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INTRODUCTION TO CTIA GROUP

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

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

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

and molybdenum alloys.

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

performance, market prices, and market trend services.

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

materials in the Industrial Internet era.

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

tungsten and molybdenum product manufacturing and information services.

COPYRIGHT AND LEGAL LIABILITY STATEMENT

Copyright© 2024 CTIA All Rights Reserved BiE/TEL: 0086 592 512 9696
AR AS CTIAQCD-MA-E/P 2024 ki CTIAQCD-MA-E/P 2018-2024V
www.ctia.com.cn sales@chinatungsten.com

E2m#E BRI


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

CTIA GROUP LTD
High-Density Tungsten Alloy Customization Service

CTIA GROUP LTD, a customization expert in high-density tungsten alloy design and
production with 30 years of experience.

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

Precision customization: support high density (17-19 g/cm3), special performance,
complex structure, super large and very small parts design and production.

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

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification.
100,000+ customers

Widely involved, covering aerospace, military industry, medical equipment, energy industry,
sports and entertainment and other fields.

Service commitment

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

in 30 years!

Contact us

Email: sales@chinatungsten.com
Tel: +86 592 5129696
Official website: www.tungsten-alloy.com
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Chapter 1 Overview of Tungsten Alloy Rings

1.1 Definition and Development History of Tungsten Alloy Ring
1. Definition of Tungsten Alloy Ring
Tungsten alloy rings are annular structural components primarily composed of tungsten (W), with

certain percentages of nickel (Ni), iron (Fe), copper (Cu), and other metallic elements added through
processes such as powder metallurgy, vacuum sintering, and hot isostatic pressing. Tungsten alloy
rings typically contain 85% to 98% tungsten by mass, resulting in extremely high density (16.5 to
19.3 g/cm?®), excellent corrosion resistance, high-temperature resistance, and good machinability.

Compared with pure tungsten, tungsten alloy rings have higher toughness and impact resistance
through alloying; compared with traditional steel materials, their density is almost twice as high, so
they have irreplaceable advantages in high-density counterweights, precision mechanical
balance, high-speed rotating inertial parts, aerospace inertial control systems and other fields.

In addition, tungsten alloy rings can be divided into the following types according to different
application environments:
1. Heavy-weight tungsten alloy rings (W-Ni-Fe/W-Ni-Cu): used for counterweight,
vibration reduction, and inertia control.
2. High temperature resistant tungsten alloy rings (W-Re series, W- HfC series): used in
extreme environments such as aerospace engines and nuclear reactors.
3. Corrosion-resistant tungsten alloy rings (W-Cu system): used in chemical equipment

sealing, deep-sea exploration equipment and other fields.
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2. Origin and Early Development of Tungsten Alloy Rings

tungsten alloy materials can be traced back to the early 20th century , but annular tungsten alloy
structural components did not truly appear until the 1940s and 1950s . This was primarily due to
the rapid development of the military and aviation industries, particularly during World War II and
the early Cold War, which led to a sharp increase in demand for high-density, high-temperature-
resistant metal materials.

e 1940s~1950s : European and American countries first used high-density tungsten
alloys in artillery muzzle brakes, rotating flywheels and balance rings to replace lead and
steel.

e 1960s : NASA and the Soviet Space Agency introduced tungsten alloy rings in rocket
engines and satellite attitude control systems , using their high density to enhance the
kinetic energy storage capacity of gyroscopes and inertia wheels.

o 1970s~1980s : Industrial countries such as Japan and Germany used tungsten alloy rings as
balancing weights for precision mechanical spindles to reduce vibration and noise in high-
speed rotating equipment.

During this period, the manufacturing process of tungsten alloy rings was still relatively primitive,
mostly using the compression molding + liquid phase sintering method. The product performance
was limited by the powder particle size and sintering density.

3. Development Stages of Modern Tungsten Alloy Rings
From the end of the 20th century to the beginning of the 21st century , with the maturity of
powder metallurgy technology, nanomaterial technology, vacuum sintering and hot isostatic
pressing (HIP) equipment, tungsten alloy rings entered a rapid development stage:
1. High purification and homogenization
0 The purity of tungsten powder has been increased from 99.8% to over 99.95%,
effectively reducing the content of impurities such as oxygen, carbon, and nitrogen,
and significantly improving the ductility and fatigue life of the material.
0 The powder particle size is controlled at 1~3 um , making the microstructure after
sintering more uniform and dense.
2. Composite alloying
0 Rare earth elements (La, Ce, Y) and strengthening phases ( HfC , TiC ) are
introduced to improve high-temperature creep properties and wear resistance.
0 We have developed multi-component alloy rings such as W-Ni-Fe-Co and W-Cu-
Re to meet the needs of extreme working conditions.
3. Precision machining and surface engineering
0 using CNC turning, grinding and electrical discharge machining (EDM) , and
the dimensional tolerance can be controlled within £0.01 mm.
o PVD, CVD, and laser cladding are introduced to further improve corrosion
resistance and wear resistance.
4. Customized and modular design

0 Aviation, aerospace and deep-sea equipment manufacturers can customize
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tungsten alloy rings with different densities, cross-sectional shapes and wall
thicknesses according to load requirements to achieve structural optimization and
weight distribution.

4. Future Development Trend of Tungsten Alloy Ring
In the next 10 to 20 years, tungsten alloy rings will develop in three directions: high performance,
lightweight, and intelligent :

1. High performance : Through technologies such as nano-tungsten powder and vacuum hot
isostatic pressing and composite sintering, the bending strength of the tungsten alloy ring
exceeds 1200 MPa, and the density is close to the theoretical value of 19.3 g/cm?.

2. Lightweighting and structural optimization : Finite element analysis (FEA) and
topology optimization are used to reduce the material in non-stressed areas and improve
the ratio of inertial performance to structural strength.

3. Intelligence and functional integration : sensors and heating elements are embedded in
tungsten alloy rings to achieve real-time monitoring and environmental adaptation, which
is particularly suitable for spacecraft attitude control systems.

