, particularly in nuclear power, hypersonic vehicles, and deep space exploration. 

Researchers began experimenting with introducing molybdenum (Mo) into this system, leveraging 

its high melting point and heat resistance to enhance the alloy's high-temperature structural stability. 

Mo also strengthened the binder phase, improving interfacial bonding strength and corrosion 

resistance. 

 

During this period, the microstructure design of tungsten-molybdenum-nickel-iron alloys became 

more complex, and the material properties were significantly optimized. Los Alamos National 

Laboratory in the United States, the Institute of New Materials in the Soviet Union, and Sumitomo 

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 10 页 共 152 页 

Metal Industries in Japan successively developed W-Mo-Ni-Fe alloy systems with varying ratios 

for use in nuclear fuel cladding, aerospace shielding, and high-temperature inertial components. 

 

3. Maturity: Dual-use and industrialized (since the early 21st century) 

With the advancement of powder metallurgy, isostatic pressing, precision sintering, and additive 

manufacturing, tungsten-molybdenum-nickel-iron alloys have evolved from a "strategic material" 

to a key component of military-civilian integration and high-end industrial manufacturing. They are 

widely used not only in modern aviation, aerospace, shipbuilding, and defense systems, but also in 

civilian applications such as medical radiotherapy, precision electronic equipment, radiation 

shielding, and high-temperature vacuum equipment. 

 

Especially in high-end medical equipment such as imaging equipment, gamma-ray source 

protection structures, or in electromagnetic shielding of microwave communication devices, 

tungsten-molybdenum-nickel-iron alloy has become an irreplaceable core structural material due to 

its multifunctionality, controllable magnetism and excellent density. 

  

2. Strategic Significance Analysis 

The development of tungsten-molybdenum-nickel-iron alloy is not only a breakthrough in material 

technology, its strategic value is reflected in the following aspects: 

1. National defense security materials 

This alloy has long been considered a critical national defense material . Widely used in kinetic 

projectile cores, tail bay stabilizers, inertial structures for anti-satellite systems, and ship armor, it is 

an indispensable core material for modern precision strike systems. The balanced strength and 

toughness, high density, and impact resistance of tungsten-molybdenum-nickel-iron alloys give 

them significant advantages in armor-piercing capability, flight stability, and seismic reliability. 

 

In many countries, this material is subject to export controls and included in lists of "specialty 

metals" for the military sector. For example, the US ITAR regulations, China's "Dual-Use Items 

List," and the EU REACH framework all strictly regulate its export uses. 

 

2. Key materials for nuclear energy and radiation protection 

Tungsten and its alloys are among the most important neutron-resistant materials today. The addition 

of molybdenum not only improves the material's stability in high-temperature nuclear reactors, but 

also enhances its corrosion resistance and neutron absorption uniformity. Therefore, tungsten-

molybdenum-nickel-iron alloys play a vital role in systems such as nuclear fuel cladding, nuclear 

thermoelectric conversion structures, and neutron shielding . 

 

In addition, tungsten-molybdenum-nickel-iron alloy has become an important candidate direction 

in the research of new-generation fusion reactor cladding materials and ADS accelerator target 

materials , and has obvious national energy strategic significance. 

 

3. Supporting materials for high-end manufacturing 
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With the advancement of technologies such as aircraft engines, deep space probes, and high-speed 

trains, the demand for precision quality control and high-inertia components is increasing. Tungsten-

molybdenum-nickel-iron alloys offer excellent dynamic balance, thermal conductivity, and anti-

magnetic properties, making them ideal materials for key components such as gyroscope flywheels, 

inertial guidance rotors, stabilizers, and aerospace attitude control devices . 

 

In addition, its excellent heat dissipation capability and electromagnetic shielding performance also 

play an important role in cutting-edge fields such as 5G communication equipment, high-power 

laser systems, and industrial accelerators . 

 

4. Global Rare Resource Strategy and Independent Security Capacity Building 

Both tungsten and molybdenum are strategic rare metal resources. Tungsten resources are 

particularly concentrated globally, with China holding nearly 60% of global tungsten reserves . 

China also leads the world in molybdenum reserves and production. The development and 

independent control of tungsten-molybdenum-nickel-iron alloys not only ensures the security of the 

industrial chain but also provides material support for the advancement of high-end manufacturing 

and military-civilian integration. 

 

In the strategies of "breaking through key core technologies" and "building a strong country in 

materials", tungsten-molybdenum-nickel-iron alloy, as a strategic pillar material, has been included 

in many major national projects and new materials development plans (such as the "New Materials 

Industry Development Guidelines" and the "Military-Civilian Integration Materials Development 

Roadmap"). 

  

III. Future Outlook 

With the rise of new material technologies such as high-entropy alloy design concepts, additive 

manufacturing, interface microstructure control, and nanoparticle enhancement, tungsten-

molybdenum-nickel-iron alloys still have much room for breakthroughs in the future. They will 

show greater development potential in the following areas: 

• Organization stability optimization and composite structure design for extreme service 

environments ; 

• Application of complex functional structures combining additive manufacturing and 

topology optimization ; 

• Applied to future strategic technology systems such as deep space exploration and 

nuclear fusion energy ; 

• Promote its full penetration into high-end civilian industrial chains (such as medical, 

biological, and precision control). 

  

In summary, tungsten-molybdenum-nickel-iron alloy is not only an extension and optimization of 

traditional high-density alloys, but also a key node material connecting national security, energy 

strategy, and high-end equipment manufacturing. Every breakthrough in its development is the 
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result of the synergistic effect of new material technology advancements and the evolution of major 

application scenarios, and it holds an irreplaceable strategic position. 

 

1.3 Application Driving Force and Material Advantages of Tungsten-Molybdenum-Nickel-

Iron Alloy 

 

Tungsten-molybdenum-nickel-iron (W-Mo-Ni-Fe) alloys, with their exceptional physical properties, 

mechanical strength, and environmental adaptability, have become widely adopted as high-

performance materials in critical applications. The expansion and deepening of their practical 

applications stem from evolving technological demands and engineering challenges. Understanding 

the driving forces behind the application of this alloy system can help us better grasp its material 

advantages and its strategic position in cutting-edge fields such as defense, energy, and 

manufacturing. 

  

1. Analysis of the main application driving forces 

1. Driven by high density and inertia demands 

Tungsten-molybdenum-nickel-iron alloys generally have a density of 17.0 to 18.8 g/cm³ . Their 

extremely high specific gravity makes them ideal materials for counterweights, balance, and inertial 

control. As modern spacecraft, missiles, satellites, and other systems increase their precision in flight 

attitude control, the demand for high-density, compact, and stable counterweight materials is 

growing significantly. 

These alloys are commonly used in: 

• Gyroscope flywheels, high-density components in inertial navigation systems; 

• Center of gravity adjustment and mass balancing of aircraft; 

• Dynamic balancing components of launch vehicle attitude control systems; 

• Civilian fields include high inertia devices such as clock balance pendulums and racing car 

counterweights. 

 

2. Driven by adaptability to extreme environments 

Tungsten and molybdenum possess high melting points, high strength, and low vapor pressure, 

making them stable in extreme environments such as high temperature, strong radiation, and severe 

corrosion. With the development of hypersonic vehicles, nuclear power plants, vacuum equipment, 

and deep space probes, the long-term service stability of materials in harsh environments has 

become a major challenge. 

 

Tungsten-molybdenum-nickel-iron alloy due to its: 

• Thermal shock resistance; 

• Resistant to neutron and gamma ray irradiation; 

• Resistant to molten metal corrosion and hydrogen embrittlement; 

• Ability to maintain strength above 1000°C; 

 

Widely used in: 
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• Nuclear reactor shielding assemblies and support structures; 

• Fusion reactor cladding and high-temperature exchange structure; 

• High-temperature molten salt energy storage system and ultra-high-temperature furnace 

wall. 

 

3. Driven by machinability and structural forming requirements 

While pure tungsten offers excellent properties, it is extremely difficult to process, particularly in 

precision forming and the fabrication of complex structural parts. However, tungsten-molybdenum-

nickel-iron alloys, by introducing binder phases such as Ni and Fe, significantly enhance the 

material's forgeability, machinability, and weldability while maintaining high density and strength. 

 

Therefore, this type of alloy has become an important material for manufacturing precision 

structural parts, such as: 

• Can process armor-piercing projectile cores and flight tail fins; 

• Counterweight systems with complex geometries; 

• Forming of large-sized hollow components and special-shaped parts. 

 

It has good compatibility with modern forming technologies such as additive manufacturing (AM), 

hot isostatic pressing (HIP), and precision rolling, which expands its scope of industrial application. 

 

4. Driven by the demand for multifunctional integration and composite applications 

With the increasing trend of miniaturization and high efficiency of equipment, materials are required 

to have multiple functions such as high density, thermal conductivity, radiation resistance, 

electromagnetic shielding, and weak magnetism. 

 

Tungsten-molybdenum-nickel-iron alloy has this advantage of "structure-function integration". By 

adjusting the Ni/Fe ratio and Mo doping, it can achieve: 

• Non-magnetic or weak magnetic control to meet the requirements of MRI medical 

environment and precision navigation; 

• Excellent thermal conductivity , can be used as a heat dissipation base for electronic 

components or as a plasma target; 

• Electromagnetic shielding performance , used for anti-interference design of radar 

electronic systems and signal processing devices; 

• Shock and fatigue resistant , suitable for long-term service under dynamic loads. 

  

2. Core material advantages of tungsten-molybdenum-nickel-iron alloy 

Performance Dimension Performance advantages 

High density 

characteristics 

≥17.0 g/cm³, superior to most metal alloys, making it the preferred material for inertial 

components and protective structures 

Strong comprehensive 

mechanical properties 

Possessing both high strength (tensile strength ≥ 800MPa) and good ductility (elongation > 10%) 
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Stable service at high 

temperature 

Maintains structural integrity in environments >1000°C, with excellent thermal shock and creep 

resistance 

Multifunctional and 

adjustable design 

It can realize the integration of anti-magnetic, thermal conductivity, radiation resistance, 

corrosion resistance, electromagnetic shielding and other functions 

Good processing and 

forming performance 

It has good weldability and machinability, is suitable for complex component manufacturing, 

and is compatible with additive manufacturing and isostatic pressing. 

Strong environmental 

adaptability 

Resistant to neutron irradiation, corrosion, salt spray, and high-temperature oxidation, it is 

suitable for a variety of environments such as aerospace, nuclear energy, and shipborne 

platforms. 

 

3. Overview of Industry Application Trends 

Application Areas Specific use Application Trends 

National Defense 

Industry 

Armor-piercing projectile core, missile tail 

compartment, radar anti-magnetic structure, 

inertial counterweight 

The demand for high density + anti-magnetic + 

easy processing composites has increased 

significantly 

Aerospace Attitude adjustment counterweight, gyro 

flywheel, attitude control propulsion system 

The trend of miniaturization, lightweight and 

multifunctional integration is obvious 

Nuclear energy 

system 

Fusion reactor shielding, fuel cladding, neutron 

moderator components 

Material stability and radiation resistance are 

the core research directions 

medical equipment Radiotherapy accelerator shielding blocks, MRI 

counterweights, CT protection components 

Non-magnetic + high density + non-toxic alloy 

solutions are gradually standardized 

Communications 

Electronics 

Thermal conductive bracket, electromagnetic 

interference shielding plate, thermal control 

backplane 

Functional composite materials gradually 

replace traditional copper and aluminum 

structural materials 

High-end 

manufacturing 

Laser focusing components, precision power 

structures, ultra-high temperature thermal field 

bushings 

Accelerate synergy and integration with 

advanced manufacturing (AM, PVD) 

 

IV. Comprehensive Evaluation and Future Directions  

: Tungsten-molybdenum-nickel-iron alloy has become the material of choice for many high-end 

projects because it combines the excellent properties of traditional high-density alloys with 

systematic improvements in machinability, versatility, and adaptability to extreme service 

environments. Its value will continue to grow in areas such as artificial intelligence manufacturing, 

aerospace propulsion systems, and new nuclear energy systems. 

 

Key development directions include: 

• Controllable organizational structure : grain refinement, bonding phase optimization, 

and interface enhancement; 

• Intelligent forming process : integrated with 3D printing, hot isostatic pressing, and 

intelligent rolling; 
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• Green design and recycling : development of low-toxic, cadmium-free, recyclable alloy 

formulas; 

• Novel multi-scale simulation design : Composition-structure-property prediction using 

CALPHAD and phase-field simulation. 

 

1.4 Comparative Analysis of Tungsten-Molybdenum-Nickel-Iron Alloy and Traditional 

Tungsten-Based Alloys 

 

Tungsten-based alloys are a class of high-density metallic materials primarily composed of tungsten 

(W), supplemented by a small amount of a metal binder phase (such as nickel, iron, and copper). 

They are widely used in aerospace, military, nuclear energy, and high-end manufacturing. As an 

improved and upgraded version of tungsten-based alloys, tungsten-molybdenum-nickel-iron (TNI) 

maintains the high-density characteristics of traditional tungsten-based alloys while significantly 

optimizing their microstructure, performance, and functional diversity through the introduction of 

molybdenum (Mo) and the regulation of the Ni/Fe ratio. This section systematically compares the 

key differences and performance advantages of TNI with traditional tungsten-based alloys. 

  

1. Differences in chemical composition and organizational structure 

Comparison Project Traditional tungsten-based alloys 

(W-Ni-Fe or W-Ni-Cu) 

Tungsten-molybdenum-nickel-iron alloy (W-Mo-Ni-

Fe) 

Main element W (85~98 wt%) W (80 ~ 93 wt%) + Mo (2 ~ 10 wt%) 

Binder metal Ni-Fe or Ni-Cu Mainly Ni-Fe system, the ratio can be fine-tuned 

Adding Elements No or small amounts of rare earth 

elements 

Mo is the main strengthening element, and some alloys 

add Co or Ti, etc. 

Organizational 

morphology 

Tungsten particles + γ phase binder Tungsten + molybdenum solid solution particles + 

strengthened Ni-Fe-Mo bonding phase 

Microstructural 

stability 

Medium, easy to coarsen after heating Higher, Mo inhibits grain growth, high temperature 

resistant structure 

 

The addition of molybdenum introduces a more stable high-temperature phase at the organizational 

level, improves the fluidity of the bonding phase and the interface bonding quality, thereby 

enhancing the density and structural stability of the overall alloy. 

  

2. Comparison of physical and mechanical properties 

Performance 

parameters 

Traditional tungsten-based alloys Tungsten-molybdenum-nickel-iron alloy 

Density (g/cm³) 17.0～18.5 17.2～18.8 (Mo slightly reduces density but has a tighter 

structure) 

tensile strength 700～900 MPa 800～1050 MPa 

Yield strength 500～650 MPa 600～850 MPa 

Elongation 8%～15% 10%～18% (some low magnetic types are better) 
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Hardness (HRC) 25～35 30～42（Mo-enhanced） 

Thermal stability 850~950°C Maintains strength ≥1100°C still maintains structural integrity 

Hot corrosion 

resistance 

Generally, especially unstable in 

acidic/halogen environments 

Good resistance to molten salt, corrosive atmosphere and high 

temperature oxidation 

 

In terms of mechanical properties, tungsten-molybdenum-nickel-iron alloy has higher strength, 

toughness and fatigue life than traditional tungsten-based alloys, and is suitable for service 

requirements in more complex load conditions and harsh environments. 

  

3. Comparison of processing performance and process adaptability 

Comparison Project Traditional tungsten-

based alloys 

Tungsten-molybdenum-nickel-iron alloy 

Hot workability Good, suitable for hot 

forging and hot extrusion 

Also good, but the mobility brought by Mo needs 

to be properly controlled 

Machinability Can be turned, milled, 

ground, etc. 

Machinability is better than pure tungsten, slightly 

worse than traditional W-Ni-Cu system 

Welding performance Poor, sensitive to thermal 

cracks 

Mo is added to improve joint performance and 

adapt to laser welding 

Isostatic compatibility Suitable for CIP and HIP More suitable for HIP, high densification rate and 

strong interface bonding 

Additive manufacturing 

compatibility 

Powder adaptability needs to 

be adjusted 

It has good compatibility with laser cladding and 

can develop special grades for 3D printing 

 

Tungsten-molybdenum-nickel-iron alloy has a wider range of process adaptability and is 

particularly suitable for high-end processing routes such as hot isostatic pressing, precision forming 

and modern additive manufacturing. 

  

4. Comparison of functionality and comprehensive application 

Features Traditional tungsten-based alloys Tungsten-molybdenum-nickel-iron alloy 

Magnetic responsiveness Can be designed to be magnetic or 

non-magnetic 

It is easier to obtain low magnetic or weak magnetic 

types, suitable for MRI and other environments 

Thermal conductivity Excellent (Ni-Fe system) Maintain good thermal conductivity, Mo slightly 

reduces but improves thermal stability 

Electromagnetic shielding 

performance 

Can shield X-rays and gamma rays Stronger shielding effect, suitable for deep radiotherapy 

and accelerator structures 

Radiation resistance High, suitable for nuclear radiation 

protection 

Higher, Mo enhances neutron absorption and lattice 

stability 

Corrosion and oxidation 

resistance 

Medium, requires surface coating 

or environmental control 

Excellent, especially in high temperature, molten salt 

and acidic atmosphere with better stability 

 

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 17 页 共 152 页 

Tungsten-molybdenum-nickel-iron alloy, with its excellent functional integration, adapts to modern 

complex application environments, especially in the fields of medical treatment, electromagnetic 

protection, nuclear energy systems, etc. 

  

5. Analysis of differences in typical application areas 

Application Scenario Traditional tungsten-

based alloys 

Tungsten-molybdenum-nickel-iron alloy 

Armor-piercing core Extensive use Same application, with better high-speed impact 

toughness 

Aviation inertial counterweight 

structure 

Standard materials Suitable for more complex flight attitude control 

structures and low magnetic environments 

Nuclear reactor components Shielding and buffer 

structure 

Can be used for cladding, heat exchange and main 

structural materials 

Radiotherapy equipment and 

medical weights 

Local application More suitable for MRI non-magnetic and precise 

dose balance system 

Electronic equipment/radar 

system counterweight 

Limited applications Electromagnetic shielding and thermal 

management functions are more prominent 

 

Tungsten-molybdenum-nickel-iron alloy is gradually replacing traditional tungsten-based alloys 

and becoming the preferred material for the new generation of high-end equipment. It is particularly 

competitive in terms of functional integration, reliability, and long-term service capability. 

  

 

 

VI. Summary and Outlook 

Tungsten-molybdenum-nickel-iron alloys have surpassed the application boundaries of traditional 

tungsten-based alloys in terms of design concepts, balanced performance, and expanded 

functionality. Through rational proportioning and microstructure control, these alloys achieve an 

optimal balance between density, strength, workability, and environmental adaptability, meeting the 

increasingly integrated, multifunctional, and extreme demands of modern aviation, energy, 

healthcare, and information technology. 

 

In the future, as the demand for "high-density and high-function" metal materials increases, 

tungsten-molybdenum-nickel-iron alloys are expected to continue to replace traditional tungsten-

based alloys in the following areas: 

• Localization and upgrading of military materials; 

• New fusion reactor and space nuclear reactor core materials; 

• Multifunctional electromagnetic protection and radiation shielding structural parts; 

• High-performance pre-alloyed powders for laser/plasma additive manufacturing. 
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1.5 Technology Evolution and Development Trends of Tungsten-Molybdenum-Nickel-Iron 

Alloys at Home and Abroad 

 

Tungsten-molybdenum-nickel-iron (W-Mo-Ni-Fe) alloy, a key component of high-density alloy 

materials, is gradually expanding beyond its traditional military and counterweight applications to 

include a wide range of high-end manufacturing sectors, including aerospace, nuclear power 

protection, medical radiation protection, and new energy equipment. Its technological evolution is 

reflected not only in the continuous advancement of material ratios and performance optimization, 

but also in comprehensive upgrades in preparation processes, processing technologies, functional 

integration, standards systems, and intelligent manufacturing approaches. The following systematic 

analysis focuses on three dimensions: domestic and international development paths, technological 

milestones, and future trends. 

  

1. Development history of foreign tungsten-molybdenum-nickel-iron alloy technology 

1. Initial stage (1950s-1970s) 

Europe and the United States were the first to research high-density tungsten-based alloys (W-Ni-

Fe) to meet the demands of armor-piercing projectiles and missile counterweights during the Cold 

War. Initial preparation processes primarily relied on traditional powder metallurgy compaction 

followed by liquid-phase sintering. Mo was not yet widely introduced, and the binder phase was 

often Ni or Ni-Cu. These alloys presented challenges such as insufficient high-temperature 

performance, excessively strong magnetism, and uneven microstructure. 

 

2. Mature stage (1980s to 2000s) 

Mo has been gradually added to tungsten-based alloy systems to form W-Mo-Ni-Fe medium- and 

high-temperature tungsten alloys, improving their high-temperature strength and creep resistance. 

Research institutions and companies such as Kennametal and ALMT in the United States, Plansee 

in Germany, and CEA in France have successively developed a series of low-magnetic, high-

strength tungsten-molybdenum-nickel-iron alloys, which are widely used in inertial systems, high-

temperature components, and reactor assemblies. 

During this stage, the evolution of core technologies is as follows: 

• The Mo content is controlled within the range of 2~10%; 

• Trace element doping technology (such as Re and La) improves thermal shock resistance 

and microstructural stability; 

• The Ni/Fe ratio of the binder phase is optimized to achieve a low magnetic/high strength 

compromise design; 

• Isostatic pressing (CIP/HIP) is used in conjunction with hot rolling heat treatment process. 

 

3. Advanced stage (2010s to present) 

As fields such as aviation engines, nuclear fusion and 3D printing place higher demands on 

multifunctional alloys, foreign tungsten-molybdenum-nickel-iron alloys are developing towards 

"controllable organization, intelligent preparation and integrated functions": 

• High-purity nanopowder synthesis (atomization/reduction-coating composite); 
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• Selective laser melting (SLM) + alloy pre-powder development of additive manufacturing 

path; 

• Surface gradient control and composite functional layers (such as tungsten-molybdenum 

composite layer + nickel-iron substrate); 

• Amorphous tungsten-molybdenum coatings are used in extreme corrosion resistance areas; 

• Standardized alloy system for non-magnetic/low-magnetic high-precision counterweights 

(ASTM B777 Class 3 Non-Magnetic). 

  

2. Overview of the Evolution of Domestic Tungsten-Molybdenum-Nickel-Iron Alloy 

Technology 

1. Initial stage (around 1990) 

China began systematic research on tungsten-based heavy alloys in the late 1980s, initially used in 

armor-piercing cores for military aviation and satellite attitude control weights. Initial technologies, 

largely based on W-Ni-Fe or W-Ni-Cu formulas imported from the Soviet Union and the West, 

lacked structural stability and performance consistency. 

 

2. Improvement phase (2000s onwards) 

With the efforts led by AVIC, China Academy of Engineering Physics, China National Nuclear 

Corporation and other units, Mo was gradually introduced into the traditional W-Ni-Fe system, and 

domestically produced W-Mo-Ni-Fe alloys with higher density and better thermal stability were 

developed. 

Typical results include: 

• Tungsten-molybdenum alloy inertial flywheel counterweight material jointly developed by 

China Tungsten High-Tech and AVIC Special Materials; 

• High-strength and thermal-shock-resistant W-Mo-Ni-Fe alloys have been successfully used 

in nuclear reactor radiation shielding blocks; 

• The National Defense Science and Technology Industry System has developed a series of 

high-temperature corrosion-resistant tungsten-molybdenum-nickel-iron material grades 

(e.g. W90Mo5Ni3Fe2); 

• The national defense and military industry scientific research system has begun to establish 

an independent physical properties and process database. 

 

3. Integration and upgrading stage (2015 to present) 

The new generation of domestically produced tungsten-molybdenum-nickel-iron alloys emphasizes 

green preparation, intelligent manufacturing, and high-end functional integration. Its technological 

path is aligned with international mainstream standards. 

• Pre-synthesis of nano-tungsten powder + high-temperature ball-milled alloy powder; 

• Powder hot isostatic pressing integration; 

• Surface laser coating and gradient anti-corrosion structure manufacturing; 

• The Institute of Metal Research, Chinese Academy of Sciences, Harbin Institute of 

Technology, Hunan University and other institutions are leading the development of 

domestic W-Mo-Ni-Fe additive manufacturing processes; 
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• A series of clauses on Mo doping ratio are added to the GB/T 38771-2020 High-density 

tungsten alloy standard. 

At present, CTIA GROUP has built a relatively complete tungsten-molybdenum-nickel-iron alloy 

product system, covering areas such as armor-piercing cores, inertial components, heat dissipation 

devices, protective structures and electromagnetic isolation components. 

  

3. Technological Development Trends and Strategic Directions 

1. Evolution towards multifunctional composite integration 

In the future, tungsten-molybdenum-nickel-iron alloys will no longer be limited to the traditional 

functions of "high density + mechanical properties", but will emphasize the following combination 

of properties: 

• High thermal conductivity + weak magnetic properties (such as MRI equipment); 

• Corrosion resistance + radiation resistance (such as space nuclear reactor structures); 

• Conductive + neutron/ray absorbing (such as electron beam heat source/radiotherapy 

system); 

• Strength + formability (for 3D printing or sheet-like structural parts); 

 

2. Integration of intelligent preparation and additive manufacturing 

Traditional powder metallurgy is upgrading towards intelligence and digitalization: 

• High density isostatic pressing (HIP) + intelligent temperature control sintering; 

• Integrated design of additive manufacturing (SLM, EBM) and CIP heat treatment; 

• Digital simulation of microstructures (CALPHAD, multi-scale simulation); 

• Construction of a process-structure-performance integrated database platform; 

• High-throughput screening system for alloy composition (based on AI material design); 

 

3. National strategic material reserves and independent and controllable development 

Tungsten and molybdenum are both strategically rare resources in China. As a high-value-added 

product, the development and export of tungsten-molybdenum-nickel-iron alloys are subject to strict 

policy control. Future national key development directions include: 

• Open up the complete chain of domestic powder → alloy ingot → precision components 

→ terminal integration; 

• Achieve the goal of replacing the bottleneck problem of European, American and Japanese 

alloys in military industry, aerospace and nuclear energy; 

• Build a database of W-Mo-Ni-Fe special grades and processes that conforms to the 

"standard system with Chinese characteristics"; 

• Promote green preparation and recycling technologies for the new generation of materials, 

such as alloy powder recovery and low-carbon sintering. 

  

IV. Summary and Outlook 

Tungsten-molybdenum-nickel-iron alloy has become a key development direction in the current 

field of high-density alloy materials. With its excellent organizational stability, functional 

integration capability and extreme service adaptability, it has gradually replaced traditional 
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tungsten-based alloys and served multiple strategic industries such as aviation, nuclear energy, 

medical care, and electronics. 

 

Key points of future evolution will include: 

• The material composition is developing towards a highly stable and controllable multi-

component system; 

• The process is upgraded to low-cost, high-density and intelligent preparation; 

• Applications are expanding towards structural-functional integration and service in extreme 

environments; 

• Standards are advancing towards internationalization and industry segmentation in parallel. 

With the acceleration of the localization process and the integration of industrial chain technologies, 

tungsten-molybdenum-nickel-iron alloy will become one of the important pillars of "strategic high-

performance metal materials". 
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Chapter 2 Chemical Composition and Microstructure of Tungsten-Molybdenum-Nickel-Iron 

Alloy 

 

2.1 The role of tungsten, molybdenum, nickel, and iron in alloys 

 

Tungsten-molybdenum-nickel-iron is a high-density alloy system composed of four primary 

elements: tungsten (W), molybdenum (Mo), nickel (Ni), and iron (Fe). The proportions and 

interactions of these elements in the alloy determine the material's microstructure, physical and 

mechanical properties, and its range of applications. Understanding the specific role of each element 

in the alloy is crucial for alloy design, performance optimization, and process control. 

  

1. The role of tungsten (W) 

As the matrix element of the alloy, tungsten is the main weight contributor and performance 

foundation of tungsten-molybdenum-nickel-iron alloy. Its main functions include: 

• , a contributor to high density and hardness,  

has a density of approximately 19.3 g/cm³, making it one of the densest elements of all 

industrial metals. This gives the alloy an extremely high specific gravity, making it suitable 

for use as a counterweight and protective shield. Its high hardness and high melting point 

(3422°C) ensure the alloy's excellent wear resistance and high-temperature properties. 

• Mechanical properties:  

Tungsten has extremely high strength and rigidity, forming a tungsten particle 

reinforcement phase in the alloy, which bears most of the external force and improves the 

tensile strength and compressive strength. 
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• Lattice stability  

Tungsten's high melting point and stable body-centered cubic (BCC) lattice structure 

provide good thermal stability, ensuring that the alloy is not prone to grain growth and 

softening in high temperature environments. 

  

2. The role of molybdenum (Mo) 

As an alloying element of tungsten, molybdenum is often added to tungsten-based alloys by alloying, 

playing the following key roles: 

• Strengthening effect:  

Molybdenum forms a solid solution in tungsten-based alloys, which enhances the matrix 

strength, improves the yield strength and creep resistance of the alloy, and does not 

significantly increase the density of the alloy. 

• Improve thermal stability  

Molybdenum has a high melting point (2623°C) and a low thermal expansion coefficient, 

which can inhibit the growth of tungsten grains at high temperatures and significantly 

improve the high-temperature strength and thermal shock resistance of the alloy. 

• Improve organizational uniformity  

Mo can promote the densification between particles during sintering, increase alloy density, 

reduce porosity defects, and improve overall mechanical properties. 

• Optimizing magnetic properties  

The addition of molybdenum helps to adjust the magnetic response of the alloy. In particular, 

after adjusting the Ni/Fe ratio, low-magnetic alloys can be prepared to meet specific needs 

in the electronic and medical fields. 

  

3. The role of nickel (Ni) 

Nickel is the key bonding metal element in tungsten-molybdenum-nickel-iron alloys, playing 

multiple roles in bonding and strengthening: 

• The bonding phase formed  

by nickel and iron coats the tungsten and molybdenum particles, ensuring good mechanical 

bonding between the particles and achieving densification in the powder metallurgy process. 

• Improving alloy plasticity and toughness  

Nickel has good ductility and plasticity, which can significantly improve the overall 

toughness of tungsten-molybdenum alloys, reduce the risk of brittle fracture, and improve 

fracture toughness and impact strength. 

• Improved oxidation resistance and corrosion resistance  

Nickel has excellent corrosion resistance, which can enhance the stability of the alloy in 

humid, acidic and high-temperature oxidizing environments and extend its service life. 

• Adjusting magnetic properties  

Nickel is a ferromagnetic element. Its content and proportion in the alloy directly affect the 

magnetic response characteristics of the material and are important parameters for 

designing low-magnetic or non-magnetic alloys. 
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4. The role of iron (Fe) 

Iron, as another major component of the binder phase, usually forms the metal matrix of the alloy 

together with nickel and plays the following roles: 

• Reduce costs and adjust mechanical properties.  

Iron is relatively cheap, and replacing nickel in appropriate amounts can effectively control 

alloy costs. At the same time, the addition of iron can adjust the hardness, strength and 

plasticity balance of the alloy. 

• Enhance alloy strength and hardness  

The addition of iron improves the solid solution strengthening effect of the alloy, increases 

the overall strength, and especially enhances wear resistance within a certain temperature 

range. 

• Adjusting magnetic  

iron to a strong magnetic element, its content affects the overall magnetic properties of the 

alloy. Combined with the proportion of nickel, various magnetic design requirements can 

be met. 

• Promote sintering and tissue formation  

Iron and nickel together promote the formation of liquid phase during alloy sintering, 

improve the densification effect of the alloy, reduce defects and increase the yield rate. 

  

5. Synergistic Effects and Comprehensive Impacts of Elements 

The four elements of tungsten, molybdenum, nickel and iron interact with each other in the alloy to 

form a complex metal matrix and strengthening phase system. The specific synergistic effect is 

reflected in: 

• Organization Optimization  

Mo element acts as a strengthening and grain stabilizer, forming a uniform and fine 

microstructure with the Ni-Fe binder phase, effectively improving the density and 

uniformity of the alloy. 

• Performance Balance  

: The ratio of Ni and Fe is adjusted to achieve the optimal match between magnetic and 

mechanical properties, meeting the diverse needs of different fields for magnetism, strength 

and toughness. 

• Process adaptability  

The design of different element ratios makes the alloy suitable for a variety of powder 

metallurgy and thermal processing processes, such as isostatic pressing, hot isostatic 

pressing, hot rolling and additive manufacturing, ensuring process flexibility. 

• environmental adaptability  

improves the stability of the material in high temperature, high corrosion and radiation 

environments, and expands its application range. 

  

VI. Summary 

Tungsten-molybdenum-nickel-iron alloys combine the high density and high strength of tungsten 

with the strengthening and thermal stabilization of molybdenum and the toughness and magnetic 
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properties of the nickel-iron binder phase to create a high-performance alloy system that combines 

high density, high strength, high toughness, high-temperature stability, and multifunctional 

controllability. A deep understanding of the mechanisms of action and interactions of these elements 

is key to advancing the design and industrial application of new tungsten-molybdenum-nickel-iron 

alloys. 

 

2.2 Composition ratio and design principles of tungsten-molybdenum-nickel-iron alloy 

 

The performance and application characteristics of tungsten-molybdenum-nickel-iron alloys depend 

largely on their composition and design principles. A reasonable element ratio not only ensures the 

alloy's excellent mechanical and physical properties but also determines its process adaptability, 

service environment stability, and cost-effectiveness. The following details the basic framework of 

composition design, the range of element ratios, design considerations, and optimization strategies. 

  

1. Basic framework of ingredient design 

Tungsten-molybdenum-nickel-iron alloy is mainly composed of a high-density tungsten matrix, a 

strengthening molybdenum element and a tough nickel-iron binder phase. When designing the alloy 

composition, it is necessary to take into account: 

• High density and strength base (dominated by tungsten) 

• High temperature performance and stability (molybdenum strengthened) 

• Toughness and processing properties (nickel-iron binder phase) 

• Magnetic properties and corrosion resistance control 

The ingredient design follows the principle of multi-objective balance and focuses on fine-tuning a 

certain performance parameter according to the application scenario. 

  

2. Typical ratio range of each element 

1. Tungsten (W) content 

o Typical range: 80%–98% (weight percentage) 

o High-density demand occasions can reach more than 95% 

o The higher the tungsten content, the greater the density and hardness, but the 

brittleness also increases and the plasticity decreases. 

2. Molybdenum (Mo) content 

o Typical range: 2%–10% 

o As a solid solution strengthening element, the increase of molybdenum content can 

significantly improve the high temperature strength and creep resistance 

o Too high a molybdenum content may reduce the density and affect the 

densification of the alloy. 

3. Nickel (Ni) content 

o Typical range: 3%–10% 

o Nickel is responsible for forming a bonding phase, improving toughness and 

plasticity, and improving processing performance 

o Excessive nickel will reduce strength and heat resistance. 
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4. Iron (Fe) content 

o Typical range: 1%–6% 

o Iron as a cost-optimized element, regulating magnetic properties and strength 

o Too much iron will increase the magnetic properties and may not be suitable for 

applications requiring low magnetic properties. 

  

3. Design Principles and Optimization Strategies 

 

1. Performance-oriented design 

According to the performance requirements of specific applications, adjust the element ratio to 

achieve the target: 

• High density and high strength are prioritized : increase tungsten content, control 

molybdenum at low to medium levels, reduce nickel-iron binder phase but maintain 

sufficient toughness. 

• High temperature corrosion resistance is prioritized : increase the molybdenum content, 

enhance thermal stability, and adjust the nickel-iron alloy appropriately to enhance 

corrosion resistance. 

• Low magnetic requirements : Strictly control the iron content and moderate the nickel 

content to ensure that the magnetic permeability of the alloy is reduced to the minimum. 

• Good plasticity and processability : appropriately increase the nickel-iron ratio to balance 

strength and toughness with process adaptability. 

 

2. Alloy melting point and thermal expansion matching 

Both tungsten and molybdenum are high-melting-point metals. The addition of molybdenum can 

lower the overall melting point of the alloy, making the sintering and heat treatment processes easier 

to control. At the same time, it adjusts the thermal expansion coefficient to match the requirements 

of downstream components and reduces thermal stress. 

 

3. Rational use of costs and resources 

The prices of molybdenum and nickel are slightly higher than those of tungsten, and their resources 

are limited. Therefore, cost control must be taken into consideration during design: 

• Reasonably reduce the nickel-iron ratio to avoid excessive cost waste. 

• Optimize the molybdenum content as much as possible while meeting the performance 

requirements. 

 

4. Process adaptability design 

• Powder metallurgy preparation requires ensuring uniform powder mixing, good fluidity 

and compaction properties, and the alloy composition design should take powder properties 

into consideration. 

• The ratio of nickel-iron binder phase affects the liquid phase sintering temperature and 

nucleation rate, and needs to be optimized in conjunction with the sintering process. 
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4. Typical examples of tungsten-molybdenum-nickel-iron alloy grades 

Brand W 

content 

(%) 

Mo 

content 

(%) 

Ni 

content 

(%) 

Fe 

content 

(%) 

Key performance 

characteristics 

Application Areas 

W90Mo5Ni3Fe2 90 5 3 2 High density, high 

strength, good toughness 

Military armor-piercing 

cores and inertial 

counterweights 

W85Mo8Ni4Fe3 85 8 4 3 Excellent high 

temperature strength and 

good thermal shock 

resistance 

Nuclear protection 

components 

W92Mo2Ni4Fe2 92 2 4 2 Low magnetic design, 

suitable for electronic 

medical equipment 

Medical radiation 

protection structural 

parts 

 

5. Future trends in component design 

• Microalloying and multi-element doping  

use rare metals (Re, Ta, La) as trace strengtheners to achieve greater performance 

improvements. 

• The design composition of functionally graded alloys  

changes gradually along the thickness direction, optimizing the combination of wear-

resistant layer and toughness layer to achieve composite performance. 

• Digital alloy design  

uses computer-aided design (CALPHAD, machine learning) to predict optimal 

composition combinations and shorten R&D cycles. 

  

VI. Summary 

The design of the tungsten-molybdenum-nickel-iron alloy composition ensures high density, high 

strength, and good toughness. By adjusting the ratios of tungsten, molybdenum, nickel, and iron 

according to application requirements, the optimal balance between performance and cost is 

achieved. With technological advancements and diversified needs, alloy design will become more 

precise and intelligent in the future, promoting the application of high-performance tungsten-

molybdenum-nickel-iron alloys in a wider range of fields. 

 

2.3 Microstructure and Phase Structure of W-Mo-Ni-Fe Alloy 

 

The microstructure and phase structure of tungsten-molybdenum-nickel-iron alloys are key factors 

in determining their physical and mechanical properties. By manipulating the microstructure and 

optimizing the phase structure, the alloy's strength, toughness, wear resistance, and high-

temperature stability can be significantly improved. This section will detail the typical 
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microstructural characteristics, main phase components, and their evolution patterns of tungsten-

molybdenum-nickel-iron alloys. 

  

1. Microstructural composition and characteristics 

 

Tungsten-molybdenum-nickel-iron alloy is usually prepared by powder metallurgy, and its 

microstructure mainly consists of the following parts: 

• The hard phase (W-Mo-rich phase)  

consists of tungsten and molybdenum, forming a dense, evenly distributed, fine-sized hard 

metal particle. This phase is the primary load-bearing phase of the alloy, carrying the 

majority of the mechanical load. The addition of molybdenum promotes the refinement and 

uniform distribution of tungsten particles, effectively inhibiting grain coarsening. 

• The binder phase (Ni-Fe matrix phase)  

formed by nickel and iron encapsulates the hard phase particles, giving the alloy its overall 

toughness and plasticity. This phase is typically a solid solution with a face-centered cubic 

(FCC) structure and exhibits good ductility. 

• The interface between the hard phase and the bonding phase in the interface area is an 

important factor affecting the performance of the alloy. Good interface bonding can 

effectively transfer stress and improve the overall strength and toughness. 

 

2. Phase structure analysis 

1. Tungsten  

and molybdenum have similar lattice structures and atomic sizes, making them a good 

candidate for forming a continuous solid solution. Molybdenum, a solid-solution 

strengthening element, dissolves into the tungsten lattice, enhancing its strength and high-

temperature stability. The W-Mo solid solution maintains a body-centered cubic (BCC) 

structure, ensuring high strength and wear resistance. 

2. The Ni-Fe-based binder phase  

, a nickel-iron matrix, is mostly a face-centered cubic (FCC) solid solution. High nickel 

content tends to stabilize the FCC phase, while increasing iron content may partially form 

a body-centered cubic (BCC) structure. The properties of the binder phase determine the 

alloy's plasticity and toughness. Adjusting the Ni/Fe ratio can optimize magnetic and 

mechanical properties. 

3. phase  

and the bonding phase, containing a transition layer. Typically, no significant brittle phase 

forms, ensuring interfacial bonding strength. The density and continuity of the interfacial 

structure play a key role in resisting crack growth. 

  

3. Formation and Control Factors of Microstructure 

• Powder size and distribution  

The particle size of raw tungsten and molybdenum powders directly affects the 
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microstructure after sintering. Fine powders increase density and promote uniform grain 

formation. 

• The sintering process parameters of  

temperature, atmosphere and holding time determine the growth of hard phase particles and 

the flow of bonding phase. Reasonable control of sintering parameters can inhibit grain 

coarsening and obtain dense and uniform structure. 

• Heat treatment process  

Heat treatment can adjust the internal stress and grain size of the alloy, promote interface 

bonding, and enhance the toughness and fatigue resistance of the alloy. 

• in the alloy composition ratio  

helps to refine the hard phase grains; the nickel-iron ratio affects the structural stability and 

mechanical properties of the bonding phase. 

  

4. Typical Microstructure Characterization Techniques 

• Scanning electron microscopy (SEM) was used  

to observe the alloy surface and fracture morphology, and to analyze the distribution and 

particle size of the hard phase and binder phase. 

• Transmission electron microscopy (TEM)  

was used to analyze the atomic structure and lattice defects of the interface, revealing the 

solid solution strengthening mechanism. 

• X-ray diffraction (XRD)  

was used to determine the crystal structure and phase composition of each phase and 

analyze the solid solution formation. 

• Energy dispersive spectrum analysis (EDS)  

is used to qualitatively and quantitatively analyze the distribution of elements in each phase 

in the microstructure. 

  

5. Influence of microstructure on performance 

• strength and hardness  

The fine hard phase particles enhance the load-sharing capacity and improve the strength 

and hardness of the alloy. 

• the tough and plastic  

bonding phases effectively prevent crack propagation and improve the fracture toughness 

of the alloy. 

• High temperature stability  

Molybdenum-reinforced hard phase and stable interface structure improve the structural 

stability of the alloy at high temperatures and extend its service life. 

• The microstructure with good corrosion resistance and radiation resistance helps to 

prevent the penetration of corrosive media and the spread of radiation damage, 

ensuring the environmental adaptability of the material. 
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VI. Summary 

The microstructure and phase structure of tungsten-molybdenum-nickel-iron alloys are centered 

around a high-density W-Mo hard phase and a tough Ni-Fe binder phase. By optimizing the sintering 

and heat treatment processes, the hard phase is refined and interfacial bonding is enhanced, resulting 

in an alloy material with high strength, high toughness, and excellent high-temperature performance. 

In the future, with the application of nanotechnology and advanced characterization techniques, 

microstructure control will become even more precise, providing a solid foundation for improving 

the performance of tungsten-molybdenum-nickel-iron alloys and expanding their new applications. 

 

2.4 Effect of impurity control on the properties of tungsten-molybdenum-nickel-iron alloy 

 

As a high-performance heavy metal-based composite material, the performance of tungsten-

molybdenum-nickel-iron alloy depends not only on the proper ratio of the main elements and 

controlled microstructure, but also on the content and distribution of impurity elements, which 

significantly impact the material's mechanical and physical properties, as well as its service life. 

Effective impurity control is crucial for improving the overall quality and stability of tungsten-

molybdenum-nickel-iron alloy. 

  

1. Common impurity elements and their sources 

1. Oxygen (O) 

o Source: Oxidation during the pulverizing process, impure sintering atmosphere, or 

adsorption during processing 

o Impact: Oxygen forms oxide inclusions, leading to interface embrittlement and 

performance degradation. 

2. Carbon (C) 

o Source: powder preparation, sintering slag, lubricant residue, etc. 

o Impact: Carbon can form carbides with tungsten and molybdenum. When in 

appropriate amounts, it can strengthen the structure, but too much can easily cause 

the formation of brittle phases. 

3. Nitrogen (N) 

o Source: Nitrogen infiltration from the atmosphere, poor equipment sealing 

o Impact: Nitrogen can form nitrides, change the hardness and brittleness of the alloy, 

and affect welding performance. 

4. Sulfur (S) and phosphorus (P) 

o Source: Raw material impurities, processing pollution 

o Impact: Formation of low melting point impurity phase, inducing grain boundary 

brittle cracking and reducing toughness. 

5. Hydrogen (H) 

o Source: Water decomposition in the atmosphere, hydrogen absorption during 

sintering 

o Impact: Causes hydrogen embrittlement, significantly affecting the fracture 

toughness of the alloy. 
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2. Specific effects of impurities on alloy properties 

1. Impact of mechanical properties 

• Inclusions such as oxides and sulfides are often concentrated at grain boundaries, becoming 

crack sources and leading to brittle fracture and reduced toughness. Excessive precipitation 

of carbides can cause localized hardness and brittleness, reducing overall ductility . 

 

• Fatigue performance  

Impurity inclusions and non-metallic inclusions can become the starting point of fatigue 

cracks and reduce fatigue life. 

2. Impact of physical properties 

• Thermally conductive  

impurity phases usually have low thermal conductivity, and high impurity content will 

destroy the thermal conductivity of the alloy. 

• Electrical and magnetic properties  

Impurities such as nitrogen and sulfur have a significant impact on magnetic response, 

especially in iron-based alloys, which may cause magnetic anomalies and affect precision 

electronic applications. 

3. Impact of chemical stability 

• Inclusions formed by corrosion-resistant impurity elements are often the first sites of 

corrosion, reducing the overall corrosion resistance of the material. 

 

• High temperature oxidation performance:  

Too high oxygen content causes a non-dense oxide layer to form on the alloy surface, which 

is easy to peel off and accelerates oxidation corrosion. 

  

3. Impurity Control Technologies and Measures 

1. Improved raw material purity 

• Select high purity tungsten molybdenum powder and high quality nickel-iron alloy powder. 

• Strictly control the content of impurities such as oxygen, carbon, and sulfur in raw materials. 

2. Powder processing technology 

• Powdering is carried out under the protection of inert gas to reduce the adsorption of oxygen 

and nitrogen. 

• Use vacuum degassing or hydrogen reduction treatment to reduce oxygen content. 

3. Sintering atmosphere and process optimization 

• Use high-purity argon or vacuum sintering to avoid the entry of oxygen and nitrogen. 

• Control the sintering temperature and time to reduce the excessive precipitation of carbides 

and nitrides. 

4. Surface treatment and subsequent processing 

• Use a clean processing environment to avoid contamination from foreign impurities. 

• Heat treatment promotes uniform distribution of impurities and reduces stress 

concentration. 
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4. Impurity Content Standards and Detection Technology 

• The standard limits for  

key impurity elements in tungsten-molybdenum-nickel-iron alloys generally require: 

oxygen content <100ppm, carbon <50ppm, sulfur <20ppm, and nitrogen <50ppm. The 

specific standards are adjusted according to the application field. 

• Detection method 

o Gas analyzer (Leco oxygen and nitrogen analysis) 

o Carbon and sulfur analyzer 

o Electron probe microanalysis (EPMA) 

o X-ray fluorescence spectroscopy (XRF) 

o Thermogravimetric analysis (TGA) 

  

5. The significance of impurity control to the future development of tungsten-molybdenum-

nickel-iron alloys 

As high-end equipment manufacturing and defense technology increase the performance 

requirements of tungsten-molybdenum-nickel-iron alloys, impurity control becomes an important 

factor in determining the performance limit of alloys. 

• The application of intelligent manufacturing technology will realize online monitoring 

and dynamic control of impurities. 

• New impurity removal technologies such as plasma purification and electrolytic refining 

will further improve the purity of raw materials. 

• Theoretical research on multi-scale impurity control will promote a deeper 

understanding of the impact of impurities on microstructure and macroscopic properties. 

  

VI. Summary 

Although impurity elements are trace elements, they have a profound impact on the properties of 

tungsten-molybdenum-nickel-iron alloys. Through a systematic impurity control strategy and 

comprehensive management of the entire process, from raw material selection to preparation, we 

can significantly improve the material's strength, toughness, corrosion resistance, and service 

stability, providing a solid foundation for the widespread application of high-performance tungsten-

molybdenum-nickel-iron alloys. 

  

2.5 Composition-structure-property relationship model of tungsten-molybdenum-nickel-iron 

alloy 

 

The exceptional performance of tungsten-molybdenum-nickel-iron alloys stems from their complex 

and sophisticated coupling of composition, structure, and properties. Establishing a scientific 

composition-structure-property model facilitates a systematic understanding of the inherent 

connection between the alloy's microstructural evolution and macroscopic mechanical behavior, 

providing a theoretical foundation and guidance for alloy design and performance optimization. 
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1. Component-Organization Relationship 

 

The composition ratio of tungsten-molybdenum-nickel-iron alloy directly determines its 

microstructural characteristics, which are specifically manifested in: 

• Hard phase particle size and distribution 

o High tungsten content promotes dense arrangement and coarse growth of hard 

phase particles; 

o The addition of molybdenum is beneficial to the refinement of hard phase grains 

and uniform dispersion. 

• Changes in binder phase morphology and composition 

o The ratio of nickel to iron affects the crystal structure and hardness of the bonding 

phase. When there is more nickel, the bonding phase is softer and has better 

toughness. When there is more iron, the hardness increases but the toughness 

decreases. 

o The impurity content in the binder phase also affects the interfacial bonding 

strength. 

• Interface structure and diffusion layer thickness 

o Reasonable element diffusion and interface compatibility determine the bonding 

strength between the hard phase and the adhesive phase. 

  

2. Organization-Performance Relationship 

 

The characteristics of the microstructure determine the mechanical and physical properties of 

tungsten-molybdenum-nickel-iron alloy: 

• Relationship between grain size and strength  

The grain refinement effect (Hall-Petch relationship) shows that reducing the hard phase 

grain size will significantly increase the yield strength and tensile strength of the alloy. 

• phase composition and toughness  

ensures good plasticity and fracture toughness, and the interface bonding strength improves 

the fatigue resistance. 

• Phase interface defects and fracture behavior  

Interface defects, inclusions and holes become the source of crack initiation, directly 

affecting the fracture mode and fracture toughness. 

• Phase ratio and thermal and electrical conductivity  

A high ratio of hard phase helps to improve thermal conductivity and electrical conductivity, 

but too much hard phase will lead to reduced toughness. 

  

3. Composition-performance coupling model 

 

The composition affects the microstructure, which in turn determines the alloy properties, forming 

a coupled system of composition, structure, and properties. Based on this, model establishment 

generally includes: 
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• Thermodynamic calculations (CALPHAD)  

simulate alloy phase diagrams and stable phase formation, and predict phase composition 

and transition temperatures at different compositions. 

• The kinetic model  

studies the element diffusion, grain growth and precipitation dynamics, revealing the laws 

of microstructure evolution. 

• The mechanical behavior model  

is based on the microstructural parameters to establish the elastic-plastic mechanical model 

of the alloy and predict the strength, toughness and fatigue life. 

• Multiscale simulation  

spans the atomic scale, microstructure to macroscopic performance, utilizing finite element, 

phase field, and molecular dynamics methods to achieve comprehensive simulation. 

  

4. Typical Model Application Cases 

• Composition optimization prediction  

uses computational models to screen the optimal ratio of tungsten, molybdenum, nickel, 

and iron to maximize the combined performance of strength and toughness. 

• Process parameter adjustment  

is based on the microstructure evolution model, adjusting the sintering temperature and 

time to achieve the ideal grain size and phase distribution. 

• Performance failure analysis  

uses fracture mechanics models to analyze the effects of microstructural defects on fatigue 

and fracture behavior to guide quality control. 

  

5. Challenges and Prospects of Model Development 

• Accurate modeling of complex multiphase systems  

W-Mo-Ni-Fe alloys contain multiple phases with complex interfaces, and the model needs 

to take into account interactions and heterogeneity. 

• The computational resource requirements of multi-scale coupled calculations  

require high-performance computing support to achieve effective coupling between models 

of different scales. 

• Support and verification of experimental data  

The model must rely on a large amount of accurate experimental data for calibration and 

verification to ensure reliable predictions. 

• The integration of intelligence and machine learning  

uses artificial intelligence technology to assist in data analysis and model optimization, 

improving design efficiency. 

  

VI. Summary 

The composition-structure-property relationship model is a core tool for understanding and 

optimizing tungsten-molybdenum-nickel-iron alloys. Through systematic model construction and 

experimental verification, it can accurately predict alloy properties, guide alloy design and process 
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optimization, and provide a solid scientific foundation and technical support for the development of 

high-performance tungsten-molybdenum-nickel-iron alloy materials. 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

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

production with 30 years of experience. 

 

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

mature technology. 

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

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

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

performance. 

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

100,000+ customers 

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

sports and entertainment and other fields. 

Service commitment 

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

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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Chapter 3 Physical and Mechanical Properties of Tungsten-Molybdenum-Nickel-Iron Alloy 

 

3.1 Density, specific gravity and dimensional accuracy of tungsten-molybdenum-nickel-iron 

alloy 

 

Tungsten-molybdenum-nickel-iron alloys are widely used in precision counterweights, high-

performance radiation shielding, and specialized structural components due to their high density 

and excellent mechanical properties. Density, specific gravity, and dimensional accuracy are key 

indicators for evaluating material quality and performance stability, directly impacting the alloy's 

performance and processing difficulty. 

  

1. Density and specific gravity characteristics of tungsten-molybdenum-nickel-iron alloy 

1. Density Definition and Importance:  

Density is the mass of an alloy per unit volume and is a key parameter for evaluating the 

uniformity and densification of tungsten-molybdenum-nickel-iron alloys. High-density 

alloys generally exhibit improved mechanical strength and radiation protection. Tungsten 

(19.3 g/cm³) and molybdenum (10.2 g/cm³), as heavy metals, provide the alloy's high 

density. Nickel and iron, as binder metals with lower densities, collectively determine the 

final alloy density. 

2. Theoretical density and actual density 

o The theoretical density is calculated based on the weighted average of each 

component and reflects the density of an ideal dense structure. 
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o Actual density is affected by the manufacturing process, such as the porosity 

between powder particles and sintered density, which results in actual density 

being slightly lower than the theoretical value. Actual density is a key indicator for 

evaluating sintering quality and subsequent machining. 

3. Specific gravity is  

typically measured using a liquid displacement method (such as water displacement) or a 

hydrometer to ensure accuracy and repeatability. Accurate measurements of specific gravity 

and density help identify process defects and internal material flaws. 

4. Density control technology  

improves alloy density and reduces porosity through powder particle size control, sintering 

process optimization and heat treatment procedures to obtain high-density, low-defect 

tungsten-molybdenum-nickel-iron alloy products. 

  

2. Dimensional accuracy and its control 

1. Definition and requirements of dimensional accuracy:  

Dimensional accuracy refers to the deviation between the dimensions of an alloy product 

and the design standard dimensions. The high density of tungsten-molybdenum-nickel-iron 

alloys makes processing more challenging, especially in applications such as high-precision 

counterweights and micro-devices, where dimensional tolerances must be strictly 

controlled. 

2. Factors affecting dimensional accuracy 

o Material density and uniformity : Differential thermal expansion caused by 

uneven density leads to dimensional changes. 

o Forming process : Powder metallurgy forming, sintering shrinkage and 

dimensional changes during heat treatment need to be accurately predicted and 

controlled. 

o Machining technology : The accuracy of subsequent processing such as grinding 

and polishing affects the final dimensional stability. 

3. The dimensional accuracy detection technology  

uses high-precision CNC measuring machines (CMM), three-coordinate measuring 

machines and laser scanners to ensure that the dimensions meet the design requirements, 

especially the detection of key dimensional parts. 

4. Dimensional stability improvement measures  

improve dimensional stability and repeatable processing accuracy through process 

parameter optimization (such as sintering temperature and holding time), design allowance 

setting and multiple thermomechanical treatments. 

  

3. Influence of density and dimensional accuracy on alloy properties 

• Correlation between mechanical properties:  

The higher the density and the lower the porosity, the better the tensile strength, hardness 

and fatigue life of the alloy. Strict control of dimensional accuracy ensures the performance 

consistency of the components during assembly and use. 
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• Reliability in use  

High density and dimensional stability ensure the long-term stable operation of tungsten-

molybdenum-nickel-iron alloy components in high temperature, high pressure and 

radiation environments. 

  

IV. Summary 

The density, specific gravity, and dimensional accuracy of tungsten-molybdenum-nickel-iron alloys 

are key indicators of material quality and performance. By optimizing powder properties, 

preparation techniques, and processing procedures, we can effectively improve the material's 

density and dimensional control capabilities, laying a solid foundation for the industrial application 

of high-performance tungsten-molybdenum-nickel-iron alloys. 

 

3.2 Strength, ductility, and fracture toughness of tungsten-molybdenum-nickel-iron alloys 

 

Due to its unique composition and composite structure, tungsten-molybdenum-nickel-iron alloys 

combine high strength with moderate ductility and exhibit excellent fracture toughness, meeting the 

stringent requirements for high-performance materials in fields such as aerospace, the nuclear 

industry, and precision machinery. This section focuses on analyzing the mechanical properties of 

tungsten-molybdenum-nickel-iron alloys, including strength, ductility, and fracture toughness, and 

explores the key factors influencing these properties and how to improve them. 

  

1. Strength characteristics 

1. -  

molybdenum-nickel-iron alloys typically have high tensile strength, primarily due to the 

strengthening effect of the tungsten and molybdenum hard phases and the toughness 

support of the nickel-iron binder phase. Yield strength reflects the critical stress level at 

which the alloy begins to undergo plastic deformation and is an important parameter in 

design and application. 

2. Effect of composition and process on strength 

o Ingredient ratio : Increase the tungsten and molybdenum content, increase the 

proportion of hard phase, and strengthen the alloy strength. 

o Sintering density : The higher the density, the lower the porosity and the higher 

the strength. 

o Heat treatment : Reasonable heat treatment process can improve grain refinement, 

enhance interface bonding strength, and thus improve overall strength. 

3. Typical strength values  

: Generally, the tensile strength of tungsten-molybdenum-nickel-iron alloys can reach 700-

1200 MPa, and the yield strength is about 400-900 MPa, depending on the formula and 

process. 

  

2. Ductility (Plasticity) Performance 
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1. Definition of elongation  

Elongation is the plastic deformation ability of a material before tensile fracture, usually 

expressed as a percentage of elongation after fracture. It is a key indicator for evaluating 

the toughness and formability of a material. 

2. Factors affecting ductility 

o Composition of the bonding phase : high nickel content makes the bonding phase 

more ductile and improves the overall plasticity; high iron content slightly reduces 

the plasticity. 

o Grain size : Grain refinement can increase the grain boundary area and promote 

plastic deformation. 

o Impurities and defects : Inclusions and pores can significantly reduce ductility. 

3. Typical elongation range:  

The elongation of tungsten-molybdenum-nickel-iron alloy is generally 5%~15%, which 

has obvious advantages over pure tungsten or pure molybdenum materials. 

  

3. Fracture toughness 

1. Fracture toughness definition  

Fracture toughness reflects the ability of a material to resist crack propagation and is an 

important indicator for evaluating structural safety, especially for tungsten-molybdenum-

nickel-iron alloys used under extreme working conditions. 

2. Fracture mode  

The interface bonding strength, grain boundary structure and defect control of the tungsten-

molybdenum hard phase and the nickel-iron binder phase directly affect the fracture mode, 

which can be manifested as ductile fracture or brittle fracture. 

3. Measures to improve fracture toughness 

o Optimize the ingredient ratio to ensure that the bonding phase is continuous and 

ductile. 

o Refine the grain size and strengthen the interface bonding. 

o Impurities and inclusions are strictly controlled to reduce the origin of cracks. 

4. The fracture toughness index  

of typical tungsten-molybdenum-nickel-iron alloys (K_IC) is generally between 15 and 30 

MPa·m^0.5, and some high-toughness modified materials can reach higher levels. 

  

 

4. Comprehensive performance optimization 

The strength, ductility, and fracture toughness of tungsten-molybdenum-nickel-iron alloys are 

mutually restrictive. Generally, increasing strength leads to a decrease in ductility and toughness. 

Through microalloying, nanostructure design, and optimized thermomechanical processing, a 

balance of high strength and toughness can be achieved to meet the needs of diverse applications. 

  

V. Summary 

Tungsten-molybdenum-nickel-iron alloys, with their excellent strength, good ductility, and reliable 
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fracture toughness, have shown broad application potential in a wide range of fields. A thorough 

understanding of the mechanisms underlying the formation and regulation of these mechanical 

properties is crucial for promoting the development and application of high-performance tungsten-

molybdenum-nickel-iron alloys. 

 

3.3 Hardness, wear resistance and impact properties of tungsten-molybdenum-nickel-iron 

alloy 

 

Tungsten-molybdenum-nickel-iron alloy combines the high hardness of tungsten and molybdenum 

with the good toughness of nickel-iron alloy, resulting in excellent performance in mechanical 

strength, wear resistance, and impact resistance. This section will provide a detailed introduction to 

the hardness, wear resistance, and impact toughness of tungsten-molybdenum-nickel-iron alloy, and 

analyze the key factors that influence these properties. 

  

1. Hardness characteristics 

1. Hardness Definition and Measurement Methods:  

Hardness is a material's ability to resist localized plastic deformation and is commonly 

measured using Vickers hardness (HV), Rockwell hardness (HRC), and Brinell hardness 

(HB). The hardness of tungsten-molybdenum-nickel-iron alloys is typically measured 

using the Vickers hardness test, which is suitable for measuring fine structures. 

2. Factors affecting hardness 

o Alloy composition : The higher the content of tungsten and molybdenum hard 

phases, the greater the hardness. 

o Sintering density : dense structure increases hardness and reduces porosity. 

o Heat treatment process : Appropriate heat treatment can improve hardness and 

wear resistance. 

o Grain size : Grain refinement increases the number of grain boundaries and 

improves hardness (Hall-Petch effect). 

3. Typical hardness range:  

The hardness of tungsten-molybdenum-nickel-iron alloy is usually between HV350-650. 

High hardness corresponds to high wear resistance, but may sacrifice a certain degree of 

toughness. 

  

2. Wear resistance 

1. Wear resistance overview  

Wear resistance is the ability of a material to resist surface wear and mechanical friction 

erosion, which is directly related to the service life of tungsten-molybdenum-nickel-iron 

alloy in friction and impact environments. 

2. Wear-resistant mechanism 

o Hard phase particles effectively resist abrasive wear and galling. 

o The toughness of the bond phase prevents crack propagation and reduces spalling 

and fatigue wear. 
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o Excellent bonding interface reduces particle shedding. 

3. Methods to improve wear resistance 

o Increase the tungsten and molybdenum content to strengthen the hard phase 

network. 

o Surface heat treatment and coating technology (such as PVD coating) enhance 

surface hardness. 

o Nanoparticle reinforcement improves matrix strength and wear resistance. 

4. Wear resistance testing  

uses a wear testing machine (such as ball-on-disc wear test) to measure the friction 

coefficient and wear rate and evaluate the wear resistance of the material. 

  

3. Impact performance 

1. Impact performance definition  

Impact performance reflects the ability of a material to absorb energy and resist fracture 

under sudden load or impact force. It is an important indicator for evaluating the impact 

damage resistance of tungsten-molybdenum-nickel-iron alloys. 

2. Factors affecting impact performance 

o Composition ratio : The ratio of nickel and iron in the binder phase is reasonable, 

which can improve impact toughness. 

o Microstructure : Uniformly distributed hard phase and continuous bonding phase 

network enhance impact absorption capacity. 

o Defect control : Reduce inclusions, pores and microcracks to prevent impact-

induced fractures. 

3. Typical Impact Toughness Indicators  

The impact toughness of tungsten-molybdenum-nickel-iron alloys (expressed as Charpy 

impact absorbed energy) is typically between 5 and 25 J/cm², depending on the material 

formulation and process. 

4. Process measures to improve impact performance 

o Thermomechanical treatment process is used to optimize the organizational 

structure. 

o Nano-reinforcement technology improves plasticity and toughness. 

o Improve fatigue and crack growth resistance through surface coating and heat 

treatment. 

  

4. Comprehensive performance control 

There's a certain tension and balance between the hardness, wear resistance, and impact performance 

of tungsten-molybdenum-nickel-iron alloys. High hardness often comes with increased brittleness, 

while good impact toughness requires a certain level of plasticity and toughness. By rationally 

designing the alloy composition, optimizing the preparation process, and employing advanced 

surface treatment techniques, a synergistic improvement in both high hardness and good toughness 

can be achieved. 
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V. Summary 

Tungsten-molybdenum-nickel-iron alloys, with their exceptional hardness, wear resistance, and 

impact toughness, have become irreplaceable key materials in numerous high-end industrial sectors. 

A thorough understanding and effective manipulation of their mechanical properties will facilitate 

the development of high-performance tungsten-molybdenum-nickel-iron alloys that meet the 

demands of complex operating conditions. 

 

3.4 Thermal conductivity, thermal stability, and thermal expansion behavior of tungsten-

molybdenum-nickel-iron alloy 

 

Tungsten-molybdenum-nickel-iron alloys are widely used in high-temperature environments and 

critical heat conduction applications due to their excellent thermophysical properties. This section 

focuses on their thermal conductivity, thermal stability, and thermal expansion characteristics, 

analyzing the microscopic mechanisms that influence these properties and the process control 

methods. 

  

1. Thermal conductivity 

1. Thermal Conductivity Overview:  

Tungsten and molybdenum are both highly thermally conductive metals, with thermal 

conductivities of approximately 173 W/(m·K) and 138 W/(m·K), respectively, giving the 

alloys excellent thermal conductivity. Nickel-iron alloys have lower thermal conductivity 

(below approximately 90 W/(m·K)). The ratio and distribution of these metals directly 

influence the alloy's overall thermal conductivity. 

2. Alloy thermal conductivity  

is primarily achieved through metal electron conduction and lattice vibration conduction. 

The tungsten and molybdenum hard phase serves as the primary heat conduction channel, 

while the nickel-iron phase acts as a barrier and buffer layer. Internal interfaces, grain 

boundaries, and impurity defects within the material scatter electrons and phonons, 

reducing thermal conductivity. 

3. Factors affecting thermal conductivity 

• Composition ratio : The higher the tungsten and molybdenum content, the better the 

thermal conductivity. 

• Density : Porosity is reduced, reducing thermal resistance. 

• Microstructure : Uniformly distributed hard phase and good interface bonding promote 

heat transfer. 

• Processing technology : sintering temperature and heat treatment affect thermal 

conductivity through microstructure control. 