1.2 Classification and main characteristics of tungsten alloy rings

Tungsten alloy rings are widely used as structural components, functional materials, and specialized
applications. Their classification and characteristics directly determine their application scenarios
and performance. Due to tungsten's high density, high melting point, and excellent mechanical
properties, tungsten alloy rings not only perform well in extreme environments such as high
temperature, severe corrosion, and strong impact , but also exhibit diverse properties depending on
the alloy system.

1.2.1 Classification by alloy system
Tungsten alloy rings can be divided into the following categories according to the different alloy
systems:

1. Heavy Tungsten Alloy Rings (W-Ni-Fe / W-Ni-Cu System)

o formed by adding nickel, iron or copper to tungsten as a matrix , with a density of
16.8~18.8 g/cm?.

0 It is characterized by high strength, good ductility and better processing
performance than pure tungsten. It is suitable for occasions such as counterweights,
balance rings, flywheels, etc. that require high inertia and high energy absorption
capacity .

2. Tungsten copper alloy ring (W-Cu system)

0 by the infiltration of tungsten skeleton and copper , and has the high melting point
of tungsten and the high electrical and thermal conductivity of copper .

0 Commonly used in electrical contact rings, high temperature resistant conductive
rings and thermal management components.

3. Tungsten-molybdenum alloy ring (W-Mo system)
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0 Adding an appropriate amount of molybdenum to tungsten can reduce the
brittleness of the material and improve its high-temperature plasticity.

0 It is mostly used for high temperature parts such as vacuum furnace heating rings
and heat-resistant supports.

4. Tungsten carbide alloy rings (WC-Co / WC-Ni system)

0 It is a cemented carbide ring with extremely high hardness (HRA 85 and above)
and excellent wear resistance.

0 Commonly used in sealing rings, wear-resistant lining rings, mining machinery
parts, etc.

1.2.2 Classification by manufacturing process
e Powder metallurgy tungsten alloy ring : Made by powder pressing, sintering and
subsequent machining, it is suitable for mass production and has uniform material structure.
¢ Forged tungsten alloy ring : Improves the microstructure through plastic deformation at
high temperature to obtain higher density and mechanical properties.
¢ Sintering-infiltration composite tungsten alloy ring : such as W-Cu, W-Ag ring, first
sinter the tungsten skeleton, and then infiltrate the low melting point metal.

1.2.3 Main characteristics of tungsten alloy ring
1. High density and high specific gravity
0 Tungsten has a density of up to 19.3 g/cm?®, which allows the tungsten alloy ring
to provide greater inertia and counterweight effect in a small volume.
2. Excellent high temperature performance
0 Tungsten has a melting point of 3,422°C, and maintains structural stability in high-
temperature environments, making it less susceptible to creep or softening.
3. Good wear resistance and corrosion resistance
0 It is suitable for long-term work in friction, impact, acid and alkali environments
and has a long service life.
4. Customizable performance
0 By adjusting the alloy ratio and process parameters, products with different
strength, hardness, thermal conductivity and electrical conductivity can be
obtained.
5. Radiation resistance and protection performance
0 Its high atomic number and density make it important for applications in nuclear

radiation shielding and protective rings .

tungsten alloy rings not only affects their physical and mechanical properties, but also determines
their application in industries such as aerospace, military, energy, machinery manufacturing, and
electronics. In actual engineering, it is usually necessary to select the appropriate alloy system and
manufacturing process based on the working environment's temperature, load, corrosive media, and

processing requirements to maximize the performance advantages of tungsten alloy rings .
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1.3 Overview of Tungsten Alloy Ring Applications

Tungsten alloy rings play a vital role in modern industry due to their high density, high hardness,
excellent wear resistance, and outstanding high-temperature performance. Their unique physical
and chemical properties allow them to be used not only in conventional machinery manufacturing
but also maintain stable performance in extreme environments. Consequently, they are widely used
in a variety of fields, including aerospace, energy, military, medical, and electronics. The following
provides an overview of the applications of tungsten alloy rings from the perspective of key
industries .

(1) Aerospace

In aerospace equipment, tungsten alloy rings are often used as gyroscope rotor counterweight rings,
aircraft attitude control counterweights, and key components in inertial navigation systems. Due to
their extremely high density (close to 19g/cm?®), tungsten alloy rings can provide a larger moment
of inertia under the same volume, which helps to reduce component size and improve system
sensitivity and stability. In addition, their good fatigue resistance and thermal stability enable them
to work stably for a long time in high-speed rotation and high-temperature environments.

2

Tungsten alloy rings also play an important role in military equipment, such as gyro stabilizers in
fire control systems, inertial components in tank gun control systems, and balance weight rings in
ships and submarines. In ammunition and missile technology, tungsten alloy rings can be used as
projectile or tail stabilization rings, which not only improve flight accuracy but also maintain
structural integrity during armor penetration and high kinetic energy impact.

(3) Energy and Nuclear Industry

In the nuclear energy field, tungsten alloy rings are often used in reactor control components,
radiation protection rings, and slewing mechanism counterweights. Their high density and high
atomic number give them excellent shielding properties against gamma rays and X-rays, effectively
reducing radiation leakage. In wind turbines and ocean energy devices, tungsten alloy rings can also
be used as counterweights for high-speed rotating components to reduce vibration and improve
stability.

(4) Medical and Radiation Protection

In medical imaging and treatment equipment, tungsten alloy rings are used in rotors and shielding
components of equipment such as CT scanners, linear accelerators, and gamma knives . Their high
density not only reduces radiation leakage, but also maintains balance during rotation, improving
imaging quality and treatment accuracy. In addition, tungsten alloy rings can also be used for motion
balance and precise positioning of medical equipment.

(5) Precision Machinery and Electronics Industry

In high-speed precision machine tools, semiconductor manufacturing equipment, and high-end
testing instruments, tungsten alloy rings can be used as flywheels, inertia rings , or counterweight
components to stabilize high-speed running parts and reduce vibration. In the electronics industry,
it can also be used as a stabilizing component for high-frequency equipment and microwave systems,
utilizing its high density and good thermal conductivity to ensure long-term reliable operation of
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the system.