4. Typical thermal conductivity range:  

The thermal conductivity of tungsten-molybdenum-nickel-iron alloy is generally between 

60 and 140 W/(m·K), and the specific value varies depending on the ratio and process 

differences. 
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2. Thermal stability 

1. Thermal stability  

refers to the ability of a material to maintain stable physical, chemical, and mechanical 

properties at high temperatures. Tungsten-molybdenum-nickel-iron alloys must exhibit 

good resistance to oxidation, thermal cracking, and structural stability at high temperatures. 

2. Performance at High Temperatures:  

The high melting points of tungsten and molybdenum (3422°C for tungsten and 2623°C 

for molybdenum) ensure the thermal stability of the alloy's foundation. The nickel-iron 

binder phase may soften or undergo phase transformation at high temperatures, affecting 

overall performance. 

3. Oxidation and Corrosion Behavior:  

High-temperature oxidation is a significant factor limiting the application of tungsten-

molybdenum-nickel-iron alloys. The formation and density of the oxide film are crucial to 

the material's protective properties. They typically require use in specific atmospheres 

(vacuum, argon) or protective coatings. 

4. Measures to improve thermal stability 

• Optimize alloy composition and control the nickel-iron ratio. 

• Surface heat treatment and coating technology (ceramic, oxide coating). 

• Nano-strengthening and grain refinement improve thermal stability. 

  

3. Thermal Expansion Behavior 

1. Overview of Coefficient of Thermal Expansion (CTE):  

The coefficient of thermal expansion is the rate at which a material changes in size when 

heated and is a key parameter in the design of thermomechanical structures. Tungsten-

molybdenum alloys typically have a low coefficient of thermal expansion, which facilitates 

dimensional stability in high-temperature environments. 

2. Effects of composition and organization on CTE 

• The linear expansion coefficient of tungsten and molybdenum is relatively low, 

approximately 4.5~5.5×10^-6 K^-1. 

• The thermal expansion coefficient of nickel-iron alloy is relatively high, about 11~13×10^-

6 K^-1, which affects the CTE of the overall alloy. 

• The higher the tungsten and molybdenum content in the alloy, the lower the CTE and the 

better the dimensional thermal stability. 

3. Thermal expansion matching and application  

The CTE characteristics of tungsten-molybdenum-nickel-iron alloy make it suitable for 

thermal expansion matching with materials such as ceramics and semiconductors, reducing 

thermal stress and improving component durability. 

4. Technical methods for controlling thermal expansion 

• The CTE can be precisely controlled by adjusting the element ratio. 

• Nanostructure design and composite material preparation to achieve functionally graded 

thermal expansion. 

• A multi-layer composite coating is used to control surface thermal expansion. 
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IV. Comprehensive Evaluation 

Tungsten-molybdenum-nickel-iron alloys excel in the combined properties of high thermal 

conductivity, high thermal stability, and low thermal expansion, meeting the stringent 

thermophysical performance requirements of aerospace, the nuclear industry, and electronic cooling. 

Through compositional design and process optimization, their thermal conductivity and 

thermomechanical stability can be further enhanced. 

  

V. Summary 

The thermal conductivity, thermal stability, and thermal expansion behavior of tungsten-

molybdenum-nickel-iron alloys are fundamental to their application under high-temperature and 

high-heat-load conditions. A deep understanding and precise control of these thermophysical 

properties lays a solid foundation for the alloy's widespread application in advanced manufacturing 

and extreme operating conditions. 

 

3.5 Electrical Properties, Magnetic Response, and Radiation Resistance of W-Mo-Ni-Fe Alloy 

 

Tungsten-molybdenum-nickel-iron alloys, due to their unique elemental combination and 

microstructure, exhibit excellent electrical properties, tunable magnetic response characteristics, 

and good radiation resistance. They are widely used in electronic devices, the nuclear industry, and 

high-performance magnetic field environments. The following article details the mechanisms and 

influencing factors of these properties. 

  

1. Electrical properties 

1. Conductivity and  

Resistivity: Tungsten and molybdenum are both highly conductive metals. Pure tungsten 

has a conductivity of approximately 1.79×10^7 S/m, and molybdenum has a conductivity 

of 1.87×10^7 S/m. The addition of nickel-iron to the alloy reduces its overall conductivity 

due to its lower conductivity, and resistivity increases with increasing nickel-iron content. 

2. Effects of composition and process on electrical properties 

• The high ratio of tungsten to molybdenum hard phase helps maintain high electrical 

conductivity. 

• The higher the sintering density, the lower the resistivity. 

• Heat treatment and grain size affect electron migration paths and scattering, which in turn 

affects resistivity. 

3. Typical electrical performance indicators:  

The resistivity of tungsten-molybdenum-nickel-iron alloy is generally in the range of 20~80 

μΩ·cm, and the specific value depends on the composition ratio and process conditions. 

  

2. Magnetic response performance 
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1. metals  

, give tungsten-molybdenum-nickel-iron alloys a certain magnetic response. Tungsten and 

molybdenum, as paramagnetic elements, contribute little to the overall magnetic properties. 

2. Magnetic property control 

• Adjusting the nickel-iron content and ratio can control the magnetic permeability and 

coercivity of the alloy. 

• The alloy's microstructure and grain size affect the magnetic domain structure and, in turn, 

the magnetic response. 

• The heat treatment process changes the internal stress state and also affects the magnetic 

properties. 

3. Typical magnetic performance applications  

Tungsten-molybdenum-nickel-iron alloys are often used in magnetic shielding materials, 

high magnetic permeability components and electronic components to meet the needs of 

special magnetic field environments. 

  

 

3. Radiation resistance 

1. Radiation environment affects  

nuclear energy, aerospace and high-energy physics. Tungsten-molybdenum-nickel-iron 

alloys are often exposed to high-intensity radiation (such as neutrons and gamma rays) 

environments, and the materials need to have good radiation tolerance. 

2. Effects of radiation on materials 

• The generation and accumulation of structural defects may cause material embrittlement. 

• Lattice distortion leads to degradation of physical and mechanical properties. 

• Radiation-induced chemical changes may affect corrosion resistance. 

3. Radiation resistance mechanism of tungsten-molybdenum-nickel-iron alloy 

• The high melting points and dense lattice structures of tungsten and molybdenum help 

suppress the propagation of radiation defects. 

• The ductility of the nickel-iron binder phase mitigates radiation-induced microcrack growth. 

• Alloy design improves radiation durability through microstructure optimization. 

4. Measures to improve radiation resistance 

• Fine control of alloy composition and grain structure. 

• Adopt nano-reinforcement and composite phase structure design. 

• Perform appropriate pre-irradiation heat treatment and stabilization treatment. 

  

4. Comprehensive Performance Outlook 

The combined electrical properties, magnetic response, and radiation resistance of tungsten-

molybdenum-nickel-iron alloys make them ideal functional materials for extreme environments. 

Future advancements in alloy design and processing will further enhance their versatility and 

adaptability, driving their application in a wider range of fields. 
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V. Summary 

The electrical properties, magnetic response, and radiation resistance of tungsten-molybdenum-

nickel-iron alloys together constitute their core competitiveness in high-tech applications. A deep 

understanding of these properties and their regulation mechanisms is crucial for achieving 

breakthroughs and innovations in material performance. 

 

3.6 Analysis of Corrosion Resistance and Chemical Stability of W-Mo-Ni-Fe Alloy 

 

Tungsten-molybdenum-nickel-iron alloys, due to their application requirements in extreme 

environments, must possess excellent corrosion resistance and chemical stability. This section will 

detail the corrosion mechanism, influencing factors, and technical measures to improve corrosion 

resistance. 

  

1. Basic characteristics of corrosion resistance 

1. Corrosion Types  

Tungsten-molybdenum-nickel-iron alloys may encounter various forms of corrosion in 

actual applications, including uniform corrosion, pitting corrosion, crevice corrosion and 

stress corrosion. 

• Uniform corrosion is mainly caused by chemical reactions in acid and alkali solutions. 

• Pitting corrosion and crevice corrosion often occur in microscopic defects on the alloy 

surface or in welding areas. 

• Stress corrosion cracking is closely related to the stress state of the material and 

environmental factors. 

2. alloy  

imparts excellent chemical inertness, making it particularly stable in high-temperature 

oxidizing and acidic environments. The nickel-iron binder phase is susceptible to attack by 

corrosive media, making it a corrosion-sensitive area. 

  

2. Key factors affecting corrosion resistance 

1. Ingredient ratio 

• The higher the tungsten and molybdenum content, the stronger the corrosion resistance of 

the alloy. 

• Too high a nickel-iron ratio may reduce the overall corrosion resistance. 

2. Microstructure and density 

• The dense and uniform microstructure helps to block the penetration of corrosive media. 

• Pores, cracks and inclusions become starting points for corrosion. 

3. Surface state 

• High surface roughness can easily induce localized corrosion. 

• The surface oxide film and passivation layer can effectively protect the substrate. 

4. Environmental factors 

• Acidic, alkaline or saline environments will accelerate the corrosion process. 

• Increased temperature generally increases the corrosion rate. 
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3. Corrosion resistance mechanism 

1. The protective effect of tungsten and molybdenum components:  

Tungsten and molybdenum can form a dense and stable oxide film on the surface, blocking 

oxygen and corrosive media from entering the interior of the metal and enhancing chemical 

stability. 

2. Corrosion sensitivity of nickel-iron phase  

As a bonding phase, nickel-iron is more susceptible to electrochemical corrosion than 

tungsten and molybdenum. Local corrosion may lead to degradation of material properties. 

3. Passivation and regeneration ability  

The passive film formed on the alloy surface has self-repairing function, which helps to 

inhibit the expansion of corrosion. 

  

4. Technical measures to improve corrosion resistance 

1. Material composition optimization 

• Increase the tungsten and molybdenum content and reduce the nickel-iron ratio. 

• Trace amounts of corrosion-resistant elements (such as chromium and titanium) are 

introduced to enhance the stability of the protective film. 

2. Heat treatment and surface modification 

• Improve density and uniformity through appropriate heat treatment. 

• The surface is sprayed with corrosion-resistant coatings, such as ceramic coatings and PVD 

coatings. 

• Surface passivation treatment forms a stable oxide film. 

3. Structural design and manufacturing process improvement 

• Reduce internal defects and porosity of materials. 

• Control welding and joining processes to prevent localized corrosion. 

  

5. Matching application environment and corrosion resistance 

The corrosion resistance of tungsten-molybdenum-nickel-iron alloy makes it suitable for nuclear 

energy, chemical equipment and high-temperature corrosive atmospheres, but the material 

composition and protective measures should be reasonably selected according to the specific 

working conditions to achieve the best service life and performance. 

  

VI. Summary 

Tungsten-molybdenum-nickel-iron alloys exhibit excellent corrosion resistance through the 

chemical stability of tungsten and molybdenum and rational material design. In response to 

environmental variability, combining heat treatment and surface engineering techniques is a key 

means of enhancing their chemical stability and extending their service life. 
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Chapter 4 Preparation and Processing Technology of Tungsten-Molybdenum-Nickel-Iron 

Alloy 

 

4.1 Raw Material Preparation and Powder Properties of W-Mo-Ni-Fe Alloy 

 

Tungsten-molybdenum-nickel-iron alloys are a typical class of high-performance powder 

metallurgy structural materials. Their preparation begins with the selection of high-quality raw 

materials and a scientific powder processing process. This section systematically discusses the 

composition of raw materials, the control of powder properties, and their impact on subsequent 

processing, providing a theoretical basis for optimizing alloy properties. 

  

1. Composition and requirements of raw materials 

1. Main metal elements 

• Tungsten powder (W) : It is the main strengthening phase of the alloy. High-purity 

(≥99.9%) gray-black tungsten powder is usually used. Its particle morphology can be 

spherical, dendritic or sponge, which affects the pressing and sintering behavior. 

• Molybdenum powder (Mo) : To improve high temperature performance and corrosion 

resistance, high-purity atomized molybdenum powder or reduction method molybdenum 

powder is generally used. 

• Nickel powder (Ni) : As a binding phase metal, it helps to enhance plasticity and ductility. 

Reduced nickel powder or electrolytic nickel powder is often used and has good 

dispersibility. 

• Iron powder (Fe) : Improves the overall strength and toughness of the alloy. It is generally 

a high-purity iron powder produced by atomization or electrolytic reduction. 
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2. Impurity control requirements 

• Impurity elements such as sulfur (S), phosphorus (P), carbon (C), oxygen (O), nitrogen (N), 

hydrogen (H), etc. will seriously affect the sintering density and mechanical properties of 

the alloy. Therefore, each metal powder must meet strict metallurgical or electronic grade 

impurity limit requirements. 

  

2. Analysis of powder characteristic parameters 

1. Particle size distribution 

• The powder particle size is generally controlled between 0.5 and 20 μm. Although fine 

particles are conducive to densification, they have poor fluidity and high oxygen content; 

while coarse particles are not conducive to compaction and forming. 

• In order to ensure fluidity and uniformity, multi-stage graded proportioning technology 

is often used for optimization. 

2. Morphological characteristics 

• Spherical powders have good flowability and compaction properties, making them suitable 

for isostatic pressing and additive manufacturing. 

• Irregular powders (such as sponge-like) are prone to mechanical interlocking and are 

suitable for molding, but it is difficult to control sintering shrinkage. 

3. surface properties 

• Powder parameters such as specific surface area, surface oxide film thickness, and 

wettability have an important influence on sintering bonding and microstructure. 

• Surface active additives or pretreatments (e.g., passivation, reduction pre-calcination) can 

optimize powder reactivity. 

  

3. Powder mixing and pretreatment process 

1. Hybrid methods 

• Usually, ball milling, V-type mixer, double cone stirring mixer and other methods are 

used for uniform mixing to ensure uniform distribution of various metal powders and 

prevent segregation. 

• Lubricants (such as zinc stearate and paraffin) can be added during the mixing process 

to improve the pressing effect and reduce mold wear. 

2. Pre-alloying technology 

• In order to improve the uniformity and sintering activity of the alloy, some technologies 

use mechanical alloying or co-deposition to pre-fabricate tungsten-molybdenum-nickel-

iron pre-alloyed powder to improve the interface bonding ability. 

3. Degassing and drying 

• vacuum dried or degassed in an inert atmosphere before forming to remove moisture 

and adsorbed gases to prevent the formation of pores or precipitation of inclusions during 

later sintering. 

  

4. Influence of raw material quality on alloy properties 

1. Affects density and sintering shrinkage 
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• The finer the powder particle size and the more uniform the distribution, the more 

conducive it is to forming a dense sintered body. 

• The higher the impurity content, the easier it is to form a second phase or precipitates at the 

grain boundaries, reducing the mechanical properties. 

2. Affects microstructural stability 

• Powder morphology and specific surface area have an important influence on the interface 

diffusion rate and component migration ability, and determine the microstructure evolution 

path during the sintering process. 

3. Affects product consistency and batch stability 

• Unstable raw materials will lead to batch-to-batch performance fluctuations, making it 

difficult to achieve the product consistency and reliability required in high-end applications. 

  

V. Summary 

High-quality tungsten, molybdenum, nickel, and iron raw materials are essential for achieving the 

desired performance targets for tungsten-molybdenum-nickel-iron alloys. By optimizing powder 

particle size distribution, controlling impurity levels, and improving mixing and pretreatment 

processes, we can effectively enhance forming density, sintering uniformity, and end-use 

performance. Meticulous raw material management is a critical step in the entire alloy preparation 

process. 

 

4.2 Powder Metallurgy Compressing and Forming Technology of Tungsten-Molybdenum-

Nickel-Iron Alloy 

 

Tungsten-molybdenum-nickel-iron alloys are typically produced using powder metallurgy due to 

their high melting point, high density, and complex multi-element composition. Pressing and 

forming are key steps influencing the finished material's shape accuracy, density, and mechanical 

properties. This section focuses on common powder pressing techniques, including compression 

molding, cold isostatic pressing (CIP), hot isostatic pressing (HIP), and novel forming technologies, 

analyzing their principles, key process points, and applicable scopes. 

  

1. Uniaxial Die Pressing 

1. The basic principle of  

compression molding is to use a rigid mold to apply uniaxial or biaxial pressure to compact 

loose powder into a "green body" with a certain shape and strength. This method is suitable 

for products with regular shapes and small to medium sizes. 

2. Main Features 

• The process is simple, efficient and suitable for mass production. 

• There is a gradient in green density along the pressing direction, with the density in the 

center area being relatively low. 

• It is easy to form cracks or delamination, and the powder filling and pressing speed must 

be precisely controlled. 

3. Key points of process control 
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• Reasonably design the mold structure and demoulding angle to avoid cracking after 

pressing. 

• Lubricants are used to reduce mold friction and improve density uniformity. 

• The optimal compaction pressure is usually between 150 and 600 MPa, depending on 

powder flowability and target size. 

  

2. Cold Isostatic Pressing (CIP) 

1. Basic Principle  

CIP uses a liquid medium (such as oil or water) to apply isotropic pressure to the powder 

in the rubber mold, achieving a high-density and isotropically uniform pressing effect. 

2. Advantages 

• The density of the compact is uniform and there is almost no directional difference. 

• Parts with complex shapes or large sizes can be manufactured. 

• It is suitable for the production of structural parts that are subsequently machined after 

sintering. 

3. Key parameters 

• The commonly used pressure range is 100~400 MPa. 

• The pressing time is generally 1 to 5 minutes, depending on the mold volume and powder 

type. 

• The green density can reach 65%~75% of the theoretical density. 

4. Process considerations 

• The mold design must have good pressure resistance and sealing performance. 

• Air inclusion or stratification of powder should be avoided during the pressing process. 

  

3. Hot Isostatic Pressing (HIP) 

1. Technical Principle  

HIP is an isotropic pressing process carried out under high temperature (1000 ~ 1400°C) 

and high pressure (100 ~ 200 MPa). The powder is solid-phase sintered and densified under 

the action of hot pressing. 

2. Process advantages 

• Products with density close to theoretical density (>98%) can be obtained. 

• Reduce residual porosity and improve high temperature strength and fracture toughness. 

• Suitable for the precision manufacturing of high-performance structural parts, nuclear 

components and aviation components. 

3. Disadvantages and Challenges 

• The cost is high and the equipment investment is large. 

• The mold requirements are very strict, and glass, steel or graphite sealed containers are 

often used. 

  

4. Powder Injection Molding (PIM) 

1. Technical Introduction  

PIM is a near-net-shape forming technology suitable for small parts with complex shapes. 
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Tungsten, molybdenum, nickel and iron powders are mixed with thermoplastic binders and 

injected into the mold cavity through an injection molding machine to form the parts. 

2. Scope of application 

• Electronic components, tiny structural parts, medical device parts, etc. 

• Suitable for high-efficiency, mass-automated production. 

3. Critical Control Points 

• The adhesive removal process needs to be slow and even to avoid cracking. 

• The injection parameters (temperature, pressure) need to match the rheological properties 

of the powder. 

  

5. Emerging forming technologies such as gel casting and 3D printing 

1. Gel casting  

involves mixing a solution with a powder to form a gel-like slurry, which is then injected 

into a mold and solidified. This slurry is then dried and sintered to create a dense structure. 

Its advantages include the ability to produce complex shapes with minimal shrinkage 

cavities. 

2. Additive manufacturing (3D printing),  

including selective laser sintering (SLS) and metal spray forming (MJM), can directly 

produce complex parts without the need for molds, but the problems of high density and 

interface bonding still need to be solved. 

  

VI. Summary 

The forming technology for tungsten-molybdenum-nickel-iron alloys has evolved from traditional 

die pressing to a variety of methods, including high-uniformity CIP, densification HIP, and near-

net-shape injection molding. The choice of forming method requires a comprehensive consideration 

of product size, performance requirements, cost, and process adaptability. Forming quality directly 

impacts the alloy's overall performance during subsequent sintering, heat treatment, and application. 

 

4.3 Sintering Process and Densification Control of W-Mo-Ni-Fe Alloy 

 

Sintering is a core step in the powder metallurgy preparation of tungsten-molybdenum-nickel-iron 

alloys. Its quality directly determines the alloy's density, mechanical properties, microstructure, and 

service life. Tungsten and molybdenum, as refractory metals, have high sintering temperatures and 

slow diffusion rates, while nickel and iron act as liquid-phase sintering and bonding phases. This 

section systematically explains the sintering mechanism, key process parameters, and densification 

strategies for tungsten-molybdenum-nickel-iron alloys, and explores microstructure evolution and 

property control pathways under different atmospheres. 

  

1. Sintering mechanism of tungsten-molybdenum-nickel-iron alloy 

Tungsten and molybdenum, due to their high melting points (3410°C and 2620°C respectively), are 

mainly sintered through solid phase diffusion ; nickel and iron, on the other hand, have lower 

melting points and can form a liquid phase, especially in a certain proportion, which promotes 
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wetting, diffusion and rearrangement of the powder interface, thus achieving liquid phase sintering 

(LPS).  

The entire sintering process can be roughly divided into: 

1. Pre-burning stage (500~900°C) 

• Remove lubricants, binders, moisture and adsorbed gases from powders. 

• The initial sintering neck is formed and pores still exist. 

2. Solid phase diffusion stage (1000~1300°C) 

• Initial sintering neck growth occurs between tungsten and molybdenum powder particles, 

and the density increases slowly. 

• During this stage, the organizational structure begins to stabilize. 

3. Liquid phase assisted sintering stage (1300~1500°C) 

• Nickel iron begins to melt locally to form a liquid phase, filling the pores and enhancing 

the density. 

• The liquid phase helps particles rearrange, promotes element diffusion, and reduces 

sintering temperature. 

4. Homogenization stage (high temperature insulation) 

• Elements diffuse further, the tissue becomes homogenized, and the pores shrink or close 

further. 

  

2. Sintering atmosphere control 

The sintering atmosphere has a decisive influence on intermetallic reactions, redox behavior and 

impurity formation. Common atmospheres include: 

1. Hydrogen (H₂ ) atmosphere 

• Strong reducing property, helps to remove oxides on the powder surface. 

• It can prevent tungsten oxidation and facilitate sintering densification. 

• The moisture content must be strictly controlled (< -60°C dew point) to avoid reoxidation. 

2. Argon (Ar) or argon-hydrogen mixture 

• Inert protective atmosphere, suitable for tungsten, molybdenum, nickel and iron multiphase 

systems. 

• The balance between reduction and protection can be adjusted according to the material 

composition. 

3. Vacuum sintering 

• Preventing any atmosphere interference is conducive to the formation of a pure sintering 

interface. 

• Suitable for high-purity tungsten and molybdenum materials, but with high energy 

consumption and high equipment costs. 

  

3. Sintering parameter control 

1. Temperature control 

• Common sintering temperature range: 1350°C ~ 1550°C. 

• If liquid phase assisted sintering is used, the temperature can be appropriately lowered to 

1250°C~1350°C. 
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2. Heating rate 

• Too rapid a heating will result in a dense surface and closed inner pores, forming a defect 

of “dense outside and loose inside”. 

• It is recommended to increase the temperature gradually: stage temperature control + 

insulation measures. 

3. Holding time 

• Generally it takes 1 to 3 hours, depending on the workpiece size, atmosphere and material. 

• Helps promote uniform diffusion and microstructural stabilization. 

4. Cooling method 

• Controlled cooling is usually used to avoid thermal stress or cracks caused by sudden 

temperature drops. 

  

4. Densification Control Strategy 

1. Optimize powder particle size and mixing uniformity 

• Use a graded powder mixing system to increase bulk density. 

• Reasonable powder particle size combination can reduce sintering shrinkage and improve 

density. 

2. Add a small amount of sintering aid or liquid phase promoting element 

• Adding an appropriate amount of Ni-Fe can promote liquid phase sintering, but excessive 

addition should be avoided to prevent structural segregation. 

• Elements such as Cr and Co can also improve sintering wettability and organizational 

uniformity. 

3. Two-stage sintering 

• First carry out low-temperature pre-firing and high-temperature main firing to improve 

sintering efficiency and density control. 

4. Post-processing: hot isostatic pressing (HIP) 

• After sintering, HIP is used to further eliminate residual pores, which can achieve tungsten-

molybdenum-nickel-iron alloy products with a density close to the theoretical density 

(>99.5%). 

  

5. Characteristics of microstructural evolution 

• During the liquid phase sintering process, tungsten and molybdenum grains are prone to 

rearrangement and recrystallization, and grain growth needs to be controlled. 

• The nickel-iron phase penetrates between the tungsten-molybdenum particles to form a 

good bonding interface. 

• If the temperature is not properly controlled, defects such as porous structure, stratification, 

and element segregation may occur. 

  

VI. Summary 

The sintering process is a key factor in determining the density, strength, and structural uniformity 

of tungsten-molybdenum-nickel-iron alloys. By rationally controlling the sintering temperature, 

atmosphere, insulation regime, and liquid-phase sintering mechanism, diffusion bonding and 
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densification within the material can be effectively promoted, maximizing the synergistic 

strengthening effects of each component. Combined with subsequent hot isostatic pressing or 

surface heat treatment, the material's high-temperature stability and service life can be further 

enhanced. 

  

4.4 Heat Treatment and Microstructure Control of W-Mo-Ni-Fe Alloy 

 

The performance of tungsten-molybdenum-nickel-iron alloys depends not only on their composition 

and sintering quality but also on the subsequent heat treatment process. A suitable heat treatment 

process can optimize grain structure, eliminate internal stresses, promote uniform element diffusion, 

and strengthen interphase bonding, thereby enhancing the material's mechanical properties and 

service stability. This section focuses on the types of heat treatment techniques, microstructure 

evolution mechanisms, and microstructure control strategies for tungsten-molybdenum-nickel-iron 

alloys, aiming to establish a systematic correlation between heat treatment parameters and material 

properties. 

  

1. Basic purpose and function of heat treatment 

• Eliminate residual stress and texture deviation formed during sintering; 

• Optimize grain size and phase boundary distribution to inhibit grain coarsening; 

• Strengthen the interface bonding between the solid solution phase and the bonding phase; 

• Promote further diffusion of alloy elements and improve organizational uniformity; 

• Improve plasticity, toughness, crack resistance and fatigue resistance. 

  

2. Common heat treatment technologies and their principles 

1. Solution Treatment 

• Applicable temperature range : generally 1100°C~1350°C; 

• Treatment principle : Through long-term heat preservation at high temperature, the nickel 

and iron elements in the alloy are fully dissolved in the tungsten-molybdenum skeleton, 

promoting the expansion of the phase interface transition zone; 

• Effect : Improve material toughness, improve the continuity and uniformity of the bonding 

phase, and reduce the source of microcrack initiation. 

2. Aging Treatment 

• Applicable temperature range : 600°C~900°C; 

• Principle and purpose : To promote the precipitation of some supersaturated solid solution 

elements to form dispersion strengthening phases (such as Ni₃Fe , FeMo, etc.), thereby 

improving the yield strength and fatigue resistance of the alloy; 

• Note : Aging time and temperature need to be controlled to prevent coarse precipitates from 

destroying toughness. 

3. Hot Isostatic Pressing (HIP) 

• Typical parameters : temperature 1200°C ~1400°C,pressure100200 MPa; 

• Function : Densification is carried out simultaneously during the heat treatment process to 

further eliminate pores and microcracks; 
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• Scope of application : high-end tungsten-molybdenum-nickel-iron alloy parts, such as 

nuclear industry components and aerospace structural parts. 

4. Rapid Annealing 

• Suitable for thin plates and small parts , using rapid heating + rapid cooling method to 

stabilize the structure; 

• Advantages : inhibit grain coarsening, maintain fine structure, and improve strength and 

fatigue life. 

  

3. Microstructure evolution mechanism during heat treatment 

1. Grain morphology changes 

• Heat treatment can promote grain recrystallization and eliminate non-equiaxed grains left 

over from sintering; 

• Controlling the heat treatment temperature and time can form fine equiaxed crystals, which 

helps improve uniformity and crack resistance. 

2. Interface strengthening effect 

• During the heat treatment process, nickel and iron elements diffuse to the interface of 

tungsten and molybdenum particles, forming a transition layer with high binding energy 

and improving the interface bonding strength. 

3. Separation behavior regulation 

• Under aging treatment, the precipitation of fine intermetallic compounds helps to pin 

dislocations and improve material strength; 

• If the precipitated phase is too large or unevenly distributed, it may easily induce brittle 

fracture failure. 

4. Residual stress relief 

• Heat treatment can release internal stress caused by sintering, pressing or processing, and 

prevent crack propagation during subsequent use. 

  

4. Microstructure Regulation Strategy 

1. Multi-stage heat treatment system design 

• For example, the combination of "high temperature solution + medium temperature aging" 

can take into account both plasticity and strength; 

• "Low-temperature pretreatment + high-temperature homogenization" helps to fully diffuse 

elements and purify grain boundaries. 

2. Grain refinement approach 

• Adding fine-grain strengthening elements (such as Re, Ta, etc.) or controlling temperature 

and time to inhibit recrystallization growth; 

• Tissue freezing is achieved through local rapid cooling, preserving nano- or submicron-

scale structures. 

3. Interface transition layer construction 

• By adjusting the heat treatment atmosphere (such as containing trace amounts of C or N), 

a stable interdiffusion layer is induced in the interface area to enhance the bonding. 
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5. Heat treatment equipment and process parameter control 

• Equipment type : mainly vacuum heat treatment furnace, hydrogen protection furnace, 

atmosphere control box furnace, HIP device, etc. 

• Process control points : 

o Temperature uniformity (fluctuation < ±5°C); 

o Heating and cooling rates (to avoid thermal shock); 

o Atmosphere purity (e.g. hydrogen dew point < -60°C); 

o Heat treatment holding time (needs to match according to thickness and size). 

  

Conclusion:  

The heat treatment of tungsten-molybdenum-nickel-iron alloys is more than a simple "annealing" 

or "strengthening" process; it involves a microstructural optimization process that integrates 

material physics, thermodynamics, and phase diagram theory. Precisely controlling the heat 

treatment path and microstructural evolution maximizes the alloy's potential, achieving a unique 

combination of high density, high strength, and high stability. Heat treatment technology is also 

evolving toward intelligent, controllable, and environmentally friendly approaches. 

 

4.5 Machining and surface treatment of tungsten-molybdenum-nickel-iron alloy 

 

Tungsten-molybdenum-nickel-iron alloys present numerous challenges in machining and surface 

treatment due to their high density, high hardness, high melting point, and complex multiphase 

structure. However, by optimizing process parameters, selecting appropriate equipment and tools, 

and utilizing advanced surface treatment technologies, high-precision, high-quality machining and 

enhanced functionality can be achieved. This section systematically discusses key technical 

approaches and application strategies, ranging from cutting and grinding to surface hardening and 

coating treatments. 

  

1. Machining characteristics of tungsten-molybdenum-nickel-iron alloy 

Tungsten-molybdenum-nickel-iron alloy combines the high melting point and high strength 

characteristics of tungsten and molybdenum with the moderate plasticity and machinability 

of the nickel-iron bonding phase , exhibiting the following processing characteristics: 

• High hardness and brittleness : Tungsten and molybdenum phases lead to high cutting 

resistance of the material, and are prone to edge collapse and cracking; 

• Low thermal conductivity : A lot of heat is generated during processing, and the tool is 

easily worn; 

• The phenomenon of tool sticking is obvious : nickel iron is easily attached to the tool 

when it meets heat, affecting the quality of the processed surface; 

• Tissue heterogeneity : The multiphase microstructure leads to differential processing 

responses and requires precise control. 

  

2. Machining process path 

1. Turning 
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• Suitable for primary and fine processing of bars and tubes; 

• It is recommended to use carbide tools (WC-Co series) , and the coating can be TiAlN, 

AlCrN, etc. 

• Cutting parameters should be medium to low speed (Vc = 40-80 m/min), small feed rate, 

and moderate cutting depth ; 

• Oil-based coolant or high-pressure cooling system is recommended as coolant. 

2. Milling 

• Used for forming complex geometric structures or contour processing; 

• The number of tool teeth and cutting path must be controlled to avoid material edge collapse; 

• It is recommended to use end milling or round nose milling cutter, and moderate inclination 

angle can reduce impact load. 

3. Grinding 

• It is the most commonly used high-finishing processing method for tungsten-

molybdenum-nickel-iron alloys ; 

• It is recommended to use CBN (cubic boron nitride) or diamond grinding wheels; 

• Wet grinding and fine grinding can significantly improve surface finish (Ra < 0.2 μm); 

• It is necessary to avoid thermal cracks and burns and control the cutting fluid temperature 

and flow. 

4. Drilling, tapping and grooving 

• The operation is difficult, so it is recommended to use a special drill with a chip groove 

design; 

• When tapping, consider using cold-forming taps to avoid thread cracking; 

• For thin plates or thin-walled parts, support fixtures should be used to prevent vibration and 

deformation. 

  

3. Surface treatment technology and application 

In order to improve the corrosion resistance, wear resistance, fatigue resistance and functionality of 

tungsten-molybdenum-nickel-iron alloy, the following surface treatment methods are often used: 

1. Surface polishing (Mechanical / Electrolytic Polishing) 

• Mechanical polishing can be used to remove processing marks and improve finish; 

• Electrolytic polishing is suitable for precision parts and can reduce microcracks and surface 

stress concentration. 

2. Pickling and passivation treatment 

• Use a dilute nitric acid/hydrofluoric acid mixture to pickle the surface to remove scale and 

microparticles; 

• Subsequent passivation treatments such as chromating can help improve corrosion 

resistance. 

3. Surface coating (PVD/CVD) 

• PVD (Physical Vapor Deposition) : such as TiN, CrN, and TiAlN coatings to improve 

wear resistance and friction performance; 

• CVD (Chemical Vapor Deposition) : Forms a highly dense and highly adhesive ceramic 

film layer. 
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4. Laser cladding and ion implantation 

• High-energy laser is used to melt the coating material to form a metallurgical bonding layer 

with the tungsten-molybdenum-nickel-iron substrate; 

• Ion implantation can enhance surface hardness, electrical conductivity or corrosion 

resistance for components used in extreme environments. 

5. Surface modification heat treatment 

• Local heat treatment (such as induction heating) can improve the hardness and fatigue 

strength of local areas; 

• Plasma surface modification technology has the advantages of low deformation and low 

pollution, and is suitable for high-precision components. 

  

4. Processing defect types and control measures 

Defect Type Cause Analysis Control measures 

Tool chipping High cutting force and excessive 

feed rate 

Reduce cutting speed and use wear-resistant 

tools 

Surface 

scratches/pitting 

The cutting fluid is not clean and the 

grinding wheel is clogged 

Replace the grinding wheel and strengthen the 

filtration system 

Thermal cracks and 

burns 

Grinding heat accumulation and 

insufficient cooling 

Enhanced cooling and wet grinding 

Microcrack 

propagation 

Micro defects at the interface of 

multiphase structures 

Heat treatment to optimize interface bonding 

and add micro-alloy elements 

coating peeling Insufficient adhesion or insufficient 

surface preparation 

Surface pretreatment (sandblasting, pickling), 

selection of appropriate coating system 

 

5. Trends in digitalization and automation of processing technology 

• Use CNC machining center for high-precision cutting path control; 

• Use machining simulation software to pre-evaluate process parameters and predict 

defects; 

• Industrial robots and real-time monitoring systems are introduced in some high-end 

manufacturing processes to improve processing stability and consistency; 

• Establish an online monitoring mechanism for tool wear to achieve closed-loop feedback 

control of processing quality. 

  

VI. Summary 

While high-precision machining and surface treatment of tungsten-molybdenum-nickel-iron alloys 

present challenges, a combination of appropriate tool selection, process optimization, and surface 

modification techniques can achieve functional integration, improved performance, and extended 

service life. With the advancement of CNC technology, surface engineering, and automated 

machining methods, the machinability and application adaptability of tungsten-molybdenum-

nickel-iron alloys will continue to increase, meeting the demands of more demanding applications 

in nuclear energy, aviation, and medical fields. 
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4.6 Additive Manufacturing and Advanced Forming Methods of Tungsten-Molybdenum-

Nickel-Iron Alloys 

 

Tungsten-molybdenum-nickel-iron (W-Mo-Ni-Fe) alloys are widely used in high-end fields such as 

the nuclear industry, aerospace, military, and medicine due to their high specific gravity, high 

melting point, high strength, and excellent radiation resistance. However, traditional powder 

metallurgy forming methods such as molding, isostatic pressing, and sintering have limitations in 

producing complex structures or high-precision parts. With the rise of additive manufacturing (AM) 

and advanced forming technologies, the preparation methods for W-Mo-Ni-Fe alloys are expanding 

towards higher efficiency, higher precision, and more complex functions. 

This section will systematically discuss the development status, key process technologies, forming 

challenges and future trends of tungsten-molybdenum-nickel-iron alloys in the field of additive 

manufacturing. 

 

1. Feasibility Analysis of Tungsten-Molybdenum-Nickel-Iron Alloy for Additive 

Manufacturing 

Tungsten-molybdenum-nickel-iron alloy powder has the following typical properties, making it 

suitable for additive manufacturing applications: 

• High-density spherical powders can be prepared by atomization and are suitable for 

laser/electron beam powder bed fusion; 

• The alloy has a certain plasticity and can obtain a continuous and dense structure after 

melting; 

• Tissue regulation and stress release can be achieved through heat treatment; 

• It is suitable for manufacturing complex parts such as special-shaped, hollow parts, and 

parts with cooling structures. 

However, there are challenges: 

• The high melting points (W 3420°C, Mo 2620°C) result in very high energy input 

requirements; 

• The melting points of different elements vary greatly, which can easily lead to segregation 

and microcracks; 

• Stress concentration during the forming process may induce cracks or holes. 

  

2. Additive Manufacturing Technology Path for Tungsten-Molybdenum-Nickel-Iron Alloy 

1. Laser Powder Bed Fusion (LPBF) 

• Technical points : 

o Use high-power laser to melt the powder layer point by point; 

o The scanning path needs to be optimized to reduce thermal gradients; 

• Applicable powder : 20–45 μm spherical W-Mo-Ni-Fe powder produced by atomization; 

• Forming characteristics : high forming accuracy (<±50 μm), suitable for manufacturing 

complex geometric structures; 

• Challenge : Prone to cracks, warping, and element separation. 
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2. Electron Beam Melting (EBM) 

• Technical points : 

o Powder melting using an electron beam in a vacuum environment; 

o The preheating temperature can reach 800~1000°C, suitable for high melting point 

alloys; 

• Advantages : Reduce thermal stress and suitable for large-size structures; 

• Applicable scenarios : Used to manufacture large nuclear devices and aerospace structural 

components. 

3. Laser Cladding and Directed Energy Deposition (DED/LENS) 

• Principle : Laser melting while feeding powder, and building up the structure layer by layer; 

• Advantages : Suitable for parts repair and functionally graded material (FGM) design; 

• The forming speed is fast , but the surface roughness is relatively high and requires post-

processing. 

4. Binder Jetting 

• Principle : Use a binder to bond the powder into shape, and then sinter to densify; 

• Advantages : high speed, low energy consumption, suitable for batch production of 

complex parts; 

• Challenge : Large sintering shrinkage and high dimensional accuracy control requirements. 

  

3. Advanced forming methods to supplement technical paths 

1. Hot Isostatic Pressing (HIP) 

• Combined with additive manufacturing : 

o Densification of additively formed parts; 

o Especially suitable for components with micropores, cracks and large residual 

stress; 

• Typical parameters : temperature 1300-1500°C, pressure 100-200 MPa, holding time 2-4 

hours. 

2. Micro-stretching and micro-stamping technology (Microforming) 

• Used to manufacture W-Mo-Ni-Fe thin plate parts or micro components with micron-scale 

structures; 

• Combining laser cutting with micromachining control enables miniaturization of high-

precision components. 

3. Functionally Graded Materials (FGM) and Multi-Material Integrated Forming 

• Through methods such as DED, gradient design of tungsten and molybdenum content in 

different areas of the structure can be achieved; 

• It can enhance the local heat resistance/radiation resistance of parts and reduce the overall 

weight. 

  

4. Process Optimization and Material Performance Control Strategy 

1. Powder particle size and flowability control 

o Use gas atomization or plasma spheroidization technology to prepare high 

sphericity powders; 
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o Control oxygen content (<300 ppm) to reduce sintering expansion and cracking 

risks. 

2. Energy input and scanning strategy optimization 

o Precisely control laser power, scanning speed, and overlap rate to prevent local 

sintering or cracking; 

o Layering strategy and thermal field control can reduce residual stress. 

3. Post-processing and heat treatment linkage 

o After forming, internal defects need to be eliminated through annealing, aging or 

HIP; 

o Microstructure re-homogenization treatment helps to improve the overall 

mechanical properties. 

4. Multiscale simulation and quality control 

o Apply finite element simulation to predict melt pool flow, stress distribution, and 

cooling behavior; 

o Structural reliability assessment is achieved using technologies such as CT 

scanning and ultrasonic non-destructive testing. 

  

V. Application Exploration and Future Development Trends 

• Nuclear power field : manufacturing complex neutron absorption structures and porous 

tungsten-molybdenum-nickel-iron functional components; 

• Aerospace protection : lightweight, high-protection components (such as satellite 

momentum wheel balance structure); 

• Military high-energy weapons : special-shaped armor-piercing cores, inertial devices for 

seekers; 

• Multi-material integration : Integrate with titanium alloy, aluminum alloy, ceramic and 

other materials to construct multifunctional structural components; 

• Green Manufacturing : Reduce material waste in additive manufacturing and promote the 

development of sustainable manufacturing systems. 

  

VI. Summary 

Tungsten-molybdenum-nickel-iron alloys demonstrate significant technological potential and 

application prospects in additive manufacturing and advanced forming. Although they still face 

process challenges such as high melting points, multi-element segregation, and forming defects, 

continued advancements in equipment technology, material design, and numerical simulation will 

enhance the ability to manufacture complex structures, driving their widespread application in 

extreme environments and high-end manufacturing. 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

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

production with 30 years of experience. 

 

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

mature technology. 

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

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

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

performance. 

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

100,000+ customers 

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

sports and entertainment and other fields. 

Service commitment 

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

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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Chapter 5 Performance Testing and Quality Assessment of Tungsten-Molybdenum-Nickel-

Iron Alloy 

 

5.1 Composition Analysis and Elemental Testing of Tungsten-Molybdenum-Nickel-Iron Alloy 

 

Tungsten-molybdenum-nickel-iron (W-Mo-Ni-Fe) is a high-performance, high-density alloy. Its 

mechanical, thermal, and electrical properties are highly dependent on the content and uniformity 

of each element in the alloy. Therefore, accurate composition analysis and elemental testing are 

crucial foundations for quality control. This not only impacts product consistency and traceability, 

but also the safety and reliability of the material in critical applications such as nuclear energy, 

military, and aerospace. 

 

This section systematically introduces the chemical composition detection methods, elemental 

analysis techniques, common impurity control standards, and composition evaluation methods of 

tungsten-molybdenum-nickel-iron alloys, providing technical support for alloy preparation, process 

monitoring, and final testing. 

  

1. Analysis methods of main alloying elements 

1. Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES) 

• Principle : After the sample is dissolved, it is injected into high-temperature plasma to 

analyze the intensity of the characteristic spectrum of each element; 

• Advantages : 
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o Wide detection range, capable of simultaneously analyzing major elements such 

as tungsten, molybdenum, nickel, and iron; 

o High accuracy, suitable for batch testing; 

• Application : Widely used in component analysis and uniformity evaluation of mid- and 

late-stage products. 

2. X-ray fluorescence spectrometry (XRF) 

• Principle : After the sample is excited by X-rays, the intensity of the fluorescence radiation 

is analyzed to determine the element content; 

• Advantages : 

o Non-destructive, fast, and suitable for solid samples; 

o The accuracy is slightly lower than wet ICP, but it is suitable for rapid screening; 

• Limitations : Insensitive to light elements (such as O, C, N). 

3. Atomic Absorption Spectroscopy (AAS) 

• Used for quantitative analysis of medium-content elements such as nickel and iron ; 

• It has high accuracy but limited measurement throughput and is suitable for precise 

determination of single elements. 

  

2. Detection methods of impurity elements and gas elements 

Tungsten-molybdenum-nickel-iron alloys have strict requirements on the control of impurities (such 

as C, O, N, H, S, and P), especially in high-temperature service and irradiation environments. Trace 

impurities may also cause grain boundary embrittlement, gas precipitation, or strength loss. 

1. Oxygen, nitrogen and hydrogen analyzer (ONH analysis) 

• Applicable instruments : thermal conductivity ONH analyzer; 

• Principle : O, N, and H released after high-temperature melting are detected separately; 

• Importance : Used to evaluate gas retention in powders or dense parts, especially after 

additive manufacturing. 

2. Carbon and sulfur analyzer (CS analysis) 

• Used to detect the content of free carbon, graphite and carbide ; 

• Applicable technology : infrared carbon and sulfur analysis; 

• Control standard : High-purity tungsten-molybdenum-nickel-iron alloy requires the C and 

S content to be less than 0.01%. 

  

3. Element uniformity and micro-area composition analysis 

In order to prevent composition segregation and phase separation during melting or sintering, micro-

area analysis and composition uniformity evaluation are also required: 

1. Scanning electron microscopy (SEM) + energy dispersive spectroscopy (EDS) 

• Observe the element distribution pattern and secondary phase precipitation ; 

• Suitable for the detection of inclusions, particle agglomeration and segregation at the 

micro scale . 

2. Electron Probe Microscopy (EPMA) 

• Higher resolution and lower detection limit ; 
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• It can be used for multi-point scanning to analyze the composition gradient changes 

of the entire cross section . 

  

IV. Ingredient Control Standards and Quality Requirements 

Different application areas have different tolerances for composition fluctuations in tungsten-

molybdenum-nickel-iron alloys: 

element Content range (wt.%) Typical control range (military/nuclear grade) 

W 85–95 ±0.5% 

Mo 1–5 ±0.2% 

Ni 2–6 ±0.2% 

Fe 1–4 ±0.2% 

C ≤0.02 ≤0.005 

O ≤0.03 ≤0.01 

N ≤0.015 ≤0.005 

S/P ≤0.01 ≤0.003 

 

Note: The data in the above table are indicative ranges. The actual ranges shall be determined 

according to product grades and standards (such as GB/T, ASTM, AMS, etc.). 

 

5. Testing Process and Quality Control Strategy 

1. Raw material stage 

o Powder composition detection (ICP, ONH, CS); 

o Verification of batch-to-batch consistency of ingredients. 

2. Sintering/forming stage 

o Re-examination of bulk material composition; 

o Micro-area analysis and impurity monitoring. 

3. Finished product stage 

o Batch sampling + element uniformity confirmation; 

o Compare with the ingredient database to ensure ratio compliance. 

  

VI. Summary 

Composition analysis of tungsten-molybdenum-nickel-iron alloys is not only the first step in quality 

assessment but also a critical step in optimizing the manufacturing process and ensuring product 

consistency. As high-end applications increasingly demand greater material stability and reliability, 

the future will increasingly rely on integrated multi-technique testing methods (such as ICP-MS, 

TOF-SIMS, and XPS) and process monitoring systems to achieve a closed-loop composition control 

process from powder to finished product. 
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5.2 Microstructure and Density Characterization of W-Mo-Ni-Fe Alloy 

 

As a typical high-density composite alloy, the ultimate performance of tungsten-molybdenum-

nickel-iron (W-Mo-Ni-Fe) alloy is largely determined by its microstructure and overall density. The 

microstructure not only reflects the alloy's internal phase composition, grain distribution, interface 

characteristics, and impurity inclusions, but also determines its mechanical properties (such as 

strength, toughness, and hardness), thermophysical properties (thermal conductivity and expansion), 

electromagnetic properties, and service stability. Therefore, systematic and detailed characterization 

of the microstructure and density is a key component of evaluating the quality of tungsten-

molybdenum-nickel-iron alloys. 

 

This section will focus on the alloy's microstructure analysis methods, density measurement 

methods, common structural defects and their impact on performance, and introduce advanced 

multi-scale characterization techniques and quality evaluation methods. 

  

1. Microstructure Analysis Technology 

 

1. Optical Microscopy (OM) 

• Purpose : Low-magnification observation and preliminary evaluation of grain size, pores, 

and phase distribution; 

• Sample preparation : mechanical polishing + chemical etching is used, and the commonly 

used etching solution is HCl + FeCl₃ + alcohol mixture; 

• Observation points : 

o distribution of grain boundaries; 

o Multiphase interface transition conditions; 

o Precipitation of spherical or dendritic structures. 

 

2. Scanning Electron Microscopy (SEM) 

• use : 

o Carefully observe the alloy surface morphology, sintering neck connection, and 

pore morphology; 

o Analyze the interface bonding, grain boundary precipitation, and inclusion types 

of alloys; 

• It is often used in conjunction with energy dispersive spectroscopy (EDS) to determine 

the elemental composition of each phase region. 

 

3. Transmission Electron Microscopy (TEM) 

• Applicable objects : nano-reinforced phase, dislocation structure, and precipitate analysis; 

• Technical features : 

o Observable lattice structure and interface structure; 

o Reveal the existence of W-Mo, Ni-Fe solid solution or interstitial phase at high 

resolution; 
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• Sample preparation : Ion beam thin film sample preparation or FIB (focused ion beam) 

technology is required. 

 

4. X-ray diffraction (XRD) 

• Purpose : To qualitatively and quantitatively analyze the crystal phase structure and 

identify solid solutions, precipitates, oxides, etc. 

• Typical information : 

o W and Mo have a body-centered cubic structure; 

o Ni-Fe can form a γ solid solution; 

o The observed changes in the second phase peak intensity can reflect the sintering 

effect and the influence of heat treatment. 

 

5. Electron Backscatter Diffraction (EBSD) 

• Advantages : 

o Accurately obtain grain orientation, texture distribution, and grain boundary 

characteristics; 

o It can be used to analyze grain distortion and dynamic recrystallization caused 

during processing; 

• Typical applications : Analyzing grain morphology evolution after extrusion, rolling, or 

additive manufacturing. 

  

2. Density Measurement and Porosity Analysis Methods 

The density of tungsten-molybdenum-nickel-iron alloy is an important indicator to measure its 

mechanical integrity, thermal conductivity and fatigue life. The higher the density, the better its 

physical properties and durability. 

 

1. Archimedean method 

• Suitable for sintered bulk materials ; 

• method : 

o Displacement with a liquid (such as ethanol or distilled water) and measurement 

of the change in buoyancy; 

o Calculation formula: ρ = W_air / (W_air - W_liquid) × ρ_liquid; 

• Advantages : simple operation, good repeatability, suitable for batch testing. 

 

2. Helium pycnometer (gas displacement method) 

• Suitable for porous materials and powder samples ; 

• Principle : Measure the volume of gas displaced by the sample and calculate the true 

density based on the mass; 

• Advantages : The influence of closed cells can be eliminated, and the measurement results 

are closer to the actual density. 

 

3. X-ray computed tomography (X-CT) 
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• 3D imaging : Obtain the distribution of defects such as pores, cracks, and lack of fusion 

inside the sample; 

• Resolution : up to 1~3 μm; 

• use : 

o Analyze porosity, pore size distribution, and defect volume fraction; 

o Support non-destructive quality evaluation of additively manufactured finished 

products. 

  

3. Typical organizational structure characteristics and defect identification 

1. Phase distribution and interface structure 

• W-Mo particles usually have a main skeleton structure and are spherical or polygonal; 

• Ni-Fe constitutes a continuous phase, distributed at the interface between particles, and 

sometimes forms a eutectic filling area; 

• Excessive Ni may lead to the precipitation of low-melting-point Ni-W or Ni-Mo 

intermetallic compounds during liquid phase sintering and needs to be moderately 

controlled. 

 

2. Defect Type 

Defect Type Cause Performance impact 

Unsintered holes Insufficient sintering temperature and short 

sintering time 

Reduced strength and thermal 

conductivity 

crack Too fast cooling rate and thermal stress 

accumulation 

Reduce fatigue life 

Precipitated impurity 

phase 

Excessive impurity elements (such as Si, O) Induces embrittlement and reduces 

ductility 

Phase separation Uneven element distribution and insufficient 

sintering 

Reduce material isotropy 

 

4. Organization and Density Control Strategy 

• Powder optimization : Using spherical W-Mo-Ni-Fe premixed powder with narrow 

particle size distribution helps densification during the sintering process; 

• Sintering control : Optimizing temperature (1350–1500°C), holding time, and atmosphere 

(H₂ / Ar) to enhance the growth of the joint neck; 

• Post-processing control : Hot isostatic pressing (HIP) is used to eliminate micropores and 

increase the overall density to over 99.5%; 

• Microstructure control : Heat treatment + plastic deformation (such as forging and rolling) 

can promote grain refinement and enhance texture uniformity. 

  

V. Summary 

The microstructure and density of tungsten-molybdenum-nickel-iron alloys not only determine their 

intrinsic physical properties but also directly impact their service safety and engineering reliability. 
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Combining optical and electron microscopy techniques with multidimensional density measurement 

enables comprehensive quality assessment from the macro to nanoscale. In the future, supported by 

advances in intelligent testing and digital characterization, the microstructure control and finished 

product consistency of tungsten-molybdenum-nickel-iron alloys will be further enhanced, laying 

the foundation for their widespread application in high-end manufacturing. 

 

5.3 Mechanical Properties of Tungsten-Molybdenum-Nickel-Iron Alloys and Comparison 

with Standards 

 

Tungsten-molybdenum-nickel-iron (W-Mo-Ni-Fe) alloys are widely used in key applications such 

as military, aerospace, nuclear, and medical devices due to their high density, strength, excellent 

toughness, and radiation resistance. Their mechanical properties are not only a core criterion for 

material selection but also a crucial basis for quality assessment, production control, and process 

optimization. To ensure that materials meet the safety and functional requirements of various 

applications, their mechanical properties must be systematically tested and standardized according 

to international standards. 

 

This section will comprehensively introduce the mechanical property test items, common test 

methods, comparison of standard systems (ASTM, GB, ISO, MIL, etc.) of tungsten-molybdenum-

nickel-iron alloy, as well as the evaluation significance and precautions of test results in application. 

  

1. Main mechanical properties test items 

Typical mechanical properties of tungsten-molybdenum-nickel-iron alloys include: 

Performance indicators Test significance 

tensile strength The strength limit of the material under maximum load 

Yield strength The critical stress value at which the material produces irreversible deformation 

Elongation at break Key parameters that characterize material plasticity and reflect ductility 

Sectional shrinkage Characterize necking and deformation capabilities to assist in evaluating 

processing adaptability 

Hardness (HV/HB) Characterizes local compressive strength and indirectly reflects wear resistance 

and processing difficulty 

Impact toughness Characterizes the ability to absorb impact loads and is an important judgment of 

brittleness or ductility 

Fatigue life Evaluate the service life of materials under alternating loads 

High temperature 

strength/creep 

Mechanical stability under high temperature service conditions 

 

2. Commonly used test methods and equipment 

1. Tensile Test 

• Applicable standards : 

o ASTM E8 (Standard Method for Tensile Testing of Metallic Materials) 
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o GB/T 228.1 (Methods for tensile testing of metallic materials at room temperature) 

o ISO 6892-1 (International standard for tensile testing of metallic materials) 

• Testing equipment : Universal material testing machine 

• Sample shape : round bar or flat standard tensile specimen 

• Parameter output : 

o Tensile Strength (UTS) 

o Yield strength (YS) 

o Elongation (EL) 

o Area reduction (RA) 

2. Hardness test 

• Vickers hardness (HV) : used to precisely measure microhardness after sintering or heat 

treatment 

o Standards: ASTM E384, GB/T 4340, ISO 6507 

• Brinell hardness (HB) : suitable for testing the overall hardness of large forgings or rolled 

parts 

o Standards: ASTM E10, GB/T 231, ISO 6506 

 

3. Impact toughness test 

• Test method : Charpy Impact Test 

• Standards : ASTM E23, GB/T 229, ISO 148 

• Parameter output : impact absorption energy (J), brittle fracture ratio 

• Applicable temperature : normal temperature or low temperature (-40°C or even -196°C) 

 

4. Fatigue testing 

• Test method : high cycle fatigue (HCF), low cycle fatigue (LCF) 

• Standards : ASTM E466, GB/T 3075, ISO 1099 

• Output data : stress-life (SN) curve, fatigue limit 

 

5. High temperature performance test 

• Creep and rupture strength tests : used to evaluate the deformation and fracture behavior 

of tungsten-molybdenum-nickel-iron alloys under long-term service at 600°C~1000°C 

• Standards : ASTM E139, GB/T 2039, ISO 204 

  

3. Comparison of mechanical properties standards 

1. Overview of Common Standards in Different Countries/Systems 

Performance Project China (GB/T) United States (ASTM) European/International (ISO) 

stretch GB/T 228.1 ASTM E8/E8M ISO 6892-1 

hardness GB/T 231/4340 ASTM E10/E384 ISO 6506/6507 

Impact GB/T 229 ASTM E23 ISO 148-1 

Creep GB/T 2039 ASTM E139 ISO 204 

fatigue GB/T 3075 ASTM E466 ISO 1099 
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2. Typical performance range of tungsten-molybdenum-nickel-iron alloy (for reference) 

Performance indicators Numerical range Test conditions 

tensile strength 800 – 1100 MPa Room temperature 

Yield strength 600 – 900 MPa Room temperature 

Elongation 10% – 30% Room temperature 

Hardness (HV) 200 – 350  

Impact toughness > 30 J (Charpy test) normal temperature 

Creep rupture life > 100 h (1000°C) Persistent loading 

Note: Specific performance varies with sintering density, heat treatment method, alloy ratio, etc. In 

actual use, please refer to the manufacturer's test report or certification data. 

  

4. Main factors affecting mechanical performance 

• Powder quality : Powder particle size, purity and distribution directly affect density and 

strength; 

• Density : The lower the porosity, the better the tensile and impact properties; 

• Grain size : Small grains increase strength (Hall-Page effect) but may reduce ductility; 

• Heat treatment system : Quenching, aging or annealing process determines the strength 

and toughness balance of the alloy; 

• Phase composition : The uniformity of the Ni-Fe continuous phase is crucial for plasticity 

and impact properties; 

• Structural defects : inclusions, cracks, delamination, and segregation can all lead to 

performance fluctuations. 

  

V. Summary and Suggestions 

The mechanical property evaluation of tungsten-molybdenum-nickel-iron alloys requires adherence 

to strict international standards, combined with precise testing methods and standardized specimen 

preparation procedures. Different testing items complement each other, collectively providing a 

scientific assessment of the material's comprehensive performance. Targeted performance 

requirements and testing procedures are required for different application scenarios (such as armor-

piercing projectile cores, nuclear reactor components, or aviation inertial vehicles). 

 

In the future, with the increasing demand for functional composite materials and extreme service 

environments, high-throughput testing technology, multi-scale modeling analysis, artificial 

intelligence prediction, etc. will gradually enter the mechanical property evaluation system of 

tungsten-molybdenum-nickel-iron alloys, realizing full-process performance management from 

material design to application deployment. 

 

5.4 Testing methods for thermal and electrical properties of tungsten-molybdenum-nickel-iron 

alloys 
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Tungsten-molybdenum-nickel-iron alloys are widely used in high-temperature, high-radiation, and 

extreme environments due to their exceptional high density, excellent mechanical properties, and 

stable physical properties. Their thermophysical and electrical properties directly impact the alloy's 

heat dissipation efficiency, electromagnetic compatibility, and service stability in practical 

engineering applications . Therefore, accurately testing and analyzing the thermophysical and 

electrical properties of tungsten-molybdenum-nickel-iron alloys is a critical step in material research 

and development, quality control, and performance optimization. 

 

This section focuses on the test methods and instrument technologies for key indicators such as 

thermal conductivity, thermal expansion coefficient, specific heat capacity, thermal diffusivity, 

electrical conductivity, magnetic response and radiation resistance of tungsten-molybdenum-nickel-

iron alloys. 

  

1. Thermal property testing method 

1. Thermal conductivity measurement 

• Test Principle : Measures the ability of a material to conduct heat, usually using a steady-

state method or a transient method; 

• Commonly used equipment : 

o Laser Flash Analysis (LFA) 

▪ Principle: Use laser pulses to heat one side of the sample, measure the 

temperature response on the other side, calculate the thermal diffusivity, 

and then infer the thermal conductivity; 

▪ Application range: room temperature to high temperature (up to 2000°C); 

▪ Standard: ASTM E1461; 

o Steady-state method 

▪ Thermal conductivity is calculated by applying a constant temperature 

difference and measuring the heat flux and temperature gradient; 

▪ Suitable for large samples and low temperature ranges. 

• Notes : 

o The sample size and surface condition have a significant impact on the results; 

o The measurement accuracy of high-density materials is higher. 

 

2. Coefficient of Thermal Expansion (CTE) Measurement 

• Test principle : The ratio of the change in length of a material when heated to its original 

length, usually changes with temperature; 

• Measuring instrument : Dilatometer; 

• Standards : ASTM E228, GB/T 3366, ISO 11359; 

• Test range : room temperature to high temperature (generally up to 1000°C and above); 

• application : 

o Predict thermal stress and thermal deformation; 

o Cooperate with the thermal matching of designed structural parts. 
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3. Specific Heat and Thermal Diffusivity 

• Specific heat capacity : The ability of a material per unit mass to absorb heat and cause a 

temperature increase, commonly measured by differential scanning calorimetry (DSC); 

• Thermal diffusivity : the speed at which heat propagates in a material, which can be 

obtained by laser flash method; 

• Relationship : Thermal conductivity = thermal diffusivity × specific heat capacity × density. 

  

2. Electrical and physical properties testing methods 

1. Conductivity and resistivity measurements 

• Four-probe method 

o Standards: ASTM B193, GB/T 24523; 

o Measure sample resistance and calculate conductivity or resistivity; 

o Advantages: effectively avoid the influence of contact resistance, suitable for 

metal and alloy materials; 

• Hall effect measurement 

o Used to determine carrier concentration and mobility and evaluate alloy 

conductivity mechanism; 

o Applied to the study of the electronic structure of high-performance tungsten-

molybdenum alloys. 

2. Magnetic response detection 

• Hysteresis loop measurement 

o Instruments: vibrating sample magnetometer (VSM), superconducting quantum 

interference device (SQUID); 

o Measure the change of magnetization intensity with external magnetic field to 

determine whether the material is paramagnetic, ferromagnetic or 

antiferromagnetic; 

• AC magnetic permeability test 

o Evaluate the magnetic response of materials in AC magnetic fields for use in 

electronic device design. 

  

3. Radiation resistance test 

• Radiation environment simulation 

o Conduct irradiation tests using neutron sources and gamma-ray sources; 

o Observe the changes in alloy mechanical properties, microstructure, and electrical 

properties; 

• Post-irradiation performance test 

o Includes tests of fracture toughness, hardness, electrical resistivity and thermal 

conductivity to evaluate radiation-induced material degradation. 

  

4. Test Sample Preparation and Precautions 

• The sample should be representative and avoid surface oxidation and mechanical damage; 

• Test temperature range and atmosphere control (such as inert gas) affect test results; 
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• Repeated testing ensures data accuracy and repeatability. 

  

V. Summary 

The thermophysical and electrical properties of tungsten-molybdenum-nickel-iron alloys are crucial 

foundations for their application performance. Advanced instrumentation, including laser flash 

methods, thermal expansion instruments, four-probe measurements, and magnetic response testing, 

enables precise measurement of key data such as the material's thermal conductivity, thermal 

expansion characteristics, electrical conductivity, and magnetic properties, providing a scientific 

basis for material design optimization and engineering applications. In the future, combined with 

multi-field coupled performance testing and simulation, our understanding and control of the multi-

physical properties of tungsten-molybdenum-nickel-iron alloys will be further enhanced. 

 

5.5 Surface Condition and Defect Detection Technology of Tungsten-Molybdenum-Nickel-

Iron Alloy 

 

As a high-performance heavy metal, the surface condition of tungsten-molybdenum-nickel-iron 

alloy directly impacts its mechanical properties, corrosion resistance, and service life. Furthermore, 

minute surface defects such as cracks, pores, and inclusions are often key factors in premature 

material failure. Therefore, accurate and efficient detection of the surface condition and internal 

defects of tungsten-molybdenum-nickel-iron alloy is crucial for ensuring material quality and 

application safety. 

 

This section systematically introduces the surface characterization technology and mainstream 

defect detection methods of tungsten-molybdenum-nickel-iron alloys, including visual inspection, 

non-destructive testing technologies (ultrasonic testing, X-ray imaging, magnetic particle inspection, 

eddy current testing, etc.), as well as emerging digital inspection and artificial intelligence-assisted 

analysis technologies. 

  

1. Characterization of the surface state of tungsten-molybdenum-nickel-iron alloy 

1. Surface roughness measurement 

• Instruments and methods : 

o Profilometers (contact, non-contact); 

o Laser scanning microscopy; 

o Atomic force microscopy (AFM) is used for nanoscale roughness measurement. 

• Key parameters : 

o Ra (arithmetic mean roughness); 

o Rz (ten-point height roughness); 

o Rt (maximum height roughness). 

• Application significance : 

o Evaluate machining process effects (such as grinding and polishing); 

o Affects coating adhesion and fatigue performance; 

o Excessive roughness may lead to stress concentration and increased corrosion. 
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2. Surface morphology and microstructure analysis 

• Scanning Electron Microscopy (SEM) : 

o Used to observe surface cracks, particle distribution and oxide layer status; 

• Energy Dispersive Spectroscopy (EDS) : 

o Analyze surface element distribution and detect inclusions and contaminants; 

• X-ray Photoelectron Spectroscopy (XPS) : 

o Qualitative analysis of surface chemical composition and oxidation state. 

  

2. Defect Detection Technology 

1. Visual inspection 

• method : 

o Manual visual inspection; 

o Automated machine vision systems combining high-resolution cameras and image 

processing algorithms. 

• Advantages : 

o Intuitive and fast; 

o Suitable for detecting large-area surface defects such as scratches, pores, and 

peeling. 

2. Ultrasonic Testing (UT) 

• principle : 

o Utilize the propagation and reflection characteristics of ultrasonic waves in 

materials to detect internal defects; 

• method : 

o Pulse echo method, transmission method; 

o Phased array ultrasonic technology (PAUT) enables high-resolution imaging. 

• Scope of application : 

o Detect internal cracks, inclusions, interlayer separation and pores; 

• advantage : 

o High sensitivity, non-destructive; 

o Can be used for thick plates and complex structures. 

3. X-ray and computed tomography (CT) 

• X-ray inspection : 

o Use the penetrating power of X-rays to reveal internal structures; 

o Suitable for finding larger defects such as pores, inclusions and cracks. 

• Industrial CT : 

o Three-dimensional non-destructive imaging technology to accurately locate and 

measure defect volume; 

o Particularly effective for complex geometries and multi-layer structures. 

4. Magnetic Particle Testing (MPT) 

• Applicable materials : Suitable for magnetic conductive materials. Tungsten-

molybdenum-nickel-iron alloy generally has magnetic response; 

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 78 页 共 152 页 

• Principle : After magnetization, the magnetic field leaks at the defect and the adsorbed 

magnetic powder appears; 

• Advantages : high sensitivity, easy operation, suitable for detecting surface and near-

surface defects. 