(6) Special industrial and scientific research equipment

Tungsten alloy rings are also used in special scenarios such as deep-sea detectors, geological
exploration equipment and particle accelerators. For example, in deep-sea submersibles, tungsten
alloy rings can be used as ballast weights to maintain the balance between diving and surfacing; in
particle accelerators, they can be used in ion beam control devices to accurately adjust the magnetic
field distribution.

Overall, tungsten alloy rings , thanks to their comprehensive performance advantages, have become
indispensable key components in high-end equipment across multiple industries. With the
continuous development of new manufacturing technologies and alloy formulations, their
application areas will continue to expand, especially in new energy, high-end manufacturing, and
extreme environment operations, where they will play an even more important role in the future.
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CTIA GROUP LTD
High-Density Tungsten Alloy Customization Service

CTIA GROUP LTD, a customization expert in high-density tungsten alloy design and
production with 30 years of experience.

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

Precision customization: support high density (17-19 g/cm3), special performance,
complex structure, super large and very small parts design and production.

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

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification.
100,000+ customers

Widely involved, covering aerospace, military industry, medical equipment, energy industry,
sports and entertainment and other fields.

Service commitment

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

in 30 years!

Contact us

Email: sales@chinatungsten.com
Tel: +86 592 5129696
Official website: www.tungsten-alloy.com
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Chapter 2 Material Basis and Properties of Tungsten Alloy Rings

2.1 Chemical composition and microstructure of tungsten alloy ring

tungsten alloy rings is largely determined by their chemical composition and microstructure. These
two aspects not only determine the material's density, hardness, and wear resistance, but also directly
affect its corrosion resistance, ductility, and high-temperature performance. Tungsten alloy rings are
typically designed for high density, high strength, and good processability, placing strict demands
on the composition ratio and microstructure control.

1. Chemical Composition Characteristics:

Tungsten (W) is the main component, with a mass fraction typically ranging from 85% to 97%,
accounting for the vast majority of the alloy. Tungsten has an extremely high melting point (3422°C),
high density (19.25g/cm?), and good corrosion resistance, making it a key element in imparting high
density and hardness to tungsten alloy rings . To improve toughness, enhance processing
performance, or impart special functions, a certain proportion of alloying elements is usually added,
including:

1. Nickel (Ni) — The most common toughening element, it forms a ductile bonding phase
when used with iron or copper . Nickel is typically added in amounts of 3% to 7% and
significantly improves the alloy’s plasticity and impact resistance.

2. Iron (Fe) — Often combined with nickel (W-Ni-Fe alloys), it improves toughness while also
enhancing the material’s strength and wear resistance.

3. Copper (Cu) — As a toughening agent to replace iron (W-Ni-Cu alloy), it is mainly used in
applications requiring high conductivity and non-magnetic properties.
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4. Cobalt (Co) —used as a binder phase in some special alloys to improve heat resistance and
creep resistance, but its cost is relatively high.
5. carbon (C), molybdenum (Mo), and chromium (Cr) — used to improve the alloy’s wear
resistance, corrosion resistance, or structural stability in high-temperature environments.
The design of the ratio will vary according to the purpose of the tungsten alloy ring . For example,
the ring material used in aerospace pays more attention to high temperature strength and oxidation
resistance, while the ring material used in precision instruments pays more attention to density

stability and dimensional accuracy.

2. Microstructural Characteristics
The microstructure of tungsten alloy rings usually presents a dual-phase or multi-phase structure:

1. Tungsten particle phase (W phase) — appears light gray or white and appears as evenly
distributed spherical or polyhedral particles under a microscope. It is the main load-bearing
phase of the alloy, giving the material high density and high hardness.

2. Binder phase (metal matrix phase) — composed of elements such as nickel, iron, and
copper, distributed between tungsten particles, plays the role of connection, stress transfer,
and buffering brittle fracture.

3. Grain boundaries and pores — Some pores are inevitably formed during the sintering
process, but high-quality tungsten alloy rings can reduce the porosity to an extremely low
level through high-temperature liquid phase sintering or hot isostatic pressing (HIP)

treatment, thereby improving strength and toughness.

Microstructural uniformity is crucial to the overall performance of tungsten alloy rings . Oversized
or unevenly distributed tungsten particles can lead to premature crack propagation at stress
concentration points. Insufficient binder phase continuity reduces ductility, making the ring
susceptible to cracking during processing. Therefore, the preparation process requires strict control
of powder particle size distribution, mixing uniformity, and the temperature profile and holding time

during the sintering process.

3. Influence of composition and organization on performance

¢ Density : Mainly determined by the tungsten content. The higher the tungsten ratio , the
closer the density is to the theoretical limit.

e Strength and toughness : Depends on the distribution of tungsten particles and the ratio
of the binder phase. A reasonable Ni/Fe or Ni/Cu ratio can significantly improve the impact
toughness.

e  Wear and Corrosion Resistance : High tungsten content and dense microstructure help
resist abrasive wear and chemical corrosion.

e High-temperature performance : Tungsten's high melting point and stability allow it to
maintain structural strength at high temperatures, but the thermal stability of the binder
phase is equally critical.

In summary, the chemical composition and microstructure of tungsten alloy rings are the basis for
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determining their performance. Scientific alloy design and precise microstructure control are the
core technical approaches to ensure that they meet the needs of high-end industrial applications.

2.2 Physical properties of tungsten alloy ring

tungsten alloy rings are one of the key reasons for their widespread adoption in numerous industrial
fields. These properties are derived not only from the unique atomic structure of tungsten itself, but
also from the optimized ratio of alloying elements and the precise control of the manufacturing
process. Tungsten alloy rings exhibit significant advantages in density, melting point, thermal
stability, thermal conductivity, electrical conductivity, and radiation resistance, enabling them to
maintain stable structure and performance even under extreme conditions.

2.2.1 High-density characteristics

Tungsten is one of the densest metals in nature (approximately 19.3 g/cm?®). Tungsten alloy rings
typically have a density between 17.0 and 18.5 g/cm?, significantly higher than common structural
metals like steel and copper alloys. This high density gives tungsten alloy rings excellent inertial
properties and kinetic energy absorption capabilities, making them particularly effective in
structures requiring balancing, counterweighting, or vibration reduction. The high density also
means that for a given mass, tungsten alloy rings can be smaller, facilitating compact designs in
space-constrained structures.