5. Eddy Current Testing (ECT) 

• Principle : Detect surface and near-surface defects of conductive materials using the 

principle of electromagnetic induction; 

• Application : Highly sensitive detection of microcracks, corrosion and coating defects; 

• Advantages : non-contact, fast, suitable for surface and shallow detection. 

  

3. Advanced digitalization and intelligent detection technology 

• Digital image processing and AI assistance : 

o Combined with machine learning algorithms, automatic defect identification and 

classification can be achieved; 

o Improve detection efficiency and accuracy and reduce human errors. 

• Optical 3D scanning and surface topography reconstruction : 

o Accurately acquire complex topography data to assist in subsequent processing 

and performance evaluation. 

• Online detection system : 

o Integrate sensors and automatic control to achieve real-time quality monitoring of 

the production line. 

  

IV. Testing standards and quality control requirements 

• Related standards : 

o ASTM E165 (magnetic particle inspection standard); 

o ASTM E213 (ultrasonic testing standard); 

o ISO 17638 (industrial CT testing); 

o GB/T 13810 (Terminology for non-destructive testing), etc. 

• Quality Control : 

o Establish a complete testing process to ensure the reliability of test data; 

o Multiple detection methods complement each other to improve the 

comprehensiveness of defect detection. 

  

V. Summary 

Surface condition and defect detection technology for tungsten-molybdenum-nickel-iron alloys is 

crucial for ensuring stable material performance and safe use. By integrating multiple 

nondestructive testing techniques with modern digital and intelligent analytical methods, high-

precision and efficient detection of surface and internal defects in tungsten-molybdenum-nickel-

iron alloys is possible. In the future, as testing technology advances, the automation and intelligence 

of material testing will continue to rise, providing a solid foundation for the high-end applications 

of tungsten-molybdenum-nickel-iron alloys. 
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5.6 Nondestructive Testing and Service Life Assessment of Tungsten-Molybdenum-Nickel-

Iron Alloys 

 

Tungsten-molybdenum-nickel-iron alloys are widely used in aerospace, nuclear, military, and high-

end manufacturing. These applications often involve complex conditions such as high stress, high 

temperature, and strong radiation. To ensure the safety and reliability of these alloys during service, 

accurate nondestructive testing (NDT) and a scientific life assessment system are essential. This 

section focuses on NDT techniques and service life prediction methods for tungsten-molybdenum-

nickel-iron alloys. 

  

1. The role of non-destructive testing technology in service monitoring of tungsten-

molybdenum-nickel-iron alloy 

As a high-density, high-strength material, tungsten-molybdenum-nickel-iron alloys can suffer from 

internal and surface defects that can lead to performance degradation and sudden failure. 

Nondestructive testing (NDT) technology can detect cracks, inclusions, pores, and fatigue damage 

early, enabling real-time monitoring of the material's health. 

1. Main nondestructive testing methods 

• Ultrasonic testing (UT)  

uses the propagation characteristics of sound waves in materials to detect internal defects 

and is suitable for thick plates and complex-shaped tungsten-molybdenum-nickel-iron alloy 

parts. Phased array ultrasonic testing (PAUT) can achieve three-dimensional imaging and 

has high positioning accuracy. 

• Radiographic testing (X-rays and gamma rays)  

identifies internal defects in materials through penetrating imaging and is suitable for 

detecting larger pores and cracks. Industrial CT technology can provide high-resolution 

three-dimensional defect structure images. 

• Magnetic particle testing (MT)  

is suitable for detecting surface and near-surface defects. The magnetic response properties 

of tungsten-molybdenum-nickel-iron alloys make this method effective. 

• Eddy current testing (ECT)  

targets surface and shallow microcracks and corrosion, has high detection sensitivity, and 

is particularly suitable for electronic and precision parts. 

• Acoustic emission testing (AE)  

monitors the elastic wave signals released by materials when they are subjected to stress, 

and can capture the crack propagation and fatigue damage process in real time. 

  

2. Service Life Assessment Method 

Tungsten-molybdenum-nickel-iron alloys often experience complex loads and extreme 

environments in actual applications. A reasonable life assessment system is not only based on the 

material's own properties, but also needs to combine non-destructive testing data and service 

conditions. 
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1. Fatigue life prediction 

• Fatigue tests  

Low cycle fatigue (LCF) and high cycle fatigue (HCF) tests were carried out under 

laboratory conditions to obtain SN curves and fracture toughness parameters. 

• Damage tolerance theory  

predicts fatigue life during service based on the initial flaw size and crack growth rate of 

the material. 

• The fracture mechanics model  

uses fracture mechanics parameters (such as stress intensity factor K and J integral) to 

analyze crack growth. 

2. Impact of high temperature and radiation environment 

• High temperature creep analysis  

evaluates the creep deformation and life of materials under long-term high temperature 

loading. 

• Radiation damage assessment  

incorporates radiation-induced material degradation to adjust lifetime prediction models. 

3. Multi-field coupling fatigue life assessment 

• Taking into account the impact of various environmental factors such as temperature, stress, 

radiation and corrosion on tungsten-molybdenum-nickel-iron alloys, advanced numerical 

simulation and experimental data-driven models are used to achieve accurate life prediction. 

  

3. Integrated application of nondestructive testing and life assessment 

• The online monitoring system  

realizes real-time health monitoring of key parts of tungsten-molybdenum-nickel-iron alloy 

through sensor arrangement. 

• Data-driven intelligent maintenance  

uses machine learning and big data analysis technologies, combined with NDT data, to 

predict remaining life and guide repair and replacement decisions. 

• Full life cycle management  

covers design, manufacturing, use and scrapping, establishing a complete material status 

tracking and life management system. 

  

IV. Future Development Trends 

• High-sensitivity multimodal nondestructive testing technology  

integrates acoustic emission, ultrasonic, eddy current and optical testing to enhance defect 

identification capabilities. 

• Digital twin and simulation technology  

combine material microstructure and service data to achieve multi-scale life simulation. 

• The intelligent material health management platform  

enables intelligent diagnosis and early warning of the service status of tungsten-

molybdenum-nickel-iron alloy. 
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V. Summary 

Nondestructive testing and service life assessment of tungsten-molybdenum-nickel-iron alloys are 

core technologies for ensuring their safe and stable application in high-end applications. By 

integrating multiple nondestructive testing methods with advanced fatigue and environmental 

impact models, early warning of material degradation and accurate lifespan prediction can be 

achieved. In the future, intelligent and digital technologies will significantly enhance the reliability 

management of tungsten-molybdenum-nickel-iron alloys and promote their widespread application 

in extreme operating conditions. 
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Chapter 6 Typical Applications and Industrial Cases of Tungsten-Molybdenum-Nickel-Iron 

Alloy 

 

6.1 Structural and Shielding Applications of Tungsten-Molybdenum-Nickel-Iron Alloys in 

Nuclear Energy 

 

Tungsten-molybdenum-nickel-iron alloys, due to their exceptional high density, high strength, and 

excellent radiation resistance, have become important structural and radiation shielding materials in 

the nuclear energy sector. With the development of nuclear energy technology, higher requirements 

have been placed on material performance. Tungsten-molybdenum-nickel-iron alloys, with their 

unique physical and chemical properties, are widely used in key areas such as nuclear reactor 

components, neutron absorbers, and radioactive waste disposal. 

  

1. Physical and radiation protection advantages of tungsten-molybdenum-nickel-iron alloy 

Tungsten and molybdenum, with their extremely high density (approximately 19.3 g/cm³ for 

tungsten and 10.2 g/cm³ for molybdenum) and atomic number, are effective gamma-ray and neutron 

shielding materials. Nickel-iron, used as a binder, not only imparts excellent mechanical properties 

to the alloy but also enhances its resistance to radiation damage. The composite structure of 

tungsten-molybdenum-nickel-iron alloy achieves an optimal balance between shielding 

effectiveness and mechanical strength, meeting the dual requirements of high strength and high 

density for nuclear power equipment. 

  

2. Application in Nuclear Reactor Structural Components 
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1. Tungsten  

-molybdenum-nickel-iron alloys are commonly used as neutron reflectors and gamma-ray 

shields in nuclear reactors, reducing radiation leakage and protecting critical equipment and 

operators. Their high density effectively reduces radiation transmittance and extends 

equipment life. 

2. control rods and neutron absorbers  

, tungsten-molybdenum-nickel-iron alloy can achieve a specific neutron absorption cross 

section, prepare high-efficiency control rod materials, and accurately adjust the chain 

reaction rate of nuclear reactors. 

3. In high-radiation environments, the high strength and toughness and excellent radiation 

resistance of tungsten-molybdenum-nickel-iron alloy ensure that radiation-resistant 

structural parts do not suffer from brittle cracking and severe deformation, thus maintaining 

the structural integrity of the nuclear reactor . 

 

3. Radioactive Waste Treatment and Shielding 

Protective barriers made of tungsten-molybdenum-nickel-iron alloys are widely used in nuclear 

waste storage and transport containers. Their high density effectively blocks radioactive rays, 

preventing radiation leaks and ensuring environmental and personnel safety. Furthermore, the 

alloy's mechanical stability supports long-term storage, reducing safety risks caused by material 

aging. 

  

4. Nuclear Medicine and Radiation Protection Equipment 

In nuclear medicine, tungsten-molybdenum-nickel-iron alloys are used to manufacture shielding 

components and precision structural parts in radiotherapy equipment. Their high density ensures 

precise control of radiation, improving treatment effectiveness while protecting medical staff from 

the effects of radiation. 

  

V. Industry Case Analysis 

1. domestic tungsten-molybdenum-nickel-iron alloy nuclear energy material 

manufacturers  

have established complete tungsten-molybdenum-nickel-iron alloy production lines, 

equipped with advanced powder metallurgy and precision processing equipment. Their 

products are widely used in domestic nuclear power plants and research reactors. 

2. Application Examples in the International Nuclear Energy Market:  

Tungsten-molybdenum-nickel-iron alloy products are exported to nuclear-powered 

countries such as Europe, the United States, Japan, and South Korea, meeting their demand 

for high-performance radiation protection materials and promoting global nuclear energy 

material technology exchanges and cooperation. 

  

VI. Future Development Trends 

• High-performance tungsten-molybdenum-nickel-iron composite materials  

improve the radiation resistance and mechanical properties of materials through 
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nanotechnology and microalloying, thereby enhancing the safety and life of nuclear energy 

equipment. 

• The integration of intelligent monitoring and life prediction technology  

with non-destructive testing technology enables online health monitoring and predictive 

maintenance of tungsten-molybdenum-nickel-iron alloy components in nuclear energy 

equipment. 

• Green nuclear energy and sustainable development of materials  

promote the environmentally friendly preparation process and recycling technology of 

tungsten-molybdenum-nickel-iron alloy in nuclear energy materials, which is in line with 

the sustainable strategy of future nuclear energy development. 

  

VII. Summary 

As a key structural and shielding material in the nuclear energy sector, tungsten-molybdenum-

nickel-iron alloys, with their unique physical properties and excellent radiation protection 

capabilities, support the safe and stable operation of nuclear energy technology. With advances in 

materials science and nuclear energy technology, tungsten-molybdenum-nickel-iron alloys will play 

an increasingly important role in the nuclear energy industry chain, promoting the efficient and 

green development of nuclear energy. 

  

6.2 Application of Tungsten-Molybdenum-Nickel-Iron Alloy in Military Projectile Cores and 

Inertial Components 

 

Tungsten-molybdenum-nickel-iron alloy, due to its high density, high strength, and excellent wear 

and high-temperature resistance, has become a key material in the military industry for 

manufacturing armor-piercing projectile cores and key components of inertial guidance systems. Its 

unique physical and mechanical properties meet the stringent requirements of military equipment 

for warhead penetration, accuracy, and durability. 

  

1. Key advantages of tungsten-molybdenum-nickel-iron alloy in armor-piercing projectile 

core 

1. High density brings concentrated kinetic energy  

. The density of tungsten-molybdenum-nickel-iron alloy is usually between 17-18 g/cm³, 

which is much higher than that of steel. This allows the armor-piercing core to concentrate 

huge kinetic energy when impacting the target at high speed, achieving excellent 

penetration effect. 

2. Excellent mechanical strength and toughness  

The high tensile strength and fracture toughness of the alloy ensure that the core is not 

easily broken or deformed when penetrating armor, thereby improving penetration depth 

and hit effect. 

3. High temperature resistance and wear resistance  

The instantaneous high temperature and severe friction generated by high-speed impact 

place extremely high demands on material performance. The high temperature resistance 
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and wear resistance of tungsten-molybdenum-nickel-iron alloy ensure the stability of the 

core shape and maintain penetration efficiency. 

  

2. Application of military inertial components 

1. a key structural component in inertial navigation systems  

, is often used to manufacture rotors, gyroscope housings and counterweights in inertial 

navigation systems due to its high density and high strength, thereby improving the system's 

stability and vibration resistance. 

2. The dimensional stability and good processing performance of high-precision mechanical 

parts alloys make them suitable for inertial components with complex shapes, 

ensuring the long-term reliable operation of precision instruments. 

 

3. Typical application cases 

• manufactures a certain type of armor-piercing projectile core  

using tungsten-molybdenum-nickel-iron alloy material instead of traditional cemented 

carbide, which increases the core penetration capability by 20%, significantly enhancing 

the combat effectiveness of the weapon system. 

• High-performance inertial navigation system components  

High-end inertial navigation equipment at home and abroad uses tungsten-molybdenum-

nickel-iron alloy to make rotor components, achieving higher accuracy and anti-

interference capabilities. 

  

4. Manufacturing process and technical requirements 

• Powder metallurgy forming  

uses high-purity tungsten and molybdenum powders and a strictly temperature-controlled 

sintering process to ensure that the alloy is dense and uniform, avoiding performance 

defects. 

• Precision machining  

combined with advanced grinding and polishing technologies enables high-precision 

manufacturing of complex components. 

• Surface strengthening treatment  

improves the wear resistance and corrosion resistance of the alloy through surface coating 

or heat treatment, thereby extending the life of the core and inertial components. 

  

V. Development Trends and Challenges 

• Nano-strengthening and microstructure optimization  

further improve the comprehensive mechanical properties and toughness of materials 

through nano-particle strengthening and micro-alloying technology. 

• While ensuring performance, lightweight design develops low-density composite 

materials to replace part of the tungsten-molybdenum-nickel-iron alloy to achieve 

overall equipment lightweighting. 
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• Improved environmental adaptability  

targets extreme temperatures and complex battlefield environments, optimizes material 

corrosion resistance and thermal stability, and improves component service reliability. 

  

VI. Summary 

Tungsten-molybdenum-nickel-iron alloys, with their excellent density, strength, and wear resistance, 

play a key role in missile cores and inertial components in the military industry. Through continuous 

material innovation and processing technology advancements, tungsten-molybdenum-nickel-iron 

alloys will further meet the stringent high-performance material demands of future military 

equipment and promote the modernization of military technology. 

 

6.3 Application of Tungsten-Molybdenum-Nickel-Iron Alloys in Aerospace High-Temperature 

Structures 

 

Tungsten-molybdenum-nickel-iron alloys, with their exceptional high density, strength, and high-

temperature stability, have become the preferred material for critical high-temperature structures in 

the aerospace industry. As spacecraft continue to improve in performance and safety, these alloys 

play a vital role in engine components, thermal insulation, and high-temperature structures. 

  

1. High temperature performance advantages 

Tungsten and molybdenum, as high-melting-point metals (tungsten approximately 3422°C, 

molybdenum approximately 2623°C), endow the alloy with excellent high-temperature resistance 

and thermal stability. The nickel-iron matrix not only enhances mechanical strength but also 

improves the material's thermal expansion compatibility and oxidation resistance, ensuring the 

alloy's long-term stable service in complex thermal environments. 

  

2. Application of Key Components of Aero-Engine 

• for nozzle and combustion chamber structures  

make it suitable for use as key high-temperature components such as nozzles and 

combustion chambers, which can withstand extreme airflow and high temperature impact. 

• the turbine blades and supporting structures  

improve the high-temperature creep resistance and fatigue life of the blades, ensuring long-

term and efficient operation of the engine. 

  

3. Spacecraft Thermal Insulation and Protective Materials 

Tungsten-molybdenum-nickel-iron alloy plays a dual role in thermal insulation, shielding against 

high-temperature radiation and conducting heat. Its high density effectively prevents heat transfer 

to sensitive structures, while also providing excellent oxidation and corrosion resistance, enhancing 

the reliability of spacecraft thermal protection systems. 

  

4. Aerospace structural parts and counterweights 
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Tungsten-molybdenum-nickel-iron alloys are widely used in spacecraft structural components and 

counterweight systems due to their high density and mechanical stability. Their high strength 

ensures structural safety, while their precise dimensional stability ensures dynamic balance and 

system reliability. 

  

5. Manufacturing Technology and Process Challenges 

• Powder metallurgy and heat treatment optimize  

and control alloy density and microstructure, improving high temperature performance and 

thermal stability. 

• Complex shape processing  

uses high-precision machining and surface strengthening technology to meet the 

manufacturing requirements of complex aerospace components. 

• Anti-oxidation coating technology  

develops high-efficiency, high-temperature resistant coatings to extend the service life of 

alloys in high-temperature oxidizing environments. 

  

VI. Typical Industry Cases 

• The application of tungsten-molybdenum-nickel-iron alloy nozzles in a certain type of 

aircraft engine  

has achieved ultra-long nozzle life in high temperature and high pressure environments 

through improvements in alloy composition and manufacturing process. 

• Development of high-temperature thermal insulation materials for spacecraft  

Many aerospace agencies at home and abroad use tungsten-molybdenum-nickel-iron alloys 

as thermal insulation materials to ensure the safety of key systems. 

  

7. Future Development Trends 

• Intelligent monitoring of high-temperature environments  

integrates sensors to monitor the status of high-temperature components in real time and 

prevent material failure. 

• Research and development of new composite materials:  

tungsten-molybdenum-nickel-iron alloys are combined with ceramics and other high-

temperature materials to improve overall performance. 

• Lightweight high-temperature alloy design  

reduces alloy density through microalloying and nano-strengthening to achieve the goal of 

lightweight and high performance. 

  

8. Summary 

Tungsten-molybdenum-nickel-iron alloys, with their exceptional high-temperature mechanical 

properties and thermal stability, have become a core choice for high-temperature structural materials 

in aerospace applications. Through continuous material innovation and process improvements, their 

application prospects in future aerospace technology are promising, and they will continue to 

support the safe and reliable operation of high-performance aerospace equipment. 
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6.4 Application of Tungsten-Molybdenum-Nickel-Iron Alloy in Medical Radiotherapy and 

High-Density Protection 

 

Tungsten-molybdenum-nickel-iron alloys are widely used in the medical field, particularly in 

radiotherapy and radiation protection equipment, due to their high density, high strength, and 

excellent radiation shielding properties. Their excellent physical properties not only ensure the 

accuracy of treatment but also provide effective safety protection for medical staff and patients. 

  

1. Key applications in medical radiotherapy equipment 

1. Radiation shielding of radiotherapy equipment.  

Tungsten-molybdenum-nickel-iron alloy, as a high-density material, can effectively absorb 

and shield X-rays and gamma rays, reduce the impact of radiation on non-treatment areas, 

and protect the patient's normal tissues from damage. 

2. High-density structural  

alloys in radiotherapy equipment are used to manufacture isolation plates, collimators and 

protective covers in radiotherapy equipment to ensure that the rays accurately irradiate the 

target area, improve treatment effects and reduce side effects. 

3. Radioactive Source Packaging and Protection Containers  

Containers made of tungsten-molybdenum-nickel-iron alloy have excellent protection 

properties and are used to encapsulate radioactive drugs and nuclides to prevent radiation 

leakage and ensure operational safety. 

  

2. Advantages of high-density protective materials 

• Excellent shielding performance  

The high density and high atomic number of tungsten-molybdenum-nickel-iron alloy give 

it a significant absorption capacity for high-energy radiation, making it an ideal medical 

radiation protection material. 

• Good mechanical properties  

ensure shielding effect while the alloy maintains good strength and toughness, meeting the 

structural safety requirements of medical equipment. 

• Dimensional stability and processing adaptability  

Precision forming and processing capabilities support the manufacturing of complex 

structural parts and adapt to the diverse design requirements of medical equipment. 

  

3. Typical application cases in medical radiotherapy 

• Shielding components in linear accelerator radiotherapy systems  

Many advanced domestic and foreign linear accelerators use tungsten-molybdenum-nickel-

iron alloy to manufacture protective blades and shielding covers, significantly improving 

equipment safety and treatment accuracy. 
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• Radionuclide transport and storage containers  

Alloy containers are widely used in the nuclear medicine sector to ensure the safe 

transportation and storage of radiopharmaceuticals. 

  

4. Production Process and Quality Control 

• The high-density powder metallurgy process  

uses high-purity raw materials and precision sintering technology to ensure that the material 

is dense and non-porous, thereby improving shielding efficiency. 

• Surface treatment and corrosion resistance enhancement  

Through surface coating and heat treatment, the corrosion resistance and service life of the 

alloy are improved. 

• Strict quality testing standards  

include chemical composition analysis, microstructure observation and radiation shielding 

effectiveness testing to ensure that the product meets medical safety requirements. 

  

V. Development Trends and Technological Innovation 

• The research and development of functional composite protective materials  

combines tungsten-molybdenum-nickel-iron alloys with polymer materials to develop 

lightweight and efficient radiation protection materials to reduce the weight of medical 

equipment. 

• Intelligent medical protection equipment  

integrates sensors and monitoring systems to achieve real-time monitoring and control of 

radiation during radiotherapy. 

• Environmentally friendly preparation processes  

promote green manufacturing technology, reduce environmental impact during the 

production process, and meet the sustainable development requirements of the medical 

industry. 

  

VI. Summary 

Tungsten-molybdenum-nickel-iron alloy, with its exceptional high density and radiation shielding 

properties, plays an irreplaceable role in medical radiotherapy and high-density protection. In the 

future, with the continuous advancement of materials science and medical technology, tungsten-

molybdenum-nickel-iron alloy will continue to contribute to ensuring treatment safety and 

improving equipment performance. 

  

6.5 Application of Tungsten-Molybdenum-Nickel-Iron Alloy in Precision Molds and 

Mechanical Wear-Resistant Components  

 

Tungsten-molybdenum-nickel-iron alloy, with its high hardness, high strength, and excellent wear 

resistance, demonstrates significant advantages in the manufacture of precision molds and 

mechanical wear-resistant components. Its superior physical and mechanical properties not only 
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extend the service life of molds but also significantly improve the durability and reliability of 

mechanical components under harsh operating conditions. 

  

1. Key advantages of tungsten-molybdenum-nickel-iron alloy in precision molds 

1. High Hardness and Wear Resistance  

Tungsten-Molybdenum-Nickel-Iron alloy has excellent hardness, which can effectively 

resist the wear of the mold under high frequency and high pressure conditions, maintain the 

stability of the mold size, and ensure the precision and surface quality of the workpiece. 

2. Good resistance to thermal fatigue  

During high-speed forming and thermal processing, the mold surface is subjected to 

repeated thermal cycles. The high thermal stability of tungsten-molybdenum-nickel-iron 

alloy enables it to withstand thermal fatigue and reduce the occurrence of cracks and 

deformation. 

3. Dimensionally stable  

alloys have little dimensional change under high temperature and mechanical stress, 

ensuring that the shape and size of precision molds remain unchanged after long-term use, 

meeting high-precision manufacturing requirements. 

  

2. Application advantages in mechanical wear-resistant parts 

1. Prolong the life of mechanical components.  

The high wear resistance of tungsten-molybdenum-nickel-iron alloy greatly reduces the 

wear of mechanical parts, reduces the frequency of maintenance and replacement, and 

improves the overall operating efficiency of the equipment. 

2. Adaptable to extreme working conditions  

, the alloy can still maintain stable performance in high temperature, high pressure and 

corrosive environments, and is widely used in key wear-resistant parts in mining machinery, 

metallurgical equipment, papermaking machinery and other industries. 

3. Good processing performance  

By optimizing the heat treatment and surface strengthening process, high-precision 

processing of complex-shaped parts can be achieved to meet the design requirements of 

diverse mechanical parts. 

  

3. Typical application cases 

• The core components of the injection mold,  

the mold core rod and mold guide pin made of tungsten-molybdenum-nickel-iron alloy, 

significantly improve the mold life and molding accuracy, and reduce production costs. 

• Mining equipment wear-resistant lining  

Alloy wear-resistant lining is used for ore crushers and conveying equipment, effectively 

extending the equipment life cycle and improving production efficiency. 

• High-speed mechanical bearing rings  

take advantage of their high strength and wear resistance. Bearing rings made of tungsten-
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molybdenum-nickel-iron alloy can withstand the friction and wear caused by high-speed 

rotation. 

  

4. Manufacturing process requirements 

• High-density powder metallurgy forming  

uses high-density sintering technology to ensure material uniformity and density, and 

improve mechanical properties and wear resistance. 

• Precision machining and surface treatment  

achieve high precision and high surface quality of molds and wear-resistant parts through 

CNC grinding, polishing and heat treatment technologies. 

• Surface strengthening technologies  

include PVD coating, laser quenching, etc., which further improve surface hardness and 

corrosion resistance and extend service life. 

  

V. Development Trends 

• Nanostructure strengthening technology  

Nanoparticles strengthen tungsten-molybdenum-nickel-iron alloy, improving wear 

resistance and toughness, achieving a breakthrough in mold material performance. 

• Green manufacturing and recycling  

promote low-energy consumption and high-efficiency manufacturing technologies, 

promote the recycling and reuse of alloy materials, and reduce environmental impact. 

• Smart manufacturing integrates  

intelligent monitoring and process control to achieve digitalization and automation of mold 

and wear-resistant component manufacturing. 

  

VI. Summary 

Tungsten-molybdenum-nickel-iron alloys, with their superior wear resistance and mechanical 

strength, are widely used in precision molds and wear-resistant mechanical components. In the 

future, with the continuous improvement of material technology and manufacturing processes, their 

position in high-end manufacturing will become even more prominent, driving the industry towards 

efficient, precise, and sustainable development. 

 

6.6 Composite Application of Tungsten-Molybdenum-Nickel-Iron Alloys in Complex 

Environmental Engineering 

 

Tungsten-molybdenum-nickel-iron alloys, with their excellent physical and mechanical properties 

and chemical stability, are widely used in engineering applications across a variety of complex 

environments. Faced with extreme operating conditions such as high temperature, high pressure, 

strong radiation, and corrosion, a single material often struggles to meet performance requirements. 

However, tungsten-molybdenum-nickel-iron alloys, when combined with other materials, achieve 

multifunctional synergy, significantly enhancing the safety and durability of engineering structures. 
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1. Design concept of multifunctional composite materials 

Composite tungsten-molybdenum-nickel-iron alloy materials usually adopt metal-based composite, 

ceramic reinforcement or surface coating technology to combine the high density, high strength and 

heat resistance of tungsten-molybdenum-nickel-iron alloy with the characteristics of other materials 

to form a multifunctional composite system with strength, toughness, wear resistance, corrosion 

resistance and radiation resistance. 

  

2. Typical Composite Application Scenarios 

1. Nuclear industry composite shielding materials are  

made of tungsten-molybdenum-nickel-iron alloys composited with polymers, ceramics or 

lead-based materials to construct high-efficiency neutron and gamma-ray shielding bodies, 

taking into account both weight control and shielding efficiency. They are widely used in 

nuclear reactors, radiation therapy and nuclear waste treatment. 

2. Composite structural parts in high-temperature corrosive environments  

are combined with high-temperature resistant ceramic coatings or alumina and silicon 

carbide fiber reinforcements, and tungsten-molybdenum-nickel-iron alloy composite 

materials to enhance high-temperature oxidation resistance and corrosion resistance. They 

are suitable for key components of gas turbines, high-temperature furnaces and other 

equipment. 

3. Wear-resistant composite components for extreme mechanical stress environments  

use a surface hardened layer and ceramic particle reinforced composites to improve the 

wear resistance and fatigue life of tungsten-molybdenum-nickel-iron alloys. They are 

widely used in mining machinery, metallurgical equipment and marine engineering. 

4. The spacecraft composite protection structure  

is made of tungsten-molybdenum-nickel-iron alloy and carbon fiber reinforced plastic, 

which takes into account both lightweight structure and high-strength protection 

performance, and is used in spacecraft protection shields and inertial counterweight 

systems. 

  

3. Manufacturing Process and Technical Challenges 

• Interface bonding and stress coordination  

The quality of multiphase interface bonding in composite materials directly affects the 

overall performance. It is necessary to improve the interface bonding strength and thermal 

expansion matching through advanced bonding technology and interface engineering 

optimization. 

• Multi-material collaborative processing technology  

combines powder metallurgy, hot isostatic pressing, laser cladding and additive 

manufacturing to achieve the manufacturing of complex shapes and high-performance 

composite structures. 

• Performance gradient design  

achieves an effective combination of surface hardness and tough internal layer through 

material functional gradient design, improving impact resistance and wear resistance. 
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IV. Typical Industry Cases 

• Nuclear power plant radiation shielding composite materials  

Many nuclear power plants use tungsten-molybdenum-nickel-iron alloy-based composite 

materials to achieve the optimal balance between shielding effect and structural strength. 

• The protective layer of high-temperature gas turbine blades  

is composited with a ceramic coating and a tungsten-molybdenum-nickel-iron alloy matrix 

to improve the blades' resistance to high-temperature corrosion and wear. 

• for marine engineering corrosion-resistant and wear-resistant composite components  

are used in marine pumps, valves and platform structures, significantly extending their 

service life. 

  

V. Future Development Trends 

• The intelligent composite material system  

develops intelligent tungsten-molybdenum-nickel-iron alloy composite materials with self-

repair and sensing monitoring functions to improve the safety of engineering structures. 

• Green manufacturing and recyclable composite materials  

promote environmentally friendly manufacturing technologies, increase material recycling 

rates, and meet the requirements of sustainable development. 

• The high-performance, multifunctional integrated structural design  

integrates structure, function and environmental adaptability to create a tungsten-

molybdenum-nickel-iron alloy composite intelligent material suitable for extreme working 

conditions. 

  

VI. Summary 

The combined application of tungsten-molybdenum-nickel-iron alloys in complex environmental 

engineering has greatly expanded their functionality and scope of application. Through material 

compounding and multi-process integration, tungsten-molybdenum-nickel-iron alloys not only 

meet the performance requirements of extreme working conditions, but also provide diverse 

solutions for the engineering field, promoting innovation and upgrading of related industrial 

technologies. 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

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

production with 30 years of experience. 

 

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

mature technology. 

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

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

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

performance. 

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

100,000+ customers 

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

sports and entertainment and other fields. 

Service commitment 

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

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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Chapter 7 Standard System and Compliance Requirements for Tungsten-Molybdenum-

Nickel-Iron Alloys 

 

7.1 Summary of Chinese Tungsten-Molybdenum-Nickel-Iron Alloy Grades and Industry 

Standards (GB/YS) 

 

As a high-performance metal material, tungsten-molybdenum-nickel-iron alloy has a broad 

application base and regulatory framework in China. To regulate production, ensure product quality, 

and promote the healthy development of the industry, the government and the industry have 

formulated a series of relevant standards, clearly defining alloy grades, composition, performance, 

and testing methods. 

  

1. Main brand system of tungsten-molybdenum-nickel-iron alloy in China 

China's tungsten-molybdenum-nickel-iron alloy grades are mostly based on composition and 

performance, combined with the naming rules of national standards (GB) and industry standards 

(YS), mainly including: 

• High-density tungsten-molybdenum-nickel-iron alloy : based on high-content tungsten 

(W) and molybdenum (Mo), with nickel (Ni) and iron (Fe) as bonding metals. The grades 

are mostly named according to the tungsten content and main performance indicators, such 

as WMoNiFe-90, WMoNiFe-95, etc. 

• Special functional alloy grades : Special grades are designed for different application 

fields (such as high temperature resistance, corrosion resistance, and wear resistance) with 

clear composition adjustments and performance indicators. 
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II. Overview of major national standards (GB) 

China's national standards cover the raw materials, composition control, mechanical properties, 

chemical properties and testing methods of tungsten-molybdenum-nickel-iron alloys. 

Representative standards include: 

• GB/T XXXX-XXXX General Technical Conditions for Tungsten-Molybdenum-

Nickel-Iron Alloys  

specifies the chemical composition range, mechanical properties, dimensional tolerances 

and surface quality requirements of the alloys. 

• GB/T XXXX-XXXX Tungsten-Molybdenum-Nickel-Iron Alloy Powder Metallurgy 

Process Specification  

establishes process control standards for powder preparation, pressing and sintering 

processes. 

• GB/T XXXX-XXXX Tungsten-Molybdenum-Nickel-Iron Alloy Performance Test 

Methods  

include microstructure observation, density testing, hardness testing and mechanical 

properties test methods. 

  

3. Industry Standard (YS) Support 

• Industry standards are mainly formulated by relevant departments such as metallurgy, 

materials and military industry, providing more detailed specifications for specific uses and 

technical requirements to ensure the quality and safety of tungsten-molybdenum-nickel-

iron alloys in key areas. 

• For example, the technical requirements of YS/T XXXX-XXXX high-performance 

tungsten-molybdenum-nickel-iron alloy are suitable for high-end fields such as 

aerospace and nuclear industry. 

  

IV. Role and Implementation of the Standards System 

• Guarantee product quality  

through a unified brand and performance index system to achieve consistency and 

interchangeability of products from different manufacturers. 

• Promote industrial upgrading  

standards to promote the standardized application of new materials and new processes, and 

help enhance industrial technological progress and market competitiveness. 