2.2.2 High melting point and high temperature stability

Tungsten has a melting point of 3,422°C, the highest among metals. Although the melting point of
tungsten alloy rings decreases slightly after alloying, they can maintain a stable structure and
strength for extended periods above 1,000°C without significant softening or deformation. This
characteristic gives them unique advantages in applications such as high-temperature molds,
vacuum heat treatment fixtures, and hot runner systems.

2.2.3 Low thermal expansion coefficient

tungsten alloy rings is typically between (4.5 and 6.0) x 107°/° C, significantly lower than that of
metals like steel and aluminum. This low expansion allows the rings to maintain precise dimensions
even in environments with drastic temperature fluctuations, minimizing gap variations caused by
thermal expansion and contraction. This is particularly important for precision instruments, high-
temperature sealing rings, and structural components subject to thermal cycling conditions.

2.2.4 Excellent thermal conductivity

While tungsten's thermal conductivity is lower than that of copper and silver, it remains relatively
high among high-density structural metals (approximately 160 W/ m-K ). Tungsten alloy rings
effectively conduct heat, preventing localized overheating and ensuring stable performance in high-
power applications subject to frequent thermal shock. This is crucial for high-temperature heating
devices and electronic cooling structures.

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved BiE/TEL: 0086 592 512 9696
IR IRA S CTIAQCD-MA-E/P 2024 iR CTIAQCD-MA-E/P 2018-2024V
www.ctia.com.cn sales@chinatungsten.com

% 15 T 3 73

=i


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

2.2.5 Electrical properties
The resistivity of tungsten alloy ring is (5.0~6.0)x 107® Q- m, which is superior to most high-
temperature alloys and heat-resistant metals. In special electrical contacts that need to maintain
electrical conductivity at high temperatures, tungsten alloy rings can meet the dual needs of heat
resistance and conductivity.

2.2.6 High hardness and wear resistance

tungsten alloy rings is generally between 300 and 500 HV, which can be further increased through
heat treatment or surface hardening. This high hardness gives them excellent wear resistance,
enabling them to have a longer service life in applications such as rotary seals, bearing supports,
and impact-resistant counterweights.

2.2.7 Radiation resistance

Due to the high atomic number (74) and high density of tungsten, tungsten alloy rings are much
better than lead in shielding against X-rays and gamma rays. They are regarded as safe and
environmentally friendly materials in medical protection, nuclear industry and aerospace radiation
shielding structures.

2.2.8 High strength and rigidity

Tungsten alloy rings typically have a tensile strength of 700-1,200 MPa, high yield strength, and
moderate plasticity, enabling them to withstand high loads and impacts without structural instability.
This strength level remains relatively stable at both room and high temperatures, making them
suitable for critical components subjected to complex stress environments.

2.3 Mechanical properties of tungsten alloy rings

of tungsten alloy rings are directly related to their reliability and lifespan in various industrial and
high-end applications. Mechanical properties primarily include tensile strength, yield strength,
fracture toughness, elastic modulus, fatigue strength, and impact toughness. These performance
indicators reflect the tungsten alloy ring 's deformation capacity, load-bearing capacity, and
resistance to damage when subjected to external forces.

2.3.1 Tensile strength and yield strength

tungsten alloy rings typically ranges from 700 to 1200 megapascals (MPa), depending on the alloy
composition, preparation process, and heat treatment. This high tensile strength enables the rings to
maintain their structural integrity under high loads without breaking or excessive deformation. The
yield strength, which is slightly lower than the tensile strength, typically ranges from 550 to 950
MPa and reflects the stress level at which the material enters the plastic deformation phase after
elastic deformation. The high yield strength of tungsten alloy rings ensures that they are less

susceptible to permanent deformation under stress, maintaining their precise size and shape.

2.3.2 Fracture toughness
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Fracture toughness is a key indicator of a tungsten alloy ring's ability to resist crack propagation and
fracture. While inherently brittle due to its high density and hardness, tungsten alloy rings can be
significantly improved through microalloying, nanostructural strengthening, and heat treatment
optimization. The typical fracture toughness of tungsten alloy rings ranges from 10 to 25
MPa-m”0.5. This superior toughness provides strong fracture resistance under dynamic loads and
impact, reducing the risk of fracture failure.

2.3.3 Elastic modulus

Tungsten alloy rings have an elastic modulus of approximately 380 to 410 GPa , demonstrating their
exceptional rigidity. This means they experience minimal elastic deformation when subjected to
stress, resulting in excellent dimensional stability and shape retention, making them suitable for use
in high-precision mechanical structures and complex mating components. This high elastic modulus
helps improve the structure's response speed and vibration resistance.

2.3.4 Fatigue strength

tungsten alloy rings under cyclic loading is crucial to their service life. Through process
optimization and material design, tungsten alloy rings can exhibit a high fatigue limit, typically
between 40% and 60% of their tensile strength. This excellent fatigue strength ensures the stability
of the tungsten alloy rings in environments with mechanical vibration, thermal cycling , and shock
loading, preventing equipment failures due to fatigue fracture.

2.3.5 Impact toughness

The impact resistance of tungsten alloy rings is closely related to their toughness. Although
tungsten-based materials are somewhat brittle, proper alloy design and heat treatment can enhance
their ability to absorb impact energy. The impact toughness of tungsten alloy rings allows them to
maintain a high degree of fracture resistance when subjected to sudden loads, mechanical shock,
and high-energy particle bombardment, making them suitable for use as protective and buffering
structural materials.

2.3.6 Fracture behavior and failure mode

tungsten alloy rings generally exhibits brittle fracture, particularly at low temperatures and in areas
of high stress concentration. To improve fracture toughness, adjustments to alloying element ratios,
optimized powder metallurgy processes, and multi-stage heat treatments are often employed to
achieve a uniform microstructure refinement and reduce internal stresses and defect sources. Failure
modes primarily include crack propagation, micropore coalescence, and interfacial separation.

Understanding these mechanisms can help improve material design and process control.

In summary, tungsten alloy rings have excellent mechanical properties. They possess both high
strength and high rigidity, and through process improvements, their toughness and fatigue life have
been effectively improved, making them suitable for complex and demanding industrial applications.
In the future, with the development of nanotechnology, microalloying, and intelligent manufacturing
processes, the mechanical properties of tungsten alloy rings will be further improved.
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2.4 Corrosion resistance and high temperature resistance of tungsten alloy ring

Tungsten alloy rings play a key role in numerous high-end industrial fields and extreme
environments. Their corrosion resistance and high-temperature resistance are key performance
indicators that ensure their long-term stable operation and service life. Tungsten alloy rings possess
excellent oxidation resistance and chemical corrosion resistance, while maintaining good
mechanical properties and structural stability under high temperature conditions, making them
widely used in nuclear energy, aerospace, military industry, and chemical industry.

2.4.1 Corrosion resistance of tungsten alloy ring
Tungsten itself possesses extremely high chemical stability, exhibiting exceptional corrosion
resistance in a variety of acidic and alkaline media. The tungsten content in tungsten alloy rings
typically accounts for the majority of the alloy, providing a foundation for excellent corrosion
resistance. The selection and proportion of binder metals, such as nickel and iron, significantly
influence the alloy's corrosion resistance. Appropriate alloy design can maximize overall corrosion
resistance.
¢ Oxidation Resistance : Tungsten alloy rings form a dense and stable tungsten oxide (WO3)
protective film on their surface in air and oxidizing environments . This film effectively
prevents further oxidation and corrosion, enhancing the material's durability. The self-
healing ability of the film provides long-lasting anti-oxidation protection, especially in low-
and medium-temperature environments .
¢ Chemical Corrosion Resistance : Tungsten alloy rings exhibit high corrosion resistance
in most acidic and alkaline solutions, maintaining a particularly low corrosion rate in strong
acid environments such as sulfuric and hydrochloric acids. This makes them suitable for
use in the chemical and nuclear industries, where stringent corrosion protection
requirements are imposed. However, in certain environments with high-temperature molten
alkali metal salts and strong oxidants, corrosion resistance may be reduced, requiring
surface coating or special treatment to enhance the level of protection.
¢ Localized Corrosion Protection : The low porosity and dense structure of tungsten alloy
rings effectively prevent pitting and crevice corrosion. Surface treatments such as spraying,
PVD coating, and chemical passivation further enhance corrosion resistance, extending

service life, especially in marine and high-humidity environments.

2.4.2 High temperature resistance of tungsten alloy ring
Tungsten alloy rings can still maintain excellent physical and mechanical properties under high
temperature conditions and are an important material for manufacturing high-temperature structural
parts and functional components.
¢ High Melting Point and Thermal Stability : Tungsten's melting point is as high as 3422°C,
far exceeding that of most metals, making tungsten alloy rings extremely resistant to high
temperatures. In high-temperature environments, the ring 's microstructure remains stable,

making it less susceptible to grain growth and structural degradation, ensuring the material's
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high-temperature mechanical properties.

Thermal expansion characteristics : The linear expansion coefficient of tungsten alloy
ring is low, usually in the range of 4.5~5.5x107-6 /K, which ensures its dimensional
stability in thermal cycles and high temperature fluctuation environments, avoiding stress
concentration and structural damage caused by thermal expansion and contraction.
High-temperature oxidation behavior : Although the oxide film formed on tungsten alloy
rings in high-temperature oxidizing environments provides some protection, the oxidation
rate accelerates significantly when the temperature exceeds approximately 500°C,
especially in an atmosphere with a high oxygen content. For this reason, protective
atmospheres, vacuum, or surface coatings are often required to inhibit oxidation damage in
high-temperature applications.

Thermal fatigue and high-temperature creep resistance : Tungsten alloy rings exhibit
excellent creep resistance under high-temperature, long-term stress conditions, delaying
plastic deformation and fracture. Through reasonable alloy design and heat treatment
optimization, their thermal fatigue life can be effectively extended to meet the service
requirements of extreme environments such as aircraft engines and nuclear reactors.

2.4.3 Coordinated optimization of corrosion resistance and high temperature resistance

In practical applications, tungsten alloy rings often need to have excellent corrosion resistance and

high temperature resistance. The following methods can achieve a synergistic improvement of the

two:

Alloy composition control : Adjust the ratio of elements such as tungsten, nickel, and iron,
add trace rare earth elements or strengthening phases to improve high-temperature stability
and oxidation resistance, while enhancing overall corrosion resistance.

Surface modification : High temperature anti-oxidation coating (such as ceramic coating),
chemical passivation and ion implantation are used to significantly improve the surface
corrosion resistance and heat resistance of tungsten alloy rings .

Advanced preparation technology : Utilize high densification processes such as vacuum
sintering and hot isostatic pressing to reduce material porosity, inhibit the penetration of
corrosive media, and improve tissue stability and high-temperature resistance.

In summary, tungsten alloy rings , with their exceptional corrosion resistance and high-temperature

resistance, play an irreplaceable role in high-temperature protection, nuclear shielding, acrospace,

and the chemical industry. With the advancement of materials science and surface engineering

technology, the corrosion resistance and high-temperature resistance of tungsten alloy rings will be

further improved to meet the more stringent application requirements of the future.
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Chapter 3 Preparation Technology of Tungsten Alloy Ring

3.1 Preparation of raw materials for tungsten alloy rings and basic powder metallurgy

tungsten alloy rings is a key step in ensuring their excellent performance and stable quality. Raw
material preparation and powder metallurgy process are the foundation of the entire manufacturing
process. High-quality tungsten alloy powder and scientific and reasonable powder metallurgy
technology directly affect the density, microstructure, mechanical properties, and surface quality of

tungsten alloy rings .