• Support exports to align with international  

standards, refer to domestic standards with international standards, and enhance the 

international recognition of domestic tungsten-molybdenum-nickel-iron alloy products. 

  

5. Development Trend of Standardization 

• Refinement and improvement of the standard system:  

With the development of technology, more segmented application standards and testing 

methods will be introduced to meet diverse needs. 
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• Green manufacturing and environmental protection standards  

emphasize the establishment of standards for environmental protection in the production 

process, material recycling and sustainable utilization. 

• Smart manufacturing support standards  

promote the establishment of intelligent production, online quality monitoring and digital 

management standards. 

  

VI. Summary 

China's tungsten-molybdenum-nickel-iron alloy standard system covers material grades, process 

specifications, performance testing, and other aspects, providing a solid technical foundation for the 

industry. As technology advances and market demand evolves, the standard system will continue to 

improve, supporting the healthy and sustainable development of the tungsten-molybdenum-nickel-

iron alloy industry. 

  

7.2 Specifications for tungsten-molybdenum-nickel-iron alloys in ASTM/MIL standards 

 

Tungsten-molybdenum-nickel-iron alloys, due to their high density, high strength, and excellent 

overall performance, are widely used in key sectors such as aerospace, military, and nuclear energy. 

To ensure the reliability and safety of these applications, the United States has established several 

relevant standards, primarily ASTM (American Society for Testing and Materials) and MIL 

(Military Standards). These standards detail the material requirements, testing methods, and quality 

control processes for tungsten-molybdenum-nickel-iron alloys. 

  

1. ASTM Standard System 

As an internationally renowned materials standards organization, ASTM has published standards 

related to tungsten-molybdenum-nickel-iron alloys covering the chemical composition, mechanical 

properties, preparation process and testing methods of the alloys. Commonly used standards include: 

• ASTM B777 – Technical Specification for Tungsten-Based Heavy Alloy Rods  

defines the chemical composition range, mechanical properties (e.g., tensile strength, 

hardness), and dimensional tolerances for high-density alloys such as tungsten, 

molybdenum, nickel, and iron. 

• ASTM E8/E8M - Tensile Test Methods for Metallic Materials  

specifies standard procedures for tensile testing and is applicable to the evaluation of the 

mechanical properties of tungsten-molybdenum-nickel-iron alloys. 

• ASTM E18 – Hardness testing standard  

covering Rockwell, Vickers, and Brinell hardness measurement methods, ensuring accurate 

determination of the hardness of tungsten-molybdenum-nickel-iron alloys. 

• ASTM E112 – Evaluation of Metal Microstructures  

provides methods for microstructural observation and grain size determination to support 

alloy microstructural analysis. 

  

2. MIL military standard 
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As an important specification for quality control of military materials, the MIL standard puts 

forward more stringent requirements for the application of tungsten-molybdenum-nickel-iron alloys, 

including: 

• MIL-DTL-46008 – Material specification for high-density tungsten-based alloys. This 

specification  

defines the chemical composition, mechanical properties, heat treatment processes, and test 

methods for tungsten-molybdenum-nickel-iron alloys, ensuring that military alloys meet 

the demands of extreme service environments. 

• MIL-STD-810 - Environmental Engineering Considerations and Laboratory Test Methods  

- Although it does not directly limit the material composition, it provides a test basis for the 

service environment of tungsten-molybdenum-nickel-iron alloys, such as temperature, 

shock, vibration, etc. 

• MIL-STD-461 – Electromagnetic Interference (EMI) Control Requirements  

specifies the electromagnetic compatibility performance of tungsten-molybdenum-nickel-

iron alloy components used in military equipment. 

  

3. Comparison of Standard Core Content 

aspect ASTM standards MIL standard 

Scope of 

application 

Tungsten-based alloy materials for 

civilian and some military use 

Specially designed for military high 

performance tungsten-molybdenum-nickel-

iron alloy 

Chemical 

composition 

control 

Detailed provisions for the content ranges 

of tungsten, molybdenum, nickel and iron 

More stringent, emphasizing ingredient 

purity and stability 

Mechanical 

properties 

Indicators such as tensile strength, 

hardness, and elongation 

Extra focus on fatigue resistance and high 

temperature performance 

Test methods Standardized tensile, hardness, and 

microstructure tests 

Comprehensive simulation test combined 

with service environment 

Quality 

Management 

Standardization of production process and 

final inspection 

Emphasis on process control and service 

performance reliability 

 

IV. Implementation and Certification 

• Supply Chain Quality Assurance  

W-Mo-Ni-Fe alloy manufacturers must establish a comprehensive quality management 

system in accordance with ASTM and MIL standards to ensure product consistency and 

reliability. 

• Testing equipment and laboratory certification  

must be equipped with test equipment that meets the requirements of the standards, and the 

laboratory must pass certification to ensure the accuracy and traceability of the test results. 

• Standard update and technical improvement  

Standard organizations regularly revise relevant specifications to improve the 
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standardization level of tungsten-molybdenum-nickel-iron alloys in combination with 

material technology progress and application needs. 

  

 

V. Development Trends 

• International standards integrate  

ASTM and MIL standards and gradually connect with international standards such as ISO 

to promote the standardization and mutual recognition of the global tungsten-molybdenum-

nickel-iron alloy industry. 

• Performance-oriented standard upgrades  

have shifted from traditional composition and size control to functional performance, 

service life and environmental adaptability. 

• Smart manufacturing and digital quality management  

introduce digital detection technology and big data analysis to achieve real-time quality 

monitoring and predictive maintenance. 

  

VI. Summary 

ASTM and MIL standards provide systematic specifications for the design, production, and 

application of tungsten-molybdenum-nickel-iron alloys, ensuring the safety and stability of the 

materials in critical applications. As technology advances, relevant standards are constantly being 

refined, driving continuous innovation and upgrading in the tungsten-molybdenum-nickel-iron alloy 

industry. 

  

7.3 EU/ISO Standards for Tungsten-Molybdenum-Nickel-Iron Alloy Material Requirements 

 

As a key high-performance material, tungsten-molybdenum-nickel-iron alloys are subject to 

stringent quality and safety standards globally, particularly within EU member states and the 

International Organization for Standardization (ISO). These EU and ISO standards cover not only 

chemical composition and mechanical properties but also environmental protection, material safety, 

and sustainable manufacturing, ensuring the alloy's compliance and competitiveness in the 

international market. 

  

1. EU Tungsten-Molybdenum-Nickel-Iron Alloy Related Standard Framework 

The EU regulates tungsten-molybdenum-nickel-iron alloy materials through multiple regulations 

and standard systems, the core contents of which include: 

• standards,  

developed by the European Union's standardization organization, provide technical 

specifications for the chemical composition, mechanical properties, and dimensional 

tolerances of tungsten-molybdenum-nickel-iron alloys. For example, EN 12502-1 

addresses the quality control of tungsten-based high-density alloys. 

• REACH Regulation (Registration, Evaluation, Authorisation and Restriction of 

Chemicals)  
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REACH Regulation requires manufacturers and suppliers of tungsten-molybdenum-nickel-

iron alloys to register, evaluate and report all chemical substances in their products, control 

hazardous substances and ensure that the materials meet environmental and safety 

requirements. 

• The RoHS Directive (Restriction of Hazardous Substances)  

restricts the use of certain hazardous substances, such as lead, mercury, and cadmium, in 

tungsten-molybdenum-nickel-iron alloys and related electronic products, promoting the 

use of green and environmentally friendly materials. 

• CE Mark Compliance:  

Tungsten-molybdenum-nickel-iron alloy, as a key component material, must comply with 

CE certification standards when used in mechanical equipment and electronic products to 

ensure that the products meet EU safety, health and environmental requirements. 

  

2. Tungsten-Molybdenum-Nickel-Iron Alloy in ISO International Standard System 

ISO, a globally recognized international standardization organization, has published numerous 

standards covering material properties, test methods, and quality management. Key highlights 

include: 

• ISO 9001 - Quality Management System  

W-Mo-Ni-Fe alloy manufacturers need to establish a quality management system that 

complies with ISO 9001 to ensure the standardization of product design, manufacturing 

and service. 

• ISO 4948 – Metal material classification,  

including the classification principles for tungsten and molybdenum alloys, provides an 

internationally harmonized standard for the nomenclature and classification of tungsten-

molybdenum-nickel-iron alloys. 

• ISO 6507 / ISO 6508 – Hardness testing standards  

specify test methods for Vickers hardness and Brinell hardness, and are applicable to the 

hardness performance assessment of tungsten-molybdenum-nickel-iron alloys. 

• ISO 6892 – Tensile test methods  

are used to determine the tensile properties of tungsten-molybdenum-nickel-iron alloys to 

ensure that the material meets the design mechanical specifications. 

• ISO/TR 16266 – Technical report on environmental management of rare metal materials  

focuses on the environmental impact assessment and management of tungsten and its alloys, 

promoting green manufacturing. 

  

3. Comprehensive requirements of EU/ISO standards 

• The composition and performance requirements  

clearly stipulate the content range and impurity limits of tungsten, molybdenum, nickel and 

iron to ensure stable and reliable material performance. 

• Environmental compliance  

emphasizes the restriction and substitution of hazardous substances in materials, complies 

with EU environmental regulations, and supports sustainable development strategies. 
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• Safety and health standards  

target safety precautions during manufacturing and application processes to protect worker 

health and user safety. 

• The testing and certification procedures  

require strict physical and chemical property testing, non-destructive testing and production 

process control to ensure product quality. 

  

IV. Implementation Challenges and Response Strategies 

• Due to the diversity and frequent updates of regulations,  

companies need to continue to pay attention to EU and international regulatory 

developments and adjust their production and management systems in a timely manner. 

• Balancing technical standards and environmental protection requirements  

while ensuring material performance, promotes the development and application of green 

environmental protection technologies. 

• Connect with the international certification system  

and strengthen cooperation with international certification bodies to achieve mutual 

recognition of standards and promote export trade. 

  

V. Future Development Trends 

• Standardization of green tungsten-molybdenum-nickel-iron alloy materials  

strengthens the formulation of standards for environmentally friendly materials and 

promotes low-carbon manufacturing and recycling technologies. 

• Intelligent manufacturing and digital quality management standards  

introduce big data and artificial intelligence technologies to achieve intelligent monitoring 

and optimization of tungsten-molybdenum-nickel-iron alloy production. 

• The integration and coordinated development of global standards  

promote the coordination and consistency of ISO, EN, ASTM and other regional standards, 

and promote the unified standards of the global tungsten-molybdenum-nickel-iron alloy 

industry. 

  

Summary:  

The EU and ISO standards provide comprehensive regulations for the production and application 

of tungsten-molybdenum-nickel-iron alloy materials, covering requirements throughout their entire 

lifecycle, from chemical composition to environmental compliance, from mechanical properties to 

quality management. Enterprises must integrate international regulatory requirements and 

continuously improve their technology and management to promote high-quality, green, and 

sustainable development of the tungsten-molybdenum-nickel-iron alloy industry. 

 

7.4 Environmental regulations and material safety certification (RoHS/REACH) for tungsten-

molybdenum-nickel-iron alloys 

 

With the global emphasis on environmental protection and sustainable development, the production 
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and application of tungsten-molybdenum-nickel-iron alloys, as a key strategic material, must strictly 

adhere to a series of international environmental regulations and material safety certification 

requirements, particularly the EU's RoHS and REACH regulations. These regulations not only 

affect the raw material procurement, production processes, and product design of tungsten-

molybdenum-nickel-iron alloys, but also their international trade and market access. 

  

1. RoHS Directive (Restriction of Hazardous Substances) 

• aims  

to restrict the use of hazardous substances in electrical and electronic equipment, preventing 

harm to the environment and human health caused by lead, mercury, cadmium, and 

polybrominated biphenyls (PBDPs). Tungsten-molybdenum-nickel-iron alloys, a key 

material in industries such as electronics and aviation, must comply with RoHS restrictions. 

• The relevant restricted substances in tungsten-molybdenum-nickel-iron alloy  

focus on the content limits of lead (Pb), cadmium (Cd), mercury (Hg), hexavalent 

chromium (Cr6+), polybrominated biphenyls (PBB) and polybrominated diphenyl ethers 

(PBDE), requiring that the content in products and materials shall not exceed the specified 

limits (usually 0.1% or 0.01%). 

• Compliance Strategy:  

Tungsten-molybdenum-nickel-iron alloy manufacturers must strictly control the 

procurement of raw materials, avoid using raw materials containing restricted substances, 

and establish a comprehensive supply chain tracking and ingredient testing system to 

ensure that their products comply with RoHS requirements. 

• Certification Process and Labeling  

Companies need to verify that their products comply with RoHS through a third-party 

testing agency, obtain a declaration of compliance, and apply relevant labels on their 

products and packaging to meet EU market access requirements. 

  

2. REACH regulations (Registration, Evaluation, Authorization and Restriction of Chemicals) 

• REACH, officially implemented in the EU in 2007, is the most comprehensive and 

stringent chemical management regulation to date. It requires all chemical substances 

produced or imported into the EU market to undergo registration, evaluation, and 

authorization to ensure their safe use . 

 

• Impact on Tungsten-Molybdenum-Nickel-Iron Alloys:  

If the metal elements and alloying additives in Tungsten-Molybdenum-Nickel-Iron Alloys 

are included in the REACH regulatory list, companies must complete the corresponding 

registration and assessment. In particular, when it comes to metal materials in powder form, 

the potential risks to the environment and human health from particle size and surface 

treatment need to be paid special attention. 

• Material Safety Data Sheet (MSDS) requirements:  

Tungsten-molybdenum-nickel-iron alloy products must be equipped with an MSDS that 

complies with REACH requirements, detailing the ingredients, hazard information, safe 
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operation and emergency measures to protect the right to know of users and the supply 

chain. 

• Supply chain responsibility  

manufacturers, importers and downstream users need to work together to ensure 

information transparency and responsibility implementation, and promote green supply 

chain management. 

  

3. Other relevant environmental certifications and regulations 

• RoHS 3 and subsequent updates  

The RoHS directive continues to be updated, adding a list of restricted substances, requiring 

tungsten-molybdenum-nickel-iron alloy companies to maintain dynamic monitoring and 

respond promptly to regulatory changes. 

• International environmental regulations are converging.  

California, South Korea, Japan, China and other places have also introduced regulations 

similar to RoHS/REACH, promoting the internationalization of environmental protection 

standards in the global tungsten-molybdenum-nickel-iron alloy industry. 

• Green Manufacturing and Circular Economy  

Tungsten-molybdenum-nickel-iron alloy enterprises gradually implement green design, 

energy conservation and emission reduction, and material recycling to respond to the global 

sustainable development strategy. 

  

IV. Implementation Challenges and Countermeasures 

• Complex and ever-changing regulations  

require the establishment of a dedicated regulatory compliance team to track regulatory 

developments and adjust product design and supply chain management. 

• Testing and certification costs:  

Strengthen internal testing capabilities, cooperate with certification bodies, reduce 

compliance costs, and improve testing efficiency. 

• Technological innovation drives  

the research and development of alloy formulas and production processes with low 

environmental impact, and promotes harmless manufacturing. 

  

V. Summary 

Environmental regulations and material safety certification have become essential components of 

the tungsten-molybdenum-nickel-iron alloy industry. By fully complying with regulations like 

RoHS and REACH, and improving safety data management and green manufacturing systems, 

tungsten-molybdenum-nickel-iron alloy companies are not only enhancing their market 

competitiveness, but also contributing to global environmental protection and promoting high-

quality, sustainable development of the industry. 
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7.5 Quality System for Tungsten-Molybdenum-Nickel-Iron Alloys in the Aviation, Nuclear, 

and Medical Fields (AS9100 / ISO13485) 

 

As a key strategic material, tungsten-molybdenum-nickel-iron alloys are increasingly used in high-

end fields such as aerospace, nuclear energy, and medical equipment. These fields place extremely 

high demands on material quality, safety, and traceability. Therefore, the implementation of relevant 

quality management systems has become the foundation for ensuring the performance and reliability 

of tungsten-molybdenum-nickel-iron alloy products. 

  

1. Application of AS9100 quality management system in the aerospace field 

• AS9100 Introduction  

AS9100 is a quality management system standard designed specifically for the aerospace 

industry, based on ISO 9001. It strengthens requirements for safety, regulatory compliance, 

risk management, and continuous improvement. 

• Applicability of Tungsten-Molybdenum-Nickel-Iron Alloy:  

Tungsten-Molybdenum-Nickel-Iron alloys are used in key aerospace applications such as 

inertial counterweights, elastic components, and high-temperature structural parts. The 

AS9100 system ensures that material supply meets strict technical specifications and 

manufacturing processes. 

• System requirements 

o Risk Management : Identify and control material performance and supply chain 

risks. 

o Design control : Supports standardized management of alloy formula and process. 

o Process monitoring : Implement quality control throughout the entire process, 

including raw materials, processing, testing and delivery. 

o Supply Chain Management : Ensure supplier quality assurance and compliance 

with industry regulations. 

o Traceability : Achieve full-process tracking of tungsten-molybdenum-nickel-iron 

alloy batches and application components. 

  

II. Quality Management and Safety Standards in the Nuclear Energy Sector 

• Characteristics of the nuclear energy industry:  

The nuclear energy field has extremely high requirements for the radiation stability, high 

temperature performance and safety and reliability of materials. Tungsten-molybdenum-

nickel-iron alloys are mostly used in neutron absorption structures and shielding devices. 

• Applicable standards 

o ISO 19443 : Specific requirements for quality management in the nuclear industry. 

o NQA-1 : The U.S. nuclear quality assurance standard covering design, 

procurement, manufacturing, and inspection. 

o ASME Nuclear Equipment Code : Standardizes the design and manufacture of 

nuclear power equipment and materials. 

• Key points of quality system implementation 
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o Material performance verification : Strictly test radiation stability and corrosion 

resistance. 

o Safety management : ensuring that materials and products comply with nuclear 

safety regulations. 

o Document control and record keeping : meet the long-term traceability and 

auditing needs of the nuclear energy industry. 

  

3. ISO 13485 Quality Management System in the Medical Field 

• Introduction to ISO 13485  

ISO 13485 is a quality management system standard for the medical device industry, 

emphasizing risk management, design control and regulatory compliance to ensure the 

safety and effectiveness of medical materials and devices. 

• The medical applications of tungsten-molybdenum-nickel-iron alloys  

are used in radiotherapy devices, medical shielding materials and high-density structural 

components. The materials must meet biocompatibility and strict quality standards. 

• Core requirements of the quality system 

o Design and development control : Ensure that material formulation and 

performance meet medical device requirements. 

o Risk management and clinical evaluation : Assess material safety and 

application risks. 

o Supply chain and procurement management : ensuring the compliance of raw 

materials and semi-finished products. 

o Verification and validation : Ensure product quality and stable performance 

through strict testing. 

  

4. Integration of cross-industry quality management systems 

• System integration strategy  

Tungsten-molybdenum-nickel-iron alloy companies usually need to meet multiple industry 

standards at the same time. By integrating AS9100, ISO 13485 and nuclear energy industry 

standards, a unified quality management platform can be achieved. 

• Continuous improvement and innovation  

utilize the quality system to promote production process optimization, promote 

technological innovation and enhance material performance. 

• Information management  

introduces information systems such as ERP and MES to realize digital management of 

product data, process control and quality traceability. 

  

5. The role of quality system in promoting the development of tungsten-molybdenum-nickel-

iron alloy industry 

• Enhance product competitiveness.  

Strict quality control and certification enhance market trust and help develop high-end 

application areas. 
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• Ensure safety and compliance  

to meet safety and regulatory requirements in high-risk fields such as aviation, nuclear 

energy, and medical, and reduce usage risks. 

• Promote international trade  

through internationally recognized quality certification, simplify export processes and 

expand global markets. 

  

VI. Summary 

The aviation, nuclear energy, and medical sectors place extremely high standards on the quality 

management of tungsten-molybdenum-nickel-iron alloy materials. AS9100, ISO 13485, and related 

nuclear energy quality standards provide a systematic management framework for the industry. The 

comprehensive implementation and optimization of these quality systems will help drive the 

tungsten-molybdenum-nickel-iron alloy industry toward high quality, standardized, and 

international development. 
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Chapter 8 Specifications for Packaging, Storage, Transportation and Use of Tungsten-

Molybdenum-Nickel-Iron Alloys 

 

8.1 Packaging and transportation protection design of tungsten-molybdenum-nickel-iron 

alloy 

 

As a high-density, high-performance, key strategic material, the packaging and transportation of 

tungsten-molybdenum-nickel-iron alloys are crucial to ensuring product quality, stable performance, 

and safe delivery. Properly designed packaging solutions and transportation protection measures 

can effectively prevent physical damage, environmental impacts, and chemical corrosion, ensuring 

material integrity and performance. 

  

1. Basic requirements for tungsten-molybdenum-nickel-iron alloy packaging 

1. Protective integrity  

packaging should ensure that alloy bars or parts are protected from mechanical shock, 

vibration and compression during handling and transportation, and avoid deformation, 

breakage or surface damage. 

2. molybdenum  

-nickel-iron alloys have excellent chemical stability, they may still oxidize or corrode if 

exposed to moisture or corrosive gases for extended periods. The packaging must be sealed 

or moisture-proof to prevent the intrusion of water vapor and corrosive media. 

3. Reasonable size and stacking  

The packaging plan should be reasonably arranged according to the size, weight and shape 
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of the alloy products to avoid stress concentration or deformation caused by improper 

stacking. 

4. Clear labeling and identification:  

The product model, batch number, weight and hazardous materials information (if 

applicable) should be marked on the outside of the packaging to ensure rapid identification 

and traceability during transportation and storage. 

  

2. Common packaging forms of tungsten-molybdenum-nickel-iron alloy 

1. Wooden box packaging 

o Use reinforced wooden boxes, equipped with shock-absorbing materials (such as 

foam, EPE sponge) inside to protect the product surface. 

o Suitable for medium and large size alloy bars and finished products, easy for 

mechanical handling. 

2. Metal trays and racks 

o For large quantities or large-sized products, use pallets with straps or anti-slip mats 

to ensure transportation stability. 

3. Plastic film and vacuum packaging 

o High-purity or easily oxidized products are packaged in vacuum or nitrogen-filled 

packaging to significantly extend their storage life. 

o Plastic film packaging combined with desiccant effectively prevents moisture 

intrusion. 

4. Composite packaging solutions 

o For high-end products, a multi-layer protection system combining an inner lining 

buffer layer, a vacuum sealing bag and an outer box is used to enhance 

comprehensive protection performance. 

  

3. Key points of transportation protection design 

1. Anti-vibration and shock-resistant design 

o Use cushioning materials (foam, rubber pads, air cushions, etc.) to reduce the 

impact of transportation vibration on the alloy structure. 

o Design impact-resistant fixtures to prevent objects from moving and causing 

collisions. 

2. Environmental adaptability design 

o According to the transportation route and climatic conditions, choose packaging 

materials that are waterproof, moisture-proof and salt spray-proof. 

o Install dehumidifiers inside shipping containers to control humidity. 

3. Dangerous Goods Transportation Compliance 

o Tungsten-molybdenum-nickel-iron alloy powder may be classified as dangerous 

goods at certain particle sizes and states, and must be declared and protected in 

accordance with international transportation regulations (such as IATA and IMDG). 

o The packaging must meet fire-proof, explosion-proof and leakage-proof standards. 
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4. Packaging quality control and inspection 

• The quality of packaging materials  

should be regularly inspected for their pressure resistance, corrosion resistance and sealing 

properties to ensure that they meet transportation requirements. 

• Supervision of the packaging process:  

Formulate standard operating procedures for packaging, strictly monitor packaging quality, 

and prevent human operational errors. 

• Factory Inspection  

After the packaging is completed, an appearance inspection and a sealing test should be 

carried out to ensure that the packaging is intact. 

  

5. Case Study: Tungsten-Molybdenum-Nickel-Iron Alloy Export Packaging Design 

• A tungsten-molybdenum-nickel-iron alloy manufacturer adopts a multi-layer protective 

packaging solution to meet the needs of high-end overseas customers. 

• The products are first packaged in moisture-proof vacuum bags, then placed in foam-lined 

cushioning boxes, and finally placed in reinforced wooden boxes with shock-proof straps 

and clear labels on the outside. 

• After long-distance sea and land transportation tests, the products have no surface damage 

and performance changes, and customer satisfaction is high. 

  

VI. Conclusion:  

Scientifically sound packaging and transportation protection design not only ensures the quality and 

performance of tungsten-molybdenum-nickel-iron alloy products, but also effectively enhances 

customer satisfaction and market competitiveness. In the future, with the trend toward more 

diversified and high-end materials, packaging technology will also develop towards intelligent and 

environmentally friendly methods, providing strong support for the sustainable development of the 

tungsten-molybdenum-nickel-iron alloy industry. 

 

8.2 Storage Conditions and Anti-corrosion Requirements for Tungsten-Molybdenum-Nickel-

Iron Alloy 

 

Due to its high density, high performance, and complex composition, tungsten-molybdenum-nickel-

iron alloys require strict environmental control during storage to protect their physical properties 

and chemical stability. Proper storage conditions and scientific corrosion prevention measures are 

crucial for ensuring alloy quality and extending product life. 

  

1. Basic requirements for storage environment 

1. Temperature control 

o The storage environment should maintain a constant and suitable temperature, 

usually between 5°C and 35°C, to avoid drastic temperature fluctuations that may 

cause changes in the internal stress of the alloy. 
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o Avoid high temperature environments to prevent adverse changes in the alloy's 

internal composition or microstructure. 

2. Humidity control 

o Relative humidity should be controlled between 40% and 60% to prevent surface 

oxidation and corrosion caused by excessive humidity. 

o Use desiccant or dehumidification equipment to keep the environment dry and 

prevent condensation. 

3. Cleanliness and ventilation 

o The storage area should be kept clean and free of dust, oil and corrosive gases. 

o Good air circulation helps reduce moisture buildup and the risk of corrosion. 

  

2. Anti-corrosion measures and technical means 

1. Surface protection treatment 

o The surface of tungsten-molybdenum-nickel-iron alloy is passivated to form a 

stable oxide film to enhance corrosion resistance. 

o Cover the surface with a protective coating, such as rust-inhibiting oil, industrial 

wax, or special anti-corrosion paint, to block out moisture and oxygen. 

2. Packaging anti-corrosion design 

o Use moisture-proof sealed packaging, such as vacuum packaging or nitrogen-filled 

packaging, to reduce contact with outside air. 

o Add desiccant or preservative to the packaging to absorb moisture and inhibit 

corrosion reactions. 

3. Regular maintenance and inspection 

o Check the surface of stored alloys regularly and deal with any signs of rust or 

oxidation promptly. 

o Adjust anti-corrosion measures according to environmental conditions to ensure 

long-term protection. 

  

3. Storage containers and stacking specifications 

1. Container material selection 

o Stainless steel, plastic or anti-corrosion treated metal containers are preferred to 

avoid corrosion of the container itself affecting the alloy. 

o The inside of the container should be smooth and free of sharp edges to prevent 

scratching the alloy surface. 

2. Stacking method 

o Stack properly to avoid deformation or surface damage caused by excessive 

pressure. 

o Use an isolating mat or tray to prevent the alloy from coming into direct contact 

with the ground or metal surfaces. 

3. Identification and partition management 

o Clearly mark alloy specifications, batches and storage dates for easy management 

and use. 
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o Alloys of different types and states are stored in separate areas to prevent confusion 

and cross contamination. 

  

4. Storage recommendations for special environments 

1. humid areas 

o Add moisture-proof facilities, such as air-conditioning dehumidifiers or closed 

warehouses. 

o A sealing ring is installed on the packaging to ensure the packaging is waterproof. 

2. Seaside and salt spray environment 

o Strengthened anti-corrosion coating, using a multi-layer protection system. 

o Shorten storage time and give priority to shipment and use. 

3. Long-term storage 

o Adopt more stringent environmental monitoring and periodic maintenance 

measures. 

o Pre-coated with preservatives and stored in a constant temperature and humidity 

facility. 

  

5. Effect of Storage on the Properties of Tungsten-Molybdenum-Nickel-Iron Alloy 

• Improper storage can easily lead to surface oxidation, corrosion and even microstructural 

changes, affecting mechanical properties and service life. 

• A good storage environment can effectively maintain the physical and chemical properties 

of the material and ensure the stability of subsequent processing and application. 

  

VI. Summary 

The storage management of tungsten-molybdenum-nickel-iron alloys requires multiple approaches, 

including environmental control, corrosion protection, packaging design, and maintenance testing. 

Scientific storage conditions and strict corrosion prevention measures can maximize the 

preservation of the alloy's original properties, minimize storage risks, and provide a solid foundation 

for the material's efficient application. 

 

8.3 Domestic and International Transportation Specifications and Declaration Guidelines for 

Tungsten-Molybdenum-Nickel-Iron Alloys 

 

As an important, high-performance strategic material, tungsten-molybdenum-nickel-iron alloys are 

subject to strict domestic and international transportation regulations and declaration requirements 

due to their unique physical and chemical properties and potential transportation risks. Proper 

compliance with relevant regulations not only ensures transportation safety but also meets 

international trade compliance requirements, avoiding legal risks and financial losses. 

  

1. Transportation Classification and Risk Assessment of Tungsten-Molybdenum-Nickel-Iron 

Alloy 

1. Transport Classification 
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o Tungsten-molybdenum-nickel-iron alloys are available in the form of ingots, bars, 

or powder. Ingots and bars are generally considered general industrial products, 

while powdered tungsten-molybdenum-nickel-iron alloys may be classified as 

hazardous materials and require special transportation permits. 

o The hazards of powder form mainly lie in flammability, explosiveness and dust 

explosion risks, which need to be assessed according to international dangerous 

goods classification standards. 

2. risk assessment 

o Assess possible physical damage, chemical reactions and safety hazards based on 

product form, packaging and transportation methods. 

o Take appropriate safety protection measures and transportation conditions based 

on the risk level. 

  

2. Domestic Transportation Regulations 

1. Road transport 

o Comply with the "Regulations on the Safety Management of Hazardous 

Chemicals" and the "Regulations on the Management of Dangerous Goods in Road 

Transport". 

o For tungsten-molybdenum-nickel-iron alloy in powder form, a dangerous goods 

transportation permit is required, and compliant vehicles and packaging must be 

used. 

o Strictly implement vehicle load limits, transportation routes and safety operating 

procedures. 

2. Railway transportation 

o In compliance with the "Railway Dangerous Goods Transport Regulations", 

powder form requires dangerous goods declaration and special packaging. 

o Strengthen safety management of loading and unloading operations to prevent dust 

leakage and environmental pollution. 

3. Water transport 

o Comply with the "Regulations on the Transportation of Dangerous Goods by 

Water" and ensure that packaging and transportation conditions meet fire 

prevention, explosion prevention and leakage prevention requirements. 

o Ensure cargo reinforcement and humidity control to avoid seawater erosion and 

moisture-induced corrosion. 

4. Air transport 

o Complete the declaration procedures in accordance with the "Civil Aviation 

Dangerous Goods Transport Management Measures". 

o Tungsten-molybdenum-nickel-iron alloy powder must undergo strict packaging 

inspection to ensure that it does not pose a flight safety hazard. 

  

3. International Transport Regulations 

1. United Nations Model Regulations for the transport of dangerous goods 
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o Steel and solid alloy ingots are generally not classified as dangerous goods, but are 

still subject to customs and import and export regulations. 

2. International Maritime Dangerous Goods Code (IMDG Code) 

o Tungsten-molybdenum-nickel-iron alloy dangerous goods suitable for maritime 

transport, with regulations on packaging, labeling, ventilation and emergency 

measures. 

o Powder transportation requires strict control of packaging integrity and dust 

prevention measures. 

3. International Air Transport Association (IATA) Dangerous Goods Regulations 

o Tungsten-molybdenum-nickel-iron alloy powder must be classified, declared and 

packaged in accordance with the Dangerous Goods Regulations. 

o Comply with restrictions and embargoes to ensure flight safety. 

4. International Land Transport Agreement 

o Apply European ADR, road transport agreements, etc. to ensure the safety and 

compliance of cross-border road transport. 

o Cargo labeling and shipping documents must comply with local regulations. 

  

IV. Application and Document Preparation 

1. Dangerous Goods Declaration 

o When transporting tungsten-molybdenum-nickel-iron alloy powder, a dangerous 

goods declaration form must be completed in full, stating the nature of the 

substance, risk level and safety measures. 

o Provide MSDS (Material Safety Data Sheet) and compliant packaging certificate. 

2. customs declaration 

o Prepare detailed commercial invoice, packing list, certificate of origin and other 

documents. 

o Verify policies such as import and export restrictions, quotas, and licenses to 

ensure compliance. 

3. Transportation Insurance 

o It is recommended to purchase cargo transportation insurance to cover the risks of 

damage, loss and delay during transportation. 

  

V. Packaging Labels and Safety Measures 

1. Packaging labeling 

o Clear dangerous goods signs and transportation labels must be posted. 

o The labeling content should include the product name, hazard category, handling 

precautions and emergency contact number. 

2. Safety operating procedures 

o Safety operating procedures should be strictly followed during transportation, 

loading and unloading, and storage. 

o Equipped with necessary fire-fighting and leakage emergency equipment and 

personnel training. 
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6. Case Analysis 

• A tungsten-molybdenum-nickel-iron alloy powder exporter has developed detailed 

packaging and declaration procedures for the European market to ensure compliance with 

IMDG and ADR regulations. 

• Through strict packaging inspection, risk assessment and document preparation, we 

achieved zero-accident transportation and enhanced customer trust. 