3.1.1 Selection and preparation of tungsten alloy ring raw materials
tungsten alloy rings primarily include high-purity tungsten powder and an alloy binder (usually
metal powders such as nickel, iron, or copper). The purity, particle size distribution, morphology,
and chemical composition of the raw materials significantly impact the performance of the final
product.
¢ Tungsten Powder Preparation : Tungsten powder is the primary component of tungsten
alloy rings . Common preparation methods include reduction and chemical precipitation.
The reduction method uses sodium tungstate to produce uniformly sized tungsten powder,
often with a spherical or sub-spherical particle shape, which facilitates subsequent pressing

and sintering. Chemical precipitation can produce ultrafine tungsten powder, suitable for
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the manufacture of high-performance tungsten alloy rings .

e Alloy binder powder : Nickel powder and iron powder are the primary binder materials
and must possess high purity and uniform particle size distribution. Nickel powder provides
excellent mechanical properties and corrosion resistance, while iron powder enhances the
alloy's hardness and strength. Copper powder is often used in specialized tungsten-copper
alloys to improve thermal conductivity.

e Powder pretreatment : Raw material powders need to be screened, dried, and mixed
before use to ensure uniform particle size and prevent powder agglomeration and excessive
moisture content. Tungsten powder and binder powder are also uniformly mixed through
mechanical methods such as ball milling to achieve optimal dispersion and promote
sintering densification.

3.1.2 Basic Powder Metallurgy Process

tungsten alloy rings mainly relies on powder metallurgy technology, including powder mixing,
molding, sintering, hot isostatic pressing and other steps. These steps together determine the
microstructure and macro properties of tungsten alloy rings .

¢ Powder mixing : The tungsten powder is evenly dispersed with binders such as nickel and
iron through ball milling or mechanical mixing. Mixing uniformity has a decisive impact
on the density and performance of the tungsten alloy ring . Excessive oxidation or
contamination of the powder must be avoided.

¢ Molding process : Molding is the process of pressing a uniformly mixed powder into the
desired shape. Common methods include compression molding and isostatic pressing.
Compression molding is suitable for simple tungsten alloy rings, while isostatic pressing
can produce rings with higher density and complex shapes.

o Sintering : Sintering is the most critical step in the powder metallurgy process . Heating
causes diffusion and bonding between powder particles to form a dense overall structure.
Tungsten alloy rings are typically sintered in a vacuum at high temperatures, reaching 1400-
1600°C. This effectively reduces impurities and improves the alloy's density and
mechanical properties.

o Hot Isostatic Pressing (HIP) : To further improve the densification and mechanical
properties of tungsten alloy rings , sintered tungsten alloy rings are often subjected to hot
isostatic pressing (HIP). The HIP process utilizes high temperature and high pressure to
promote material densification, eliminate internal porosity and defects, and improve
material uniformity and strength.

3.1.3 Effect of Powder Metallurgy on the Properties of Tungsten Alloy Rings
The basic process of powder metallurgy has a profound impact on the performance of tungsten alloy
rings . Reasonable process parameter design and control can significantly improve the
comprehensive performance of the material:
¢ Density and strength : High-density powder metallurgy products have higher mechanical
strength and toughness. The sintering temperature and holding time need to be precisely
controlled to achieve the best densification effect.
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e  Microstructure uniformity : Uniform powder mixing and sintering process can avoid
component segregation and structural unevenness, and reduce defects such as cracks and
holes.

e Surface quality and processing performance : High-quality powder and reasonable
molding process help to obtain tungsten alloy rings with smooth surface and stable
dimensions, which is convenient for subsequent machining and surface treatment.

In summary, the raw material preparation and powder metallurgy process of tungsten alloy rings are
key to ensuring their high performance and long life. With the development of nanopowder
technology, advanced molding equipment, and intelligent process control, the preparation
technology of tungsten alloy rings will continue to be optimized to meet the needs of more complex
and demanding applications.

3.2 Tungsten Alloy Ring Forming Process (Molding, Isostatic Pressing, etc.)

tungsten alloy rings is crucial in determining their final shape, dimensional accuracy, and internal
density. Proper selection and optimization of forming methods not only impacts the material's
mechanical properties and service life but also directly impacts production efficiency and cost
control. Currently, compression molding and isostatic pressing are the two most commonly used
forming techniques for tungsten alloy rings .

3.2.1 Compression Molding Process

Compression molding is a method of using a special mold to compress tungsten alloy powder into
a mold cavity. The process mainly includes powder filling, pre-pressing, final pressing, and
demolding.

e Powder filling : The pre-mixed tungsten alloy powder is loaded into the mold cavity to
ensure that the powder is evenly distributed to avoid uneven density of the finished product.

¢ Pre-compacting stage : Use lower pressure to perform preliminary compaction on the
powder to improve the stability of the powder and reduce molding defects.

e Main pressing stage : Apply higher pressure to fully compact the powder. Usually the
pressure can reach hundreds of MPa to improve the density of the green body.

¢ Demolding : After the pressing is completed, the mold must be carefully demolded to avoid
cracking or deformation of the blank. The formed tungsten alloy ring blank will enter the

subsequent sintering process.

The advantages of compression molding are relatively low equipment investment and mature
operating processes, making it suitable for producing tungsten alloy rings with simple structures
and large batches. However, its disadvantages are that uneven molding pressure can lead to density
gradients, affecting mechanical properties. Furthermore, molding rings with complex shapes or thin
walls is more difficult.
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3.2.2 Isostatic Pressing Process

Cold isostatic pressing (CIP) is a method of compacting powders within a closed, flexible mold by
applying uniform pressure in all directions using a liquid or gas. The process includes powder
bagging, placement in an isostatic press, pressurization , and unpacking .

¢ Powder bagging : put the evenly mixed tungsten alloy powder into a rubber or plastic
flexible bag, making sure there are no bubbles and powder flow in the bag.

o Isostatic pressing : The bagged powder is placed in an isostatic pressing chamber and a
hydraulic system is used to apply pressure evenly to the powder. The pressure range is
generally 100~400 MPa.

e De-bagging : After pressurization and molding, the flexible bag is removed and the formed
green body has high density and uniform density.

The significant advantage of isostatic pressing is the uniform forming pressure, which produces a
highly dense billet with uniform density distribution. This process is particularly suitable for
tungsten alloy rings with complex shapes and large variations in wall thickness. This process also
effectively reduces forming defects, improving the efficiency of subsequent sintering and machining,
and improving the quality of the finished product.

Effect of forming process parameters on the properties of tungsten alloy rings
tungsten alloy rings is affected by many parameters:
o Molding pressure : The higher the pressure, the greater the density of the green body, but
too high pressure may cause mold damage and poor powder flow.
o Powder particle size and distribution : Fine and evenly distributed powder helps to
achieve dense molding and reduce pores and cracks.
e Mold design : Reasonable mold structure and powder discharge design ensure uniform
powder filling, avoiding stress concentration and density gradient.
o Molding speed : Too fast a pressing speed during the molding process may cause powder
agglomeration and cracks, so the pressing rate needs to be reasonably controlled.
3.2.4 Other auxiliary forming technologies
o Hot Pressing : A forming method that combines heating and pressure to promote diffusion
and bonding between powder particles, thereby improving the density and mechanical
properties of the green body.
¢ Rolling forming : Tungsten alloy powder is formed using rolling equipment, which is
suitable for manufacturing tubular or ring-shaped products.
¢ Injection molding (MIM) : Metal injection molding technology combined with plastic
injection molding process is suitable for high-precision batch production of complex-
shaped tungsten alloy rings , but it has high requirements for equipment and process.

3.3 Sintering technology of tungsten alloy ring

tungsten alloy rings is a critical process step in achieving powder densification, improving
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mechanical properties, and enhancing structural integrity. During the sintering process, tungsten and
its alloy powders are subjected to high temperatures, causing diffusion bonding between particles,
forming a continuous, dense metal matrix, which imparts the tungsten alloy rings with excellent
strength, hardness, and wear resistance. A high-quality sintering process not only impacts the
microstructure and performance stability of the tungsten alloy rings , but also determines the service
life and reliability of the final product.

3.3.1 Basic principles of sintering process

Sintering is a heat treatment process that allows powder particles to diffuse and bond with each
other at temperatures below the melting point of the material, forming a strong, dense body.
Tungsten alloy rings are typically sintered using solid-phase sintering, which involves bonding
powder particles at high temperatures through solid-state diffusion and physical and chemical
reactions between particles. This process includes stages such as particle surface activation, neck
formation, particle growth, and pore closure.

Tungsten's high melting point (approximately 3422°C) requires sintering temperatures above
1800°C, with a typical range of 1500°C to 1800°C. The specific temperature depends on the alloy
composition and desired performance requirements. Parameters such as sintering temperature, time,
and atmosphere have a decisive influence on density and microstructure.

3.3.2 Common sintering methods

¢ Vacuum sintering
utilizes a high vacuum environment to avoid oxidation and contamination from impurity
gases, helping to maintain material purity and reduce surface defects. Vacuum sintering can
improve the density and mechanical properties of tungsten alloy rings and is a commonly
used sintering technique in industrial production.

¢ Sintering in a hydrogen-reducing atmosphere
utilizes the reducing properties of the hydrogen atmosphere to remove the oxide layer on
the powder surface, promote diffusion bonding between particles, lower the sintering
temperature, and improve the alloy structure and properties. However, the purity and flow
rate of the hydrogen must be strictly controlled to prevent adverse phenomena such as
hydrogen embrittlement.

e Inert atmosphere sintering
uses inert gases such as argon and nitrogen to protect the sintering environment, prevent
oxidation, and improve the surface quality of the alloy. It is suitable for complex tungsten
alloy rings with high requirements for the atmosphere.

e Hot Isostatic Pressing (HIP)
combines high temperature and isostatic pressure sintering to promote pore closure and
microstructural homogenization through applied pressure, significantly improving the
density and mechanical properties of tungsten alloy rings . HIP technology is suitable for
the manufacture of high-performance and high-reliability tungsten alloy rings.

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved BiE/TEL: 0086 592 512 9696
IR IRA S CTIAQCD-MA-E/P 2024 iR CTIAQCD-MA-E/P 2018-2024V
www.ctia.com.cn sales@chinatungsten.com

%24 T T3

=i


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

Effect of sintering process parameters on the properties of tungsten alloy rings

¢ Temperature control:
If the temperature is too low, diffusion is insufficient, resulting in reduced density and
strength; if the temperature is too high, it will easily cause grain coarsening, reducing
toughness and wear resistance. Reasonable temperature control is the key to ensuring
sintering quality.

¢ holding time
ensures sufficient diffusion between particles and pore closure, but too long holding time
may lead to grain growth and structural degradation.

e Heating and cooling rates
An appropriate heating rate can reduce thermal stress and deformation and prevent cracking
of the blank; the cooling rate affects the structural stability and internal stress release.

o Atmosphere selection and purity
: Suitable atmosphere protection prevents oxidation and decarburization, and maintains

material purity and surface quality.

3.3.4 Sintering defects and quality control

Common sintering defects include porosity, cracks, sintering defect inclusions, and grain
inhomogeneity. These defects can reduce the mechanical properties and durability of tungsten alloy
rings . By optimizing powder quality, strictly controlling sintering parameters, and adopting
auxiliary sintering technologies (such as HIP and warm pressing sintering ), defects can be
effectively reduced and product consistency can be improved.

3.4 Precision Machining of Tungsten Alloy Rings

tungsten alloy rings is a critical step in transforming sintered tungsten alloy blanks into finished
shapes and sizes that meet design requirements. Due to the high density, hardness, melting point,
and low plasticity of tungsten alloy materials, machining them is challenging, requiring specialized
machining techniques and process parameters to ensure quality, improve production efficiency, and
extend tool life.

3.4.1 Challenges in Machining Tungsten Alloy Rings

e Tungsten alloy rings have a high
hardness after sintering, which can easily cause tool wear and breakage. At the same time,
the material is very brittle, which can easily cause cracks and edge collapse during
processing. Excessive cutting forces and thermal stresses must be avoided.

e High density leads to high machining load
. The high density of tungsten alloy (generally 17-19 g/cm?) increases the cutting load, and
the processing equipment and tools need to have high rigidity and durability.

e Low thermal conductivity and easy heat accumulation
Tungsten alloy has low thermal conductivity. The heat generated during processing is
difficult to dissipate quickly, which can easily lead to overheating of the workpiece surface
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and tool, causing processing deformation and deterioration of surface quality.

3.4.2 Main machining processes of tungsten alloy rings

Roughing and finishing

are typically performed first to remove most of the excess material, followed by finishing
to achieve the required dimensional accuracy and surface finish. Roughing uses larger
cutting parameters to ensure efficiency, while finishing requires fine-tuning parameters to
reduce cutting forces and thermal effects.

Turning

is a common method used in tungsten alloy ring processing and is suitable for internal and
external circle processing. Carbide tools or diamond tools are used in combination with
cooling and lubricating fluids, and cutting speed and feed rate are controlled to obtain ideal
surface quality and dimensional accuracy.

Grinding

is used for high-precision sizing and surface treatment of tungsten alloy rings . It is
particularly suitable for complex curved surfaces and small dimensions that are difficult to
machine. Diamond grinding wheels are often used as grinding tools, combined with
efficient cooling systems to prevent overheating of the workpiece.

Discharge machining (EDM)

is suitable for tungsten alloy rings with complex shapes and difficult-to-machine areas. It
can achieve high precision and good surface quality and is less dependent on material
hardness. However, the processing speed is slow, making it suitable as an auxiliary
processing technology.

Polishing

is an important process to improve the surface finish of tungsten alloy rings . It is often
used to improve corrosion resistance and surface appearance. Mechanical polishing,
chemical polishing, and electrolytic polishing techniques can all be applied. The
appropriate method is selected based on the workpiece requirements.

3.4.3 Key processing parameters and process optimization

The cutting speed

is generally controlled at a lower cutting speed within the range of 30~100 m/min to reduce
tool wear and workpiece temperature.

Cutting feed and cutting depth

The feed rate should be moderate to avoid excessive cutting force. The cutting depth is
usually shallow to ensure the surface quality and dimensional stability of the workpiece.
cooling and

lubrication process, a large amount of coolant or cooling gas is used to improve heat
dissipation efficiency, reduce thermal stress and tool wear, and extend tool life.

The tool material selection

mainly uses diamond tools, cubic boron nitride (CBN) tools or carbide tools, taking into
account both hardness and toughness to ensure cutting effect.
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3.4.4 Quality Control and Processing Inspection

¢ Dimensional accuracy testing
uses high-precision measuring equipment such as three-coordinate measuring machines
(CMMs), internal diameter gauges, and external diameter micrometers to ensure that the
dimensions and coaxiality meet the design requirements.

e Surface quality inspection
uses a surface roughness meter and a microscope to detect surface texture and defects to
ensure that the processed surface is free of cracks and chipping and achieves the required
smoothness.

¢ Internal defect detection
combines non-destructive testing technology (ultrasonic, X-ray, etc.) to detect new cracks
or internal defects during the processing process to ensure structural integrity.

3.5 Surface Treatment and Performance Improvement Technology of Tungsten Alloy Rings

Tungsten alloy rings, due to their high density, high strength, and high-temperature resistance, are
widely used in aerospace, military, nuclear energy, and high-end machinery. To further enhance the
overall performance of tungsten alloy rings , especially their wear resistance, corrosion resistance,
and service life, surface treatment technology has become a key step. Through appropriate surface
modification processes, not only can the surface quality of tungsten alloy rings be improved , but
their mechanical properties and environmental adaptability can also be enhanced.

3.5.1 Main objectives of tungsten alloy ring surface treatment

o Improve wear resistance:
Tungsten alloy rings are subject to severe surface wear in high friction and high impact
environments. The use of hard coating or surface hardening technology can effectively
extend the service life.

o Enhanced corrosion resistance
In nuclear and chemical environments, tungsten alloy rings may be damaged by oxidation,
corrosion or radiation. The surface protective layer can form a stable protective barrier to
prevent the base material from being damaged.

¢ Improve surface roughness and dimensional stability
through polishing, grinding and other processes to achieve higher surface finish, reduce
friction coefficient, improve sealing performance and assembly accuracy.

e Improve adhesion and interface bonding strength
Surface pretreatment strengthens the bonding between the coating and the substrate,
preventing the coating from peeling or cracking.

3.5.2 Typical tungsten alloy ring surface treatment technology
e Mechanical polishing and grinding
remove surface oxides and imperfections through mechanical methods such as grinding
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and polishing with a grinding wheel to create a uniform and smooth surface. They are
suitable for improving surface roughness and preparing for subsequent processing.
Chemical polishing and pickling

use specific chemical reagents to remove surface oxides and impurities, forming a uniform
and dense surface layer while improving surface cleanliness.

Electroplating technology:

Tungsten alloy rings are often coated with metals such as nickel and electroplated
chromium to improve wear resistance and corrosion resistance. Controlling the thickness
and uniformity of the coating is crucial to ensure that dimensional tolerances are not
affected.

Physical vapor deposition (PVD) and chemical vapor deposition (CVD)

use evaporation or chemical reaction deposition technology in a vacuum environment to
form a hard ceramic coating (such as TiN , CrN , TiC , etc.) on the surface of tungsten alloy
rings , significantly improving the surface hardness and wear resistance.

Laser surface cladding and melting modification

uses a high-energy laser beam to locally clad or rapidly solidify the surface of the tungsten
alloy ring to form a dense wear-resistant layer, thereby enhancing the surface bonding
strength and corrosion resistance.

Plasma spraying

uses high-temperature plasma to spray metal or ceramic powder to prepare functional
coatings, achieving multiple performance improvements in high temperature resistance,
corrosion resistance, and wear resistance.

3.5.3 Performance Improvement Mechanism of Surface Enhancement Technology

Hardness Enhancement:

Through hard coating or surface alloying, the surface hardness of tungsten alloy rings can
be significantly improved , thereby enhancing scratch resistance and fatigue resistance.
The corrosion-resistant barrier

coating forms a dense and stable protective film, isolating oxygen, moisture and corrosive
media, and delaying substrate corrosion.

The anti- friction effect

optimizes surface roughness and coating friction coefficient, reduces friction and wear
between moving parts, and improves mechanical efficiency.

Enhanced thermal stability:

Through high temperature wear-resistant coating and surface modification, the stability and

service life of tungsten alloy rings in high temperature environments are improved.

3.5.4 Surface treatment process control and quality inspection

Process parameter optimization

includes coating material selection, deposition temperature, pressure, time and post-
processing