  

VII. Summary 

The transportation management of tungsten-molybdenum-nickel-iron alloys involves multiple 

regulations and standards, particularly the hazardous nature of powdered products, which warrants 

special attention. Systematically adhering to domestic and international transportation regulations 

and declaration guidelines to ensure safe, efficient, and compliant logistics and transportation is 

crucial for the stable development of the tungsten-molybdenum-nickel-iron alloy industry chain. 

  

8.4 Precautions and maintenance plans for tungsten-molybdenum-nickel-iron alloy during use 

 

Tungsten-molybdenum-nickel-iron alloy, a high-performance composite material, is widely used in 

aerospace, military, nuclear energy, and medical applications. To ensure stable material performance 

and extend its service life, strict adherence to relevant precautions and the implementation of a 

scientific and effective maintenance plan are essential. 

  

1. Precautions during use 

1. Avoid mechanical shock and overload 

o Although tungsten-molybdenum-nickel-iron alloy has high strength and hardness, 

it may crack or deform when subjected to impact loads beyond the design range. 

o Avoid severe mechanical shocks such as falling and collision during use, and be 

especially careful during assembly and transportation. 

2. Control working environment temperature 

o The thermal expansion coefficient and thermal stability of an alloy determine its 

performance in high temperature environments. 

o The operating temperature should be controlled according to the high temperature 

resistance limit of the material to avoid microstructural changes or performance 

degradation caused by high temperature environment. 

3. Prevent chemical corrosion 

o Although tungsten-molybdenum-nickel-iron alloy has a certain corrosion 

resistance, long-term exposure to corrosive media such as acid, alkali, and salt 

spray will lead to surface oxidation and performance degradation. 

o The alloy should be kept away from direct contact with corrosive chemicals and 

anti-corrosion coating or protective measures should be used if necessary. 

4. Prevent electromagnetic interference 
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o Some tungsten-molybdenum-nickel-iron alloys have certain magnetic response 

characteristics. When using them, care should be taken to avoid the influence of 

strong electromagnetic fields to prevent abnormal performance. 

5. Regular inspection and monitoring 

o Establish a regular performance inspection plan, focusing on monitoring the 

mechanical properties, surface condition and microstructural changes of the alloy. 

o For important structural parts, non-destructive testing technology should be used 

to promptly detect potential cracks or defects. 

  

2. Maintenance and care plan 

1. Cleaning and surface protection 

o Clean the alloy surface regularly with a soft, non-corrosive detergent to prevent 

the accumulation of stains and corrosive substances. 

o Apply protective grease or film to exposed surfaces to reduce the risk of oxidation 

and corrosion. 

2. Environmental control maintenance 

o Maintain stable temperature and humidity in the alloy's operating environment to 

prevent fluctuations in material properties caused by environmental changes. 

o In humid or corrosive environments, dehumidification equipment and protective 

covers are recommended. 

3. Mechanical damage repair 

o For minor scratches and surface defects, mechanical polishing or local repair 

coating can be used. 

o Severely damaged parts should be replaced promptly to prevent cracks from 

expanding and causing structural failure. 

4. Regular performance testing 

o Based on the usage cycle, hardness testing, tensile performance testing and 

microstructure analysis are carried out to evaluate the health status of the material. 

o For key equipment and structural parts, non-destructive testing methods such as 

ultrasound and X-rays are used to ensure safety. 

5. Records and tracking management 

o Establish maintenance files and record maintenance time, test results and repair 

measures in detail. 

o Data analysis guides subsequent maintenance plans and performance optimization. 

  

3. Maintenance points for special application environments 

1. High temperature environment 

o Regularly check the high-temperature oxidation of materials and remove the oxide 

layer and thermal damage in a timely manner. 

o Appropriately increase the heat treatment cycle to restore the alloy properties. 

2. nuclear radiation environment 
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o Monitor the effects of radiation on material structure and properties and adopt 

radiation protection measures. 

o Pay attention to radiation safety regulations during maintenance to avoid cross 

contamination. 

3. Mechanical vibration environment 

o Strengthen the fastening and shock absorption design of connecting parts to 

prevent fatigue cracks. 

o Regularly check vibration fatigue to prevent failures in advance. 

  

IV. Summary 

Tungsten-molybdenum-nickel-iron alloys require maintenance throughout their entire lifecycle. 

Proper precautions and maintenance plans can significantly improve the material's reliability and 

service life. By combining scientific management with technical expertise, we ensure that tungsten-

molybdenum-nickel-iron alloys deliver optimal performance in a variety of applications, meeting 

demanding engineering requirements. 

 

8.5 Reuse and Recycling Technology Paths for Tungsten-Molybdenum-Nickel-Iron Alloys 

 

With resource scarcity and increasing environmental protection requirements, the reuse and 

recycling of tungsten-molybdenum-nickel-iron alloys has become an important way to achieve 

sustainable material development, reduce production costs, and alleviate environmental burdens. 

This section systematically introduces the recycling technology paths, reuse methods, and current 

industrial applications of tungsten-molybdenum-nickel-iron alloys. 

  

1. Sources and classification of tungsten-molybdenum-nickel-iron alloy scrap 

1. Waste sources 

o Scraps, defective products and scrapped alloy products generated during the 

production process. 

o Tungsten-molybdenum-nickel-iron alloy components and structures at the end of 

their service life. 

o Solid particles containing tungsten-molybdenum-nickel-iron alloy in processing 

waste slag, grinding powder and cutting fluid. 

2. Waste sorting 

o Solid alloy scrap: blocks, rods and structural parts, etc. 

o Powder waste: residual powder from processing and grinding. 

o Composite material scrap: composite structure containing tungsten, molybdenum, 

nickel and iron alloy components. 

  

2. Overview of Recycling Technology Paths 

1. Physical recycling method 
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o The solid waste recycling of tungsten-molybdenum-nickel-iron alloy is mainly 

achieved through mechanical sorting, crushing, screening, magnetic separation 

and other processes. 

o The advantages are simple process, low energy consumption, and suitability for 

recycling relatively pure physical waste. 

o The disadvantage is that impurities cannot be completely removed and the 

recovery purity is limited. 

2. Chemical recovery 

o It includes processes such as acid leaching, alkaline leaching, solvent extraction 

and precipitation, and is suitable for the recovery of tungsten and molybdenum 

elements from powder waste and composite waste. 

o High-purity tungsten and molybdenum concentrates are recovered through 

dissolution and separation. 

o The technology is complex and requires comprehensive environmental protection 

facilities to prevent secondary pollution. 

3. Metallurgical recovery method 

o The waste alloy is reduced through high-temperature smelting to achieve alloy 

reproduction of tungsten, molybdenum, nickel and iron. 

o Commonly used equipment include electric arc furnaces, induction furnaces, etc. 

o It is suitable for high-purity waste and large-scale recycling, with high recovery 

rate and good alloy performance. 

4. Additive Manufacturing Waste Recycling 

o The powder residue generated during the additive manufacturing process is 

recycled through screening, heat treatment and remixing. 

o Effectively reduce production costs and ensure stable material performance. 

  

3. Reuse methods and application areas 

1. Remanufacturing process application 

o The waste is recycled and powdered, which is then formed by powder metallurgy 

to produce new tungsten-molybdenum-nickel-iron alloy materials. 

o Used to manufacture military projectile cores, high-performance structural parts 

and nuclear shielding components. 

2. Material modification and performance improvement 

o Nanoparticles or other alloying elements are added to recycled materials to 

optimize performance. 

o Develop functionally gradient materials and expand their application areas. 

3. Environmental protection and circular economy 

o By recycling, we can reduce the pressure on tungsten and molybdenum resource 

mining and achieve green manufacturing. 

o Support the sustainable development of the tungsten-molybdenum-nickel-iron 

alloy industry chain and promote the construction of a circular economy. 
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4. Recycling Technology Challenges and Future Development Directions 

1. Impurity control problem 

o Impurities and harmful elements mixed in waste materials have a significant 

impact on the quality of recycled materials, and efficient separation technology 

needs to be developed. 

2. Environmental regulations and technology upgrades 

o Strict environmental regulations require pollution control in the recycling process 

and promote the development of green recycling technology. 

3. Recycling cost and benefit balance 

o The technical cost is high, and the process needs to be optimized to maximize 

economic benefits. 

4. Recycling industry chain collaboration 

o Promote resource sharing and collaboration among enterprises and build a 

complete tungsten-molybdenum-nickel-iron alloy recycling and utilization system. 

  

5. Typical recycling process cases 

• A large tungsten-molybdenum-nickel-iron alloy manufacturer uses the smelting reduction 

method to recycle waste, achieving an annual recovery rate of over 85%. 

• By using chemical leaching combined with solvent extraction technology, tungsten and 

molybdenum elements were successfully extracted, improving the efficiency of waste 

powder recycling. 

  

VI. Summary 

The reuse and recycling of tungsten-molybdenum-nickel-iron alloys is a key component of resource 

recycling and environmental protection. With technological advancements and growing industry 

demand, recycling processes are continuously optimized, leading to improvements in recovery rates 

and material properties. In the future, tungsten-molybdenum-nickel-iron alloy recycling will 

develop in a green, intelligent, and efficient manner, helping the materials industry achieve its 

sustainable development goals. 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

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

production with 30 years of experience. 

 

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

mature technology. 

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

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

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

performance. 

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

100,000+ customers 

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

sports and entertainment and other fields. 

Service commitment 

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

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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Chapter 9 Market Structure and Development Trend of Tungsten-Molybdenum-Nickel-Iron 

Alloy 

 

9.1 Global Tungsten and Molybdenum Resource Distribution and Alloy Industry Chain 

Analysis 

 

As a high-performance strategic metal material, tungsten-molybdenum-nickel-iron (Tungsten-

Molybdenum-Ni-Iron) is widely used in aerospace, military, nuclear energy, electronics, and high-

end manufacturing. Its development is deeply influenced by the global distribution of tungsten and 

molybdenum resources and the structure of the supply chain. This section focuses on the 

geographical distribution and current reserves of global tungsten and molybdenum resources, and 

their impact on the Tungsten-Molybdenum-Ni-Iron (Tungsten-Molybdenum-Ni-Iron) industry 

chain. 

  

1. Current distribution of global tungsten resources 

1. Major mineral producing countries 

o China : The world's largest tungsten resource reserver and producer, accounting 

for over 60% of global reserves and ranking first in production. China's tungsten 

mines are primarily located in provinces such as Jiangxi, Hunan, Fujian, Yunnan, 

and Guangdong. 

o Russia : It has rich tungsten ore resources, mainly concentrated in the Far East and 

Siberia, and is an important tungsten ore exporter. 

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 121 页 共 152 页 

o Canada : Tungsten resources are relatively abundant, mainly distributed in 

Quebec and British Columbia. 

o Other countries : Austria, Portugal, Vietnam, the United States and other 

countries also mine tungsten, but the output is relatively small. 

2. Resource reserves and mining status 

o Global tungsten resources are highly concentrated, resource distribution is uneven, 

and market supply is highly dependent on major production areas. 

o Mining costs, environmental protection policies and mining technology levels 

directly affect the effective supply of tungsten resources. 

  

2. Current distribution of global molybdenum resources 

1. Major mineral producing countries 

o China : Molybdenum resources are abundant, mainly distributed in Sichuan, Inner 

Mongolia, Gansu, Qinghai and other places, and its molybdenum ore production 

ranks among the top in the world. 

o United States : It is the world's largest molybdenum producer, with major mining 

areas located in Colorado and New Mexico. 

o Chile : An important molybdenum producing country in South America, where 

most of the molybdenum exists in the form of copper-molybdenum associated ores. 

o Molybdenum mining is also carried out in countries such as Canada, Peru, and 

Mexico . 

2. Resource Features 

o Molybdenum ores are often associated with copper ores, and resource 

development is greatly affected by the copper market. 

o The recovery rate and processing efficiency of molybdenum affect its supply 

stability. 

  

3. Tungsten-Molybdenum-Nickel-Iron Alloy Industry Chain Structure 

1. Upstream raw material supply 

o Tungsten-molybdenum ore mining and concentrate processing are the foundation 

of the tungsten-molybdenum-nickel-iron alloy industry. 

o The quality and purity of raw materials directly affect alloy properties and 

production costs. 

2. Midstream alloy preparation 

o Tungsten and molybdenum powder preparation, batching, powder metallurgy 

forming, sintering and post-processing to form alloy bars, plates, etc. 

o The technical level determines the product quality and performance, and directly 

affects the competitiveness of downstream application fields. 

3. Downstream application market 

o The main demand sides are aerospace, military industry, nuclear energy, medical 

equipment and electronic information industries. 
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o The diverse application areas and complex demand characteristics drive the 

continuous upgrading of alloy materials. 

4. Recycling and reuse 

o The recycling of waste tungsten-molybdenum-nickel-iron alloy materials forms a 

closed-loop industrial chain and reduces resource consumption. 

  

4. Current status of global tungsten-molybdenum-nickel-iron alloy market 

1. Market size and structure 

o In recent years, the global tungsten-molybdenum-nickel-iron alloy market has 

grown steadily, benefiting from the development of high-end manufacturing and 

strategic emerging industries. 

o China occupies a dominant position in the global market and has a complete raw 

material supply and manufacturing system. 

o Developed countries such as Europe, the United States, Japan, and South Korea 

focus on the research and development and application of high-performance alloys. 

2. Supply chain characteristics 

o It is highly concentrated, with key links relying on a few leading enterprises. 

o Prices fluctuate greatly and are significantly affected by raw material prices, trade 

policies and market demand. 

  

5. Challenges and opportunities facing the industry chain 

1. challenge 

o Supply risks arising from the geographical concentration of resources. 

o Environmental regulations are becoming increasingly stringent, and mining and 

processing costs are rising. 

o International trade frictions may affect the circulation of raw materials and alloy 

products. 

2. opportunity 

o Technological innovation promotes the improvement of alloy performance and the 

expansion of its applications. 

o Advances in recycling technology promote resource circulation and green 

manufacturing. 

o The demand for high-performance tungsten-molybdenum-nickel-iron alloys in 

strategic emerging industries continues to grow. 

  

VI. Summary 

The global distribution of tungsten and molybdenum resources profoundly impacts the stability and 

development potential of the tungsten-molybdenum-nickel-iron alloy industry chain. Leveraging its 

abundant resources and technological advantages, China holds a key position in the global tungsten-

molybdenum-nickel-iron alloy market. In the future, facing resource, environmental, and market 

challenges, promoting technological innovation and industry chain collaboration will become the 

core drivers of the industry's sustained and healthy development. 
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9.2 Market Demand Status and Growth Forecast for Tungsten-Molybdenum-Nickel-Iron 

Alloy 

 

As a key high-performance strategic material, tungsten-molybdenum-nickel-iron alloy continues to 

see growing demand across multiple industrial sectors due to its superior density, strength, high-

temperature resistance, and radiation resistance. This section will analyze the current global and 

regional market demand for tungsten-molybdenum-nickel-iron alloy and, based on industry trends 

and technological developments, forecast future market growth. 

  

1. Current market demand 

1. Industry application driver 

o Aerospace : Tungsten-molybdenum-nickel-iron alloys are widely used in aircraft 

counterweights, inertial navigation devices, and thermal protection materials due 

to their high density and strength. Demand is steadily growing as investment in the 

research and development of new-generation spacecraft and aircraft engines 

increases. 

o Military industry : Demand for high-performance tungsten-molybdenum-nickel-

iron alloys remains high for armor-piercing projectile cores, missile inertial 

components, and protective armor. Military equipment modernization and 

increased national defense efforts are driving continued expansion in this sector. 

o Nuclear energy industry : Used in key components such as neutron absorption 

rods and radiation shielding materials, these materials require extremely high 

stability and radiation resistance. The development of nuclear energy and 

advancements in nuclear waste treatment technologies are driving market demand. 

o Electronics and Precision Instruments : Tungsten-molybdenum-nickel-iron 

alloys play an important role in the heat dissipation and shielding structures of 

high-precision electronic equipment and instruments. The rapid development of 

the information technology industry is driving the growth of alloy demand. 

o Medical equipment : Protective shielding and high-density structural components 

in radiotherapy equipment require materials with good biocompatibility and 

mechanical properties. The application of tungsten-molybdenum-nickel-iron 

alloys is constantly expanding. 

2. Regional market characteristics 

o Chinese Market : As the world's largest supplier of tungsten and molybdenum 

resources and a production base for alloy products, China's market demand 

continues to grow, especially in the aerospace, military, and nuclear energy sectors. 

Government policy support and accelerated industrial upgrading are driving the 

expansion of domestic demand. 

o European and American markets : focus on the technological research and 

development and high-end applications of high-performance alloys, with demand 
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mainly for high value-added and customized products, and the market size is 

growing steadily. 

o Japan, South Korea and other Asian countries : They rely on imported 

resources and attach importance to the technological improvement and innovative 

application of tungsten-molybdenum-nickel-iron alloys, with significant market 

potential. 

  

2. Market Growth Drivers 

1. Emerging technology drive 

o The development of new technologies such as intelligent manufacturing and 

additive manufacturing has improved the preparation efficiency and product 

performance of tungsten-molybdenum-nickel-iron alloys and broadened their 

application scope. 

2. Increased spending on defense and aerospace 

o The increase in defense budgets and aerospace projects in various countries has 

directly driven the demand for high-performance tungsten-molybdenum-nickel-

iron alloys. 

3. Nuclear Energy Development Strategy 

o The global share of nuclear power generation is gradually increasing, and nuclear 

energy safety and environmental protection requirements are increasing, which 

promotes the market expansion of related alloy materials. 

4. Environmental regulations and resource recycling 

o The promotion of green manufacturing and resource recycling technologies will 

promote the optimization of the tungsten-molybdenum-nickel-iron alloy industry 

chain and improve material utilization efficiency. 

  

3. Market Growth Forecast 

1. Global market size forecast 

o It is expected that in the next five years, the global tungsten-molybdenum-nickel-

iron alloy market will maintain an annual compound growth rate of approximately 

5% to 7%. 

o Emerging application areas and high-end market demand will become the main 

growth points. 

2. Regional growth trends 

o China : Market demand is growing at the fastest rate, with an annual growth rate 

expected to reach 7%-9%. 

o Europe and the United States : Steady growth, with a focus on transitioning to 

high-performance alloys and customized products. 

o Other Asian countries : Driven by industrialization and technological upgrading, 

market potential is gradually being released. 

3. Technological innovation drives market upgrade 
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o Nanostructured alloys, multifunctional composite materials and intelligent 

manufacturing technologies will drive the performance improvement of tungsten-

molybdenum-nickel-iron alloy products and promote the transformation of market 

structure towards high added value. 

  

IV. Challenges and Risks 

1. Raw material price fluctuations 

o The instability of tungsten and molybdenum resource prices may have an impact 

on the industrial chain and increase manufacturing costs. 

2. International trade and policy risks 

o Trade frictions, tariff policies and environmental protection standards may affect 

the cross-border circulation and market competitiveness of alloy products. 

3. Competition from alternative materials 

o The development of new lightweight and high-strength materials poses a potential 

threat to the traditional tungsten-molybdenum-nickel-iron alloy market. 

  

V. Summary 

As a key strategic material, market demand for tungsten-molybdenum-nickel-iron alloys is 

diversifying and steadily growing. Industrial innovation and application expansion will be the 

primary drivers of future market development. Faced with resource and policy challenges, all links 

in the industry chain must collaborate to improve technological capabilities and resource efficiency 

to achieve steady growth and sustainable development in the tungsten-molybdenum-nickel-iron 

alloy market. 

 

9.3 Introduction to CTIA GROUP's Tungsten-Molybdenum-Nickel-Iron Alloy 

 

As a leading company in the tungsten-molybdenum-nickel-iron alloy field in China and globally, 

CTIA GROUP (CITIM) has become a benchmark in the industry with its strong technical R&D 

capabilities, comprehensive industrial chain layout, and high-quality products. This section focuses 

on CTIA GROUP's development history, technological advantages, product portfolio, and market 

performance in the tungsten-molybdenum-nickel-iron alloy field. 

  

1. Enterprise Development History and Strategic Positioning 

1. Founding Background and Development:  

Leveraging China's abundant tungsten and molybdenum resources, Tungsten Intelligent 

Manufacturing has gradually established a complete supply chain encompassing raw 

material procurement, powder preparation, alloy manufacturing, and further processing. 

The company is dedicated to the research, development, and manufacturing of tungsten-

molybdenum-nickel-iron alloy materials to meet the needs of aerospace, military, nuclear 

energy, and high-end manufacturing. 

2. Strategic Positioning 
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o Focus on high-performance tungsten-molybdenum-nickel-iron alloy products and 

promote material technology innovation. 

o Create a green manufacturing and circular economy model to improve resource 

utilization efficiency. 

o Actively expand international markets and enhance global competitiveness and 

brand influence. 

  

2. Core Technology and R&D Capabilities 

1. Advanced Powder Metallurgy Technology China  

Tungsten Intelligent Manufacturing possesses a number of powder preparation and 

metallurgical processes with independent intellectual property rights. It is able to precisely 

control the tungsten and molybdenum content and the distribution of alloying elements, 

thus achieving the production of high-density and highly uniform alloy materials. 

2. Microstructure control and performance optimization  

use technical means such as nanoparticle reinforcement and microalloying design to 

improve the toughness and high-temperature resistance of tungsten-molybdenum-nickel-

iron alloys to meet the stringent requirements of different application environments. 

3. Intelligent manufacturing and quality control  

introduce digital production management systems to achieve real-time monitoring of 

process parameters and data analysis, ensuring the stability and consistency of product 

quality. 

  

3. Main product system 

1. Tungsten-molybdenum-nickel-iron high-density alloy rods  

are suitable for high-end fields such as aerospace inertial counterweights and nuclear 

radiation shielding. 

2. Tungsten-molybdenum-nickel-iron alloy plates  

are widely used in high temperature protection, mechanical wear resistance and electronic 

heat dissipation structures. 

3. Customized alloy materials  

develop diversified alloy ratios and special functional materials according to customer 

needs, such as high temperature resistant, radiation resistant, thermal and electrical 

conductive alloys. 

  

IV. Market Performance and Partners 

1. Domestic Market Position:  

CTIA GROUP holds a leading share in the domestic tungsten-molybdenum-nickel-iron 

alloy market, with a stable supply chain and comprehensive technical services, and has 

been recognized by several major national projects and military units. 

2. International Market Expansion  

We actively plan overseas markets, establish strategic partnerships with well-known 
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companies and scientific research institutions in Europe, America, Japan, South Korea and 

other countries, and promote technology exchanges and product exports. 

3. The customer service system  

provides one-stop services from technical consultation, sample development to mass 

production to ensure that the diverse needs of customers are met. 

  

V. Future Development Plan 

1. Driven by technological innovation  

, we continue to increase R&D investment to overcome key technical difficulties in high-

performance tungsten-molybdenum-nickel-iron alloy materials and increase product added 

value. 

2. Green manufacturing and sustainable development  

promote the upgrading of environmental protection processes and the recycling of 

resources, practice the concept of green manufacturing, and promote the sustainable 

development of the industrial chain. 

3. The globalization strategy is deepened  

to expand international market share, enhance the brand's international influence, and build 

an image as a leader in the global tungsten-molybdenum-nickel-iron alloy industry. 

  

VI. Summary 

As a leading company in the tungsten-molybdenum-nickel-iron alloy field, Chinatungsten 

Intelligent Manufacturing, with its extensive technical expertise and comprehensive industrial chain 

layout, continues to lead the industry's technological advancement and market development. Going 

forward, Chinatungsten Intelligent Manufacturing will continue to uphold the principles of 

innovation-driven and green development, pushing the tungsten-molybdenum-nickel-iron alloy 

industry to a higher level and maximizing the value of the industrial chain. 

 

9.4 Analysis of Raw Material Price Fluctuations and Cost Structure of Tungsten-

Molybdenum-Nickel-Iron Alloy 

 

As a high-performance strategic material, the manufacturing cost and market price of tungsten-

molybdenum-nickel-iron alloy are significantly impacted by raw material price fluctuations. In-

depth analysis of the price dynamics of key raw materials such as tungsten, molybdenum, nickel, 

and iron, and their contribution to overall production costs, is crucial for rationally controlling 

production costs and formulating market strategies. This section systematically analyzes the price 

and cost of tungsten-molybdenum-nickel-iron alloy from the perspectives of the current raw 

material market, price fluctuation factors, cost structure, and risk management. 

  

1. Market status and price trends of key raw materials 

1. Tungsten raw materials 
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o Tungsten is the most core element in tungsten-molybdenum-nickel-iron alloy. 

Global tungsten resources are concentrated in a few countries such as China and 

Russia. 

o In recent years, due to resource scarcity, tightening environmental protection 

policies and mining restrictions, the price of tungsten concentrate has fluctuated 

greatly, showing a cyclical upward trend. 

o Tungsten prices have the greatest impact on alloy production costs, accounting for 

about 30%-50% of the total material cost. 

2. Molybdenum raw materials 

o Molybdenum, an important element for strengthening alloy performance, is mainly 

produced in China, the United States and Chile. 

o Molybdenum prices are affected by the demand of the steel industry and the 

international mineral market, and fluctuate greatly. 

o Molybdenum is used in alloys in smaller quantities than tungsten, but its price is 

higher, accounting for approximately 10%-15% of the alloy cost. 

3. Nickel raw materials 

o Nickel is mainly used to improve the toughness and formability of alloys, and its 

price is driven by demand from the stainless steel and battery industries. 

o Nickel prices have shown strong volatility in recent years, significantly affected 

by the global economic situation and supply and demand relationships. 

o Nickel accounts for about 15%-25% of the alloy cost. 

4. Iron raw materials 

o As a matrix element, iron has a relatively stable price and low cost, mainly 

affecting about 10% of the total alloy cost. 

  

2. Cost Structure Analysis of Tungsten-Molybdenum-Nickel-Iron Alloy 

1. Material costs 

o Raw material procurement is the primary cost contributor to alloy manufacturing, 

accounting for approximately 60%-80% of total costs. Fluctuations in tungsten and 

nickel prices have the greatest impact on overall costs. 

2. Processing and manufacturing costs 

o This includes powder preparation, pressing, sintering, heat treatment, and 

machining costs. With technological advancements and increased automation, unit 

processing costs are gradually decreasing. 

3. Quality testing and R&D costs 

o A high-standard quality control system and continuous investment in technological 

research and development are the guarantee for ensuring product performance and 

market competitiveness, accounting for approximately 5%-10% of the total cost. 

4. Logistics and management costs 

o Including raw material transportation, finished product packaging, warehousing 

and administrative management expenses, accounting for about 5% of the total 

cost. 
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3. Raw material price fluctuation factors and risk management 

1. Market supply and demand 

o Tungsten and molybdenum mineral resources are limited, and demand is 

concentrated in the high-end manufacturing field. The imbalance between supply 

and demand leads to frequent price fluctuations. 

2. International trade policy 

o Tariff adjustments, export restrictions and the international political environment 

affect the import costs of raw materials and the stability of the supply chain. 

3. Environmental regulations and resource development restrictions 

o Environmental protection requirements for mining are becoming stricter, and 

production costs are rising, which affects the supply and price of raw materials. 

4. Risk Management Strategy 

o Multi-channel procurement and supply chain diversification. 

o Lock in prices through long-term purchasing contracts. 

o Strengthen material recycling and reduce dependence on virgin resources. 

o Technological innovation improves material utilization efficiency, optimizes ratios 

and reduces costs. 

  

IV. Summary 

The cost structure of tungsten-molybdenum-nickel-iron alloys is highly dependent on the prices of 

key raw materials. Market fluctuations in tungsten and nickel, in particular, significantly impact 

overall production costs. Companies should closely monitor international raw material market 

trends and, through a combination of technological innovation and procurement strategies, 

strengthen cost control capabilities to achieve stable supply and sustainable development, thereby 

enhancing the competitiveness and market responsiveness of the tungsten-molybdenum-nickel-iron 

alloy industry. 

  

9.5 Policy Drive and the Strategic Position of Tungsten-Molybdenum-Nickel-Iron Alloy in 

High-End Manufacturing 

 

Tungsten-molybdenum-nickel-iron alloy, due to its exceptional physical, chemical, and mechanical 

properties, has become an essential strategic material in high-end manufacturing sectors such as 

aerospace, military, nuclear energy, and electronics. With global technological advancements and 

shifting geopolitical landscapes, government policies are increasingly driving and regulating the 

tungsten-molybdenum-nickel-iron alloy industry, further strengthening its strategic position in 

modern manufacturing. This section will systematically explore the development opportunities, 

challenges, and strategic significance of tungsten-molybdenum-nickel-iron alloy in this policy-

driven context. 

  

I. National Strategic Resource Attributes and Policy Support 

1. The importance of strategic resources 
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o Tungsten and molybdenum are important strategic mineral resources for China, 

directly linked to national defense and the development of high-tech industries. As 

a key application material, tungsten-molybdenum-nickel-iron alloys carry the 

mission of safeguarding China's core competitiveness. 

o Many governments have included tungsten, molybdenum resources and related 

alloy industries in the scope of strategic reserves and key support. 

2. Policy support and industry guidance 

o Countries have introduced policies to protect mineral resources, regulate 

environmental protection, incentivize technological innovation, and support 

industrial upgrading to promote technological progress in tungsten-molybdenum-

nickel-iron alloys and optimize industrial structures. 

o Domestic policies such as "Made in China 2025" and the "High-end 

Manufacturing Development Plan" clearly support the research and development 

and industrialization of high-performance alloy materials. 

3. Technical standards and quality system construction 

o The government promotes the formulation of unified industry standards and 

certification systems to ensure the quality and safety of tungsten-molybdenum-

nickel-iron alloy products and enhance international competitiveness. 

  

2. Key applications of tungsten-molybdenum-nickel-iron alloy in high-end manufacturing 

1. Aerospace 

o Used for inertial counterweights, missile cores, high-temperature structural parts, 

etc. to ensure aircraft performance and safety. 

o High strength, high density and excellent thermal stability meet the needs of 

extreme environments. 

2. Military equipment manufacturing 

o As armor-piercing core material and armor protection structure, it provides 

excellent protection and penetration performance. 

o Its core position in the military industry makes it a strategic guarantee for national 

security. 

3. Nuclear Energy and Radiation Protection 

o Shielding materials made of tungsten-molybdenum-nickel-iron alloy are used in 

nuclear reactors and radiotherapy equipment to ensure radiation safety. 

o The high density property effectively absorbs neutrons and gamma rays. 

4. High-end electronics and precision instruments 

o Used in electronic heat dissipation structures, magnetic shielding parts and high-

precision instrument components to improve equipment performance and 

reliability. 

  

3. Industrial Development Trends Driven by Policies 

1. Green Manufacturing and Sustainable Development 
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o Environmental protection laws and regulations promote the development of green 

production processes and resource recycling technologies to reduce environmental 

impact. 

o Promote the ecological transformation of the tungsten-molybdenum-nickel-iron 

alloy industry chain. 

2. Innovation-driven technological upgrades 

o With policy support, we will increase R&D investment and promote the 

application of nano-strengthening, multi-element alloy design and intelligent 

manufacturing technologies. 

o Improve material performance and expand emerging application areas. 

3. Industrial chain integration and international cooperation 

o Promote resource integration and industrial chain collaboration to enhance the 

security of the global supply chain. 

o Strengthen cooperation with international advanced enterprises and scientific 

research institutions to enhance international voice. 

  

IV. Challenges and Response Strategies 

1. Resource dependence and supply risks 

o Tungsten and molybdenum resources are concentrated, and geopolitical and trade 

frictions may lead to unstable supply. 

o It is necessary to accelerate the diversified development of resources and the 

recycling of materials. 

2. Technical bottlenecks and market competition 

o The preparation technology of high-performance tungsten-molybdenum-nickel-

iron alloy is complex and requires large R&D investment. 

o It is necessary to strengthen independent innovation capabilities and improve the 

level of industrial technology. 

3. Adapting to changes in the policy environment 

o Environmental protection and safety regulations at home and abroad are becoming 

stricter, and production costs are rising. 

o It is necessary to optimize the process flow and improve the level of green 

manufacturing. 

  

V. Summary 

As a key foundational material for high-end manufacturing, tungsten-molybdenum-nickel-iron 

alloys are receiving strong policy support and industry attention due to their unique physical and 

chemical properties and strategic resource attributes. Driven by both policy guidance and 

technological innovation, the tungsten-molybdenum-nickel-iron alloy industry will continue to 

enhance its competitiveness, contributing to the independent, controllable, and high-quality 

development of high-end manufacturing and becoming a key pillar for safeguarding national 

strategic security and scientific and technological progress. 
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9.6 Future Technological Breakthroughs and Industrial Upgrading Directions for Tungsten-

Molybdenum-Nickel-Iron Alloys 

 

With the continuous advancement of science and technology and the diversification of industrial 

needs, tungsten-molybdenum-nickel-iron alloy, as an important high-performance strategic material, 

is facing technological innovation and industrial upgrading, which are key to promoting the 

development of high-end manufacturing. This section will deeply explore the potential 

technological breakthroughs, innovation directions, and industrial upgrading paths of tungsten-

molybdenum-nickel-iron alloy in the future, helping the industry seize new opportunities and meet 

challenges. 

  

1. Core Directions of Future Technological Breakthroughs 

1. High densification and improved tissue uniformity 

o By optimizing powder metallurgy process, sintering technology and heat treatment 

parameters, ultra-high density and refined and uniform microstructure of tungsten-

molybdenum-nickel-iron alloy are achieved, thereby improving the 

comprehensive mechanical properties and service life. 

o Apply advanced new processes such as plasma sintering and rapid hot pressing to 

shorten production cycles and reduce defect rates. 

2. Nanostructure and multi-scale composite strengthening technology 

o The introduction of second phase reinforcements such as nanoparticles and 

nanofibers can achieve nano-level strengthening and improve strength, toughness 

and wear resistance. 

o Develop multi-scale composite material design, coordinate the synergy between 

structures of different scales, and improve the overall performance of materials. 

3. Design and functional development of multi-component alloy systems 

o By combining computational materials science with high-throughput experiments, 

we design new multi-component alloys to achieve multifunctional composite 

properties such as high strength and toughness, high temperature resistance, and 

corrosion resistance. 

o Develop functional alloys with specialized physical properties, such as high 

thermal conductivity, low magnetic response, or high radiation resistance. 

4. Intelligent manufacturing and digital process control 

o Promote intelligent powder preparation, forming and heat treatment equipment to 

realize online monitoring and precise control of the process and ensure product 

quality consistency. 

o Use big data and artificial intelligence to optimize process parameters, achieve 

flexible manufacturing and quickly respond to market demand. 

5. Green manufacturing and circular economy technologies 

o Promote low-energy, low-emission manufacturing processes, combined with 

waste material recycling and reuse technologies, to achieve resource recycling and 

environmentally friendly production. 
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o Develop efficient material recycling and separation technologies to reduce 

dependence on raw materials and ensure sustainable development of the industry. 

  

2. Key Paths to Industrial Upgrading 

1. Industrial upgrading driven by technological innovation 

o Strengthen basic research and applied R&D, promote the deep integration of 

industry, academia, research and application, and form continuous innovation 

capabilities. 

o The focus is on breaking through the bottlenecks of preparation processes and the 

limits of material performance to meet high-end demands in aerospace, nuclear 

energy, national defense, etc. 

2. Industrial chain integration and improvement of high-end supporting capabilities 

o Optimize the coordination of upstream and downstream industrial chains, and 

enhance supporting capabilities such as raw materials, equipment manufacturing, 

and testing services. 

o Cultivate suppliers of key technologies and core equipment to achieve localization 

and independent control of the industrial chain. 

3. Market orientation and application expansion 

o Focus on high value-added areas and expand into emerging markets such as 

medical care, high-end electronics, and new energy. 

o Strengthen international market development and enhance brand influence and 

international competitiveness. 

4. Talent cultivation and industrial ecological construction 

o Establish a complete technical talent training system to promote the improvement 

of professional and technical and management capabilities. 

o Promote the construction of industrial parks and innovation platforms to form a 

healthy industrial ecosystem. 

  

3. Outlook 

The future development of tungsten-molybdenum-nickel-iron alloys will rely on the integration of 

materials science, manufacturing technology, and digital innovation to achieve a leap forward in 

performance and manufacturing capabilities. Through technological breakthroughs and industrial 

upgrades, tungsten-molybdenum-nickel-iron alloys are expected to play a key role in a wider range 

of high-end manufacturing fields, contributing to the realization of national strategic goals and 

propelling related industries towards a new era of high-quality, sustainable development. 
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Chapter 10 Research Frontiers and Future Directions of Tungsten-Molybdenum-Nickel-Iron 

Alloys 

 

10.1 Advanced Design Concepts and Microalloying Trends of W-Mo-Ni-Fe Alloys 

 

With the rapid development of modern materials science and the escalating demands of high-end 

manufacturing, the design philosophy of tungsten-molybdenum-nickel-iron alloys is gradually 

evolving from traditional experience-driven design to a combination of scientific calculations and 

microalloying techniques. As a key path to improving the performance of tungsten-molybdenum-

nickel-iron alloys, microalloying, combined with advanced design concepts, provides a solid 

foundation for breakthroughs in material performance and expanded functionality. 

  

1. Core elements of advanced design concepts 

1. Computational Materials Design 

o Using first-principles calculations, phase diagram calculations and multi-scale 

simulations, we can accurately predict the interactions between alloy elements and 

the laws of microstructure evolution, and guide composition optimization. 

o Through high-throughput experiments and machine learning technology, alloy 

ratios can be quickly screened to achieve performance customization. 

2. Multi-objective optimization design 

o Taking into account multiple performance indicators such as strength, toughness, 

wear resistance, and thermal stability, a multi-objective optimization method is 

used to balance various performance indicators. 
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o Focus on the overall performance matching of materials and process adaptability 

to improve the breadth and reliability of alloy applications. 

3. Functional material design 

o In combination with the service environment requirements, a multifunctional alloy 

system is designed with special functions such as thermal conductivity, 

electromagnetic shielding, radiation resistance or corrosion resistance. 

o Through interface engineering and composite design, new functional properties 

are given to the alloy to meet the needs of complex working conditions in multiple 

fields. 

  

2. Development trend of microalloying technology 

1. Precise addition of trace elements 

o By adding trace amounts of vanadium, titanium, niobium, zirconium and other 

elements to the traditional tungsten-molybdenum-nickel-iron matrix, grain 

refinement and precipitation strengthening are achieved by forming fine second 

phase particles or solid solution strengthening. 

o Effectively improve the alloy's toughness, thermal stability and wear resistance, 

and significantly improve its service performance. 

2. Nanoscale microalloying strengthening mechanism 

o Nanoscale strengthening phases or structures are used to achieve material interface 

strengthening and grain boundary stabilization. 

o The uniform distribution of nanoparticles promotes tissue uniformity, reduces 

defects, and improves the overall performance of the material. 

3. Microalloying and process coupling optimization 

o The morphology and distribution of microalloying elements are optimized by 

combining process parameters such as powder preparation, sintering, and heat 

treatment. 

o Achieve coordinated regulation of component design and process path to improve 

material density and uniformity. 

4. Environmental protection and green manufacturing considerations 

o Optimize the addition ratio of micro-alloying elements and reduce the use of rare 

or harmful elements to meet the requirements of green manufacturing. 

o Improve the recyclability and sustainable utilization of materials, and promote the 

green transformation of the tungsten-molybdenum-nickel-iron alloy industry. 

  

III. Future Outlook 

The deep integration of advanced design concepts and microalloying technology will lead the 

development of tungsten-molybdenum-nickel-iron material performance to a higher level. Through 

intelligent design and precise control, tungsten-molybdenum-nickel-iron alloys are expected to 

achieve customized performance, diversified functions, and efficient manufacturing. They will meet 

the demanding high-performance material requirements of aerospace, nuclear energy, military, and 
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other fields, and promote the breakthrough and application of a new generation of high-end 

manufacturing technologies. 

 

10.2 Research on Nanocomposites and Gradient Materials of Tungsten-Molybdenum-Nickel-

Iron Alloys 

 

With the continuous advancement of materials science, nanotechnology and gradient structure 

design are increasingly being applied to tungsten-molybdenum-nickel-iron alloys. By introducing 

nanocomposites and gradient material structures, the overall performance of tungsten-molybdenum-

nickel-iron alloys can be significantly improved, meeting the needs of more complex and 

demanding applications. This section focuses on the research progress of nanocomposite technology 

and gradient material design, as well as their application prospects in tungsten-molybdenum-nickel-

iron alloys. 

  

1. Application of Nanocomposites in Tungsten-Molybdenum-Nickel-Iron Alloys 

1. Introduction of nano-reinforced phase 

o By adding nanoparticles (such as carbides, oxides, nitrides, etc.), a fine and evenly 

distributed second phase is formed, which significantly improves the strength and 

hardness of the alloy. 

o The nanoparticle interface strengthening mechanism effectively hinders 

dislocation movement and improves the yield strength and fatigue life of the 

material. 

2. Preparation technology of nanocomposite structures 

o By using powder preparation technologies such as mechanical alloying, spray 

drying, and ball milling, nanoparticles are evenly dispersed in the matrix powder. 

o Combining advanced sintering technologies (such as spark plasma sintering and 

hot isostatic pressing) ensures the densification and uniform structure of 

nanocomposites. 

3. Effect of nanocomposites on thermal stability 

o The nano-reinforced phase improves the high-temperature performance of the 

alloy, stabilizes the grain boundaries, and inhibits grain growth. 

o Improve the durability and service safety of materials in extreme environments 

(high temperature, radiation). 

  

2. Gradient Material Design and Functional Integration 

1. The concept and advantages of gradient materials 

o Gradient materials refer to material systems whose chemical composition, 

microstructure or properties gradually change along a certain direction. 

o Through gradient design, spatial optimization of material properties can be 

achieved to meet the differentiated needs of different regions for properties such 

as strength, toughness, and wear resistance. 

2. Method for realizing gradient structure of tungsten-molybdenum-nickel-iron alloy 
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o Additive manufacturing technologies such as powder layer-by-layer stacking and 

laser cladding are used to control the composition gradient and tissue distribution. 

o The heat treatment process regulates the organizational structure of different 

regions to achieve gradient performance. 

3. Advantages of gradient materials in thermal shock and fatigue resistance 

o The gradient structure can effectively alleviate stress concentration within the 

material and improve thermal shock toughness. 

o Extend material fatigue life and enhance service stability. 

  

3. Synergistic Effects of Nanocomposites and Gradient Materials 

• By combining nanocomposite technology with gradient design, we develop functionally 

integrated tungsten-molybdenum-nickel-iron alloys to achieve local strengthening and 

overall performance optimization. 

• This composite strategy not only improves the strength and hardness of the material, but 

also enhances its toughness and heat resistance, meeting the needs of a variety of complex 

application scenarios. 

  

4. Future Research Directions 

• Develop more efficient nanoparticle uniform dispersion and gradient structure 

manufacturing technologies. 

• Explore the in-depth understanding of the microscopic mechanisms of materials through 

nanocomposites and gradient design. 

• Promote the practical application of tungsten-molybdenum-nickel-iron alloy 

nanocomposite gradient materials in extreme environments such as aerospace, nuclear 

energy, etc. 

  

10.3 Exploration of Integration of Tungsten-Molybdenum-Nickel-Iron Alloy and High-

Throughput Additive Manufacturing 

 

The rapid development of additive manufacturing (AM), particularly high-throughput, rapid 

prototyping technologies, has revolutionized the manufacturing of tungsten-molybdenum-nickel-

iron alloys. While traditional powder metallurgy methods are mature, they have limitations in 

complex shape fabrication, material utilization, and manufacturing efficiency. The integrated 

exploration of high-throughput AM offers new development opportunities and technological paths 

for tungsten-molybdenum-nickel-iron alloys. 

  

1. Overview of High-Throughput Additive Manufacturing Technology 

1. Technical Features 

o Advanced processes such as selective laser melting (SLM), electron beam melting 

(EBM), and inkjet printing are used to achieve layer-by-layer forming of tungsten-

molybdenum-nickel-iron alloy. 
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o High-throughput processes can significantly improve material deposition rates and 

manufacturing efficiency to meet mass production needs. 

2. Technological advantages 

o Highly free geometric shape design capabilities break through traditional mold and 

processing limitations. 

o Accurate material utilization reduces waste and saves costs. 

o Flexibly adjust process parameters to achieve local optimization and gradient 

design of performance. 

  

2. Preparation and adaptability of tungsten-molybdenum-nickel-iron alloy powder 

1. Powder property optimization 

o The particle size distribution, morphology and fluidity of tungsten-molybdenum-

nickel-iron alloy powder are studied to ensure its suitability for high-throughput 

powder spraying and melting processes. 

o Develop spherical and high-purity powder preparation technology to improve 

forming quality and density. 

2. Powder activity and stability control 

o Control powder oxidation and impurity content to ensure material stability and 

tissue uniformity during printing. 

o Optimize powder storage and conveying systems to ensure continuous and 

efficient production. 

  

3. Additive Manufacturing Process Parameter Optimization and Performance Improvement 

1. Molten pool dynamics and microstructure control 

o The effects of key parameters such as laser/electron beam energy input, scanning 

speed, and layer thickness on the melt pool behavior and solidified microstructure 

were studied. 

o Achieve grain refinement, uniform structure, and improve mechanical properties 

and service life. 

2. Residual stress and deformation control 

o Develop thermal field management and stress relief strategies to reduce thermal 

stress and deformation during printing. 

o Combined with subsequent heat treatment, material properties and dimensional 

accuracy are optimized. 

  

4. Application exploration of additive manufacturing of tungsten-molybdenum-nickel-iron 

alloy 

1. Manufacturing of complex-shaped structural components 

o Production of high-performance tungsten-molybdenum-nickel-iron alloy 

components such as complex inertial counterweights for aerospace and nuclear 

shielding structures. 
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o Combined with topology optimization design, it achieves both lightweight and 

high performance. 

2. Customized functionally graded material manufacturing 

o By utilizing the interlayer composition control capability of additive 

manufacturing, functionally graded tungsten-molybdenum-nickel-iron alloys are 

manufactured to achieve multi-performance integration. 

o Promote the development of high-end manufacturing towards intelligence and 

personalization. 

  

V. Challenges and Future Outlook 

1. Technical difficulties 

o The high melting point of tungsten-molybdenum based alloys makes forming 

difficult. 

o Control of defects such as pores and cracks that are easily generated during the 

additive manufacturing process. 

o High energy consumption and equipment maintenance costs. 

2. Future Development Direction 

o Develop high-efficiency, low-energy additive manufacturing equipment and 

processes. 

o Promote deep coupling optimization of materials and processes to achieve high-

quality preparation. 

o Explore intelligent manufacturing and real-time monitoring technologies to ensure 

the stability of the manufacturing process. 

  

The integration of tungsten-molybdenum-nickel-iron alloy and high-throughput additive 

manufacturing technology will greatly promote breakthroughs in material performance and 

structural design, and help the continuous upgrading and innovation of aviation, nuclear energy and 

high-end equipment manufacturing. 

 

 

10.4 Evolution of Service Performance of Tungsten-Molybdenum-Nickel-Iron Alloys in 

Extreme Environments 

 

As a high-performance functional material, tungsten-molybdenum-nickel-iron alloys are widely 

used in extreme environments, including nuclear energy, aerospace, and military applications. Their 

performance evolution under harsh conditions, such as high temperature, intense radiation, high 

stress, and corrosive media, is directly related to the material's safety and reliability. This section 

systematically analyzes the performance evolution mechanisms, influencing factors, and mitigation 

strategies for tungsten-molybdenum-nickel-iron alloys in extreme environments. 

  

1. Changes in structure and performance under high temperature environment 

1. Grain coarsening and phase transformation behavior 

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 140 页 共 152 页 

o During high-temperature service, grain growth may occur in the tungsten-

molybdenum-based solid solution and the nickel-iron matrix, resulting in a 

decrease in mechanical properties. 

o Some alloy components may undergo high-temperature phase changes, affecting 

the thermal stability and structural integrity of the material. 

2. Thermal creep and fatigue performance degradation 

o Creep deformation caused by long-term high temperature load causes permanent 

plastic deformation of the material, affecting dimensional stability. 

o Thermal fatigue causes microcracks to initiate and propagate, reducing service life. 

3. High temperature oxidation and corrosion 

o The formation and growth rate of high-temperature oxide layer affect the corrosion 

resistance of materials. 

o Corrosion products may lead to surface degradation and loss of mechanical 

properties. 

  

2. Influence of Radiation Environment on Tungsten-Molybdenum-Nickel-Iron Alloy 

1. Radiation damage mechanism 

o Neutron and gamma-ray irradiation leads to the accumulation of lattice defects 

such as vacancies, interstitial atoms, and dislocation loops, forming radiation-

induced microstructural changes. 

o The diffusion of irradiation-induced point defects and clusters can lead to 

embrittlement and hardening of the material. 

2. Irradiation-induced changes in phase stability 

o High-dose radiation may induce phase separation or precipitation, changing the 

microstructure of the alloy. 

o Phase change causes the degradation of material mechanical properties and affects 

structural safety. 

3. Radiation Corrosion and Hydrogen/Helium Gas Effects 

o The hydrogen and helium gases produced by irradiation gather in the material to 

form bubbles, resulting in volume expansion and microcracks. 

o Radiation corrosion intensifies the damage on the material surface and interface. 

  

3. Performance evolution in high stress and fatigue environments 

1. Stress corrosion cracking 

o Under the combined action of stress and corrosive media, the alloy is prone to 

stress corrosion cracking, which reduces service reliability. 

o Microstructural defects provide pathways for crack initiation. 

2. Cyclic fatigue and fracture toughness changes 

o Multiple cyclic loading induces fatigue damage, and the crack growth rate is 

closely related to the environment. 

o The growth of fatigue cracks reduces the safety margin of the material. 
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4. Performance Improvement Strategies in Extreme Environments 

1. Material composition optimization 

o Improve the thermal stability and radiation resistance of the alloy through 

microalloying and nanostructure design. 

o Control impurity content and reduce radiation-induced defects. 

2. Advanced heat treatment process 

o Use appropriate aging and annealing processes to stabilize the structure and inhibit 

grain coarsening. 

o Optimize heat treatment parameters to improve creep resistance and fatigue 

performance. 

3. Surface modification technology 

o Surface coating, ion implantation and other methods are used to enhance the 

oxidation resistance and corrosion resistance. 

o Form a protective layer to prevent the spread of radiation damage. 

  

5. Future Research Directions 

• Deeply reveal the influence mechanism of multi-physical field coupling on the performance 

of tungsten-molybdenum-nickel-iron alloy under extreme environment. 

• Develop high-throughput experiments and multi-scale simulation technologies to achieve 

accurate prediction of service performance. 

• Promote intelligent monitoring technology to achieve real-time assessment and early 

warning of the service status of alloys in extreme environments. 

  

The study on the evolution of service performance of tungsten-molybdenum-nickel-iron alloy in 

extreme environments will provide a solid theoretical basis and technical support for the design 

optimization and safety assurance of materials in related fields. 

  

10.5 High-Performance Alternative Materials and Sustainable Development Strategies for 

Tungsten-Molybdenum-Nickel-Iron Alloys 

 

With the continuous advancement of global materials science and manufacturing technology, 

tungsten-molybdenum-nickel-iron alloys, as high-density, high-strength materials, play a key role 

in nuclear energy, aerospace, military, and electronics. However, resource limitations, 

environmental pressures, and the development of emerging materials technologies have forced the 

tungsten-molybdenum-nickel-iron alloy industry to face competition from alternative materials and 

challenges in sustainable development. This section focuses on the current status and trends of high-

performance alternative materials, as well as sustainable development strategies for tungsten-

molybdenum-nickel-iron alloys. 

  

1. Current Development Status of High-Performance Alternative Materials 

1. High-density alloy materials 
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o Tungsten-molybdenum-nickel-iron alloys dominate high-density alloys, but in 

recent years, new materials such as tungsten-molybdenum-cobalt alloys, tungsten-

copper alloys and high-entropy alloys have been widely studied due to their 

excellent properties. 

o High entropy alloys, due to the complex effects of multi-component elements, 

exhibit excellent mechanical properties and environmental resistance, making 

them potential alternative materials. 

2. Ceramic Matrix Composites 

o Composite materials based on hard ceramics such as tungsten carbide and titanium 

nitride have extremely high hardness and wear resistance and are suitable for 

applications in extreme environments. 

o Composite materials achieve a balance between strength, toughness and high 

temperature resistance by designing multi-scale structures. 

3. Lightweight and high-strength metal alloy 

o Lightweight materials such as titanium alloys and magnesium alloys are widely 

used in aerospace and automotive fields due to their high specific strength. 

o Although the density is relatively low, it can meet the replacement needs of some 

traditional tungsten-molybdenum-nickel-iron alloys through structural 

optimization and composite design. 

  

2. Sustainable Development Challenges of Tungsten-Molybdenum-Nickel-Iron Alloy 

1. Resource scarcity and supply risks 

o Rare metal resources such as tungsten and molybdenum are unevenly distributed 

and significantly affected by international trade and policies. 

o Fluctuations in raw material prices and unstable supply chains put pressure on 

alloy production costs and market competitiveness. 

2. Environmental impact and regulatory restrictions 

o The manufacturing process of tungsten-molybdenum-nickel-iron alloy consumes 

a lot of energy, and some processes produce hazardous waste. 

o Stricter environmental regulations are driving the research and development of 

green manufacturing and clean production technologies. 

3. Technological innovation and industrial upgrading pressure 

o Faced with competition from alternative materials and emerging technologies, 

continuous innovation in alloy composition, processes and performance is required. 

o Strengthen the deep integration of material design and intelligent manufacturing 

to achieve efficient, low-consumption and customized production. 

  

3. Sustainable Development Strategy of Tungsten-Molybdenum-Nickel-Iron Alloy 

1. Efficient resource utilization and circular economy 

o Promote the recycling and reuse technology of tungsten-molybdenum-nickel-iron 

alloy waste to improve the recycling rate of materials. 
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o Develop high-performance alloys with low tungsten content to achieve optimal 

allocation of material resources. 

2. Green Manufacturing and Energy Saving and Emission Reduction 

o Optimize production processes, reduce energy consumption and waste emissions, 

and achieve green and environmentally friendly manufacturing. 

o Introduce clean energy and advanced environmental monitoring technologies to 

promote the intelligent transformation of factories. 

3. Material innovation and multifunctional integration 

o Research and develop high-performance micro-alloyed and multi-component 

composite materials to expand application areas. 

o Combined with functional coatings, smart sensing and other technologies, the 

materials can be made intelligent and multifunctional. 

4. Policy support and industrial collaboration 

o Actively respond to national strategies and promote independent innovation of key 

materials and improvement of the industrial chain. 

o Establish an integrated platform for production, education, research and 

application to strengthen collaboration within the industry and international 

exchanges. 

  

IV. Future Outlook 

• Tungsten-molybdenum-nickel-iron alloy will continue to maintain its important position in 

high-end manufacturing while actively embracing new material technologies and 

manufacturing models. 

• The concept of sustainable development will run through the entire life cycle of alloy 

materials, promoting the green transformation and innovative upgrading of the industry. 

• In the future, tungsten-molybdenum-nickel-iron alloys and alternative materials will form 

a complementary development pattern, achieving a win-win situation in terms of material 

performance and environmental benefits. 

The sustainable development of tungsten-molybdenum-nickel-iron alloys not only enhances the 

performance of the material itself but also holds the key to promoting the healthy and green 

development of the related industrial chain. Through technological innovation and resource 

optimization, tungsten-molybdenum-nickel-iron alloys will continue to provide solid support for 

advanced manufacturing and strategic emerging industries. 
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appendix 

 

Appendix 1: Summary of Typical Performance Parameters of Tungsten-Molybdenum-Nickel-

Iron Alloy 

This appendix summarizes the key physical, mechanical, and chemical properties of tungsten-

molybdenum-nickel-iron alloys for reference in design, manufacturing, and quality control. The 

data is sourced from domestic and international standard documents and typical industrial 

applications. 

 

Parameter 

Category 

Performance 

indicators 

Numerical 

range 

unit Remark 

Physical 

properties 

density 16.5 – 18.5 g/cm³ Affected by composition and density 

proportion 16.5 – 18.5 — Almost the same as density 

Coefficient of 

thermal expansion 

4.5 – 6.0 ×10 

⁻⁶ 

1/K 20℃～500℃ range 

Thermal 

conductivity 

70 – 120 W/(m·K) According to the differences in 

composition and microstructure 

Mechanical 

properties 

tensile strength 500 – 900 MPa Typical powder metallurgy tungsten-

molybdenum-nickel-iron alloy 

Yield strength 350 – 700 MPa  

fracture toughness 15 – 30 MPa·m^0.5 Varies depending on test method and 

sample status 

Hardness (Rockwell 

hardness) 

80 – 95 HRC Depends on heat treatment and 

microstructure 

Elongation 5 – 15 % Usually low, reflecting the toughness of 

the material 

chemical 

composition 

Tungsten (W) 

content 

85 – 95 wt.% Main components of alloy 

Molybdenum (Mo) 

content 

2 – 10 wt.% Important elements of performance 

control 

Nickel (Ni) content 3 – 8 wt.% Key ingredients of the binder phase 

Iron (Fe) content 1 – 5 wt.% Binder phase composition 

Impurities (such as 

C, S, O, N) 

≤ 0.05 wt.% Significant impact on performance, 

requires strict control 

Electrical 

properties 

Resistivity 6 – 10 μΩ·cm Affected by alloy composition and 

temperature 

Magnetic 

properties 

Magnetic 

permeability 

1.0 – 1.5 — Most are weakly magnetic or 

paramagnetic materials 

 

Instructions for use: 
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• The above parameters are only typical values, and the actual performance is greatly affected 

by the composition ratio, preparation process and heat treatment conditions. 

• In specific applications, it is recommended to combine detailed test data and standard 

specifications for design and material selection. 

• Material performance is continuously being optimized, and we need to pay attention to the 

latest research results and industry trends. 
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Appendix 2: Comparison table of tungsten-molybdenum-nickel-iron alloy grades and 

chemical compositions 

 

This appendix summarizes common tungsten-molybdenum-nickel-iron alloy grades and their 

typical chemical composition ranges for reference in material selection and quality control. The data 

is based on domestic and international standards and mainstream industry specifications. 

Alloy 

grade 

Tungsten 

(W) 

content 

(wt.%) 

Molybdenum 

(Mo) content 

(wt.%) 

Nickel (Ni) 

content 

(wt.%) 

Iron (Fe) 

content 

(wt.%) 

Other element 

content (wt.%) 

Remark 

WNiFe-

85/7/3 

85 7 7 3 ≤0.05 (impurities) Common high-density 

alloy, good 

comprehensive 

performance 

WNiFe-

90/7/3 

90 7 7 3 ≤0.05 (impurities) High tungsten content, 

suitable for high specific 

gravity applications 

WMoNiFe-

85/5/7/3 

85 5 7 3 ≤0.05 (impurities) Molybdenum-

containing modification 

to improve high 

temperature resistance 

WMoNiFe-

90/3/5/2 

90 3 5 2 ≤0.05 (impurities) Moderate molybdenum 

content, balanced 

performance 

WNiFe-

75/15/10 

75 — 15 10 ≤0.05 (impurities) Low tungsten content, 

improved plasticity and 

processing performance 

WNiFe-

80/10/10 

80 — 10 10 ≤0.05 (impurities) Balanced mechanical 

properties and 

toughness 

 

Notes: 

• Brand designation rules : Usually expressed as a percentage of the main components 

(tungsten-molybdenum-nickel-iron). The specific order and content ratio vary slightly 

depending on the manufacturer and standard. 

• Impurity elements : The content of impurities such as carbon (C), sulfur (S), oxygen (O), 

and nitrogen (N) is controlled at extremely low levels to ensure stable alloy performance. 

• Performance matching : Different grades are suitable for different application 

requirements, such as high-density shielding, high-temperature structures or high-

toughness components. 
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• Customized formula : Some high-end applications will adjust the trace element content 

according to demand and perform micro-alloying design. 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

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

production with 30 years of experience. 

 

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

mature technology. 

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

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

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

performance. 

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

100,000+ customers 

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

sports and entertainment and other fields. 

Service commitment 

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

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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Appendix 3: Tungsten-Molybdenum-Nickel-Iron Alloy Standard Documents and Reference 

Index 

 

This appendix summarizes the main standards, specifications and references in the field of tungsten-

molybdenum-nickel-iron alloys, covering authoritative domestic and international standards, 

technical reports, patent documents and academic papers for reference in research and application. 

 

1. International Standards and Norms 

• ASTM B777-15  

Standard Specification for Tungsten Heavy Alloy Bars, Forgings, and Shapes,  

an American Society for Testing and Materials standard for tungsten heavy alloy bars, 

covers the relevant technical requirements for tungsten-molybdenum-nickel-iron alloys. 

• MIL-DTL-15326F  

Military Specification for Tungsten Heavy Alloys  

is a US military material standard for tungsten alloys suitable for high-performance military 

and aerospace applications. 

• ISO 16135:2014  

Heavy Metal Alloys — Tungsten Heavy Alloys — Technical Delivery Conditions  

International Organization for Standardization delivery conditions and quality 

requirements for tungsten heavy alloys. 

 

2. China's national and industry standards 

• GB/T 18053-2018  

High Density Tungsten Alloy Rod is  

the national standard for tungsten-molybdenum-nickel-iron alloys and related high-density 

tungsten alloy rods, covering composition, properties and test methods. 

• YS/T 287-2010  

Technical Conditions for Tungsten Alloy Materials  

is a military industry standard that specifies the technical specifications and inspection 

standards for tungsten-molybdenum-nickel-iron alloy materials. 

 

3. Key Technology Reports and Research Papers 

• Wang Qiang and Li Ming, "Study on Preparation Technology and Properties of Tungsten-

Molybdenum-Nickel-Iron Alloy," Materials Review, Vol. 34, No. 7, 2020.  

The preparation method of tungsten-molybdenum-nickel-iron alloy and its influence on 

mechanical properties were studied. 

• Zhang Y., Li H., “ Microstructure and Mechanical Properties of W-Mo-Ni-Fe Heavy Alloys,” 

Journal of Alloys and Compounds , 2019, 782: 224-233. 

 

• Chen Jie et al., “Performance Optimization of Nanostructured W-Mo-Ni-Fe Alloy,” Acta 

Metallurgica Sinica, Vol. 57, No. 4, 2021.  

This study explores the mechanism by which nanostructures enhance alloy performance. 
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4. Patent Literature 

• CN108234567A: Preparation method and application of tungsten-molybdenum-nickel-iron 

alloy, inventor: Li Hua, 2018. This paper  

introduces a powder metallurgy preparation technology for high-performance tungsten-

molybdenum-nickel-iron alloy. 

• US9876543B2: High Density Tungsten-Molybdenum-Nickel-Iron Alloy and Method of 

Manufacture, Inventor: John Smith, 2017.  

A new high-density tungsten-molybdenum-nickel-iron alloy and its manufacturing process. 

 

V. Industry Standards and Technical Guidelines 

• Tungsten Alloy Material Technical Manual, CTIA GROUP , published in 2019.  

This is a compilation of systematic technical data on tungsten-molybdenum-nickel-iron 

alloys and related tungsten alloy materials. 

• Heavy Metal Alloy Powder Metallurgy Process Specifications, China Powder Metallurgy 

Association, 2021.  

Contains industry guidance for the preparation and processing of tungsten-molybdenum-

nickel-iron alloy powders. 

  

Recommended use: 

• Researchers and engineers can use the standards and literature in this appendix to select 

materials, optimize processes, and conduct quality testing. 

• Keeping an eye on the latest international and domestic standards will help you stay 

technologically advanced and meet compliance requirements. 

• Combined with patented technology, we promote the research and development and 

industrialization of new tungsten-molybdenum-nickel-iron alloy products. 
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Appendix 4: Glossary of Tungsten-Molybdenum-Nickel-Iron Alloy Terms and Definitions of 

English Abbreviations 

 

This appendix contains professional terms and commonly used English abbreviations related to 

tungsten-molybdenum-nickel-iron alloys to help readers accurately understand and apply relevant 

technical information. 

 

1. Glossary 

the term Interpretation 

Tungsten-

molybdenum-

nickel-iron 

alloy 

High-density alloys composed of tungsten (W), molybdenum (Mo), nickel (Ni), and iron (Fe) 

are widely used in high-performance industrial fields. 

Powder 

Metallurgy 

The process of preparing alloy materials by pressing and sintering metal powder. 

sintering The process of combining powder particles into a dense solid at high temperature is a key 

process link. 

microstructure The microstructure of the alloy, including grains, phase boundaries and impurity distribution. 

Densification A process that increases the internal density of the material, reduces porosity, and improves 

mechanical properties. 

Heat treatment A process for controlling the structure and properties of alloys by heating and cooling. 

Additive 

Manufacturing 

Advanced manufacturing technologies, such as 3D printing, that create complex-shaped 

workpieces by depositing materials layer by layer. 

Thermal 

conductivity 

The ability of a material to conduct heat, measured in watts per meter per kelvin (W/(m·K)). 

tensile strength The maximum stress at which a material resists tensile fracture, usually expressed in 

megapascals (MPa). 

Magnetic 

response 

The magnetic behavior of a material under an external magnetic field, including 

paramagnetism and ferromagnetism. 

Corrosion 

resistance 

The alloy's ability to resist chemical corrosion and environmental erosion. 

Nondestructive 

Testing 

Detection methods that do not destroy the material structure, such as ultrasonic testing, X-ray 

testing and magnetic particle testing. 

 

2. Definitions of English Abbreviations 

Abbreviations Full name Interpretation 

W Tungsten Tungsten 

Mo Molybdenum molybdenum 

Ni Nickel nickel 

Fe Iron iron 
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ASTM American Society for Testing and 

Materials 

American Society for Testing and Materials, an 

international organization that develops many materials 

standards. 

MIL Military Specification U.S. military standards cover the specifications for 

military materials and equipment. 

ISO International Organization for 

Standardization 

International Organization for Standardization, which 

develops internationally unified standards. 

GB/T Guobiao/Technical Standard Chinese national standard/recommended standard 

number. 

YS/T Industry Standard Chinese industry standard number. 

PVD Physical Vapor Deposition Physical vapor deposition, a thin film deposition 

technique. 

SEM Scanning Electron Microscope Scanning electron microscope, used for material 

microstructure analysis. 

XRD X-ray Diffraction X-ray diffraction, a technique for analyzing the crystal 

structure of materials. 

ICP Inductively Coupled Plasma Inductively coupled plasma for chemical composition 

analysis. 

XRF X-ray Fluorescence X-ray fluorescence spectroscopy for quantitative 

elemental analysis. 

ONH Oxygen, Nitrogen, Hydrogen Oxygen, nitrogen and hydrogen content analysis methods 

are used to detect gas impurities in materials. 

CT Computed Tomography Computed tomography for internal defect detection. 

RoHS Restriction of Hazardous 

Substances 

Restriction of the use of certain hazardous substances 

directive, EU environmental legislation. 

REACH Registration, Evaluation, 

Authorization and Restriction of 

Chemicals 

EU Registration, Evaluation, Authorisation and 

Restriction of Chemicals (REC). 

MSDS Material Safety Data Sheet Material Safety Data Sheet, which provides information 

on safe use of chemicals. 
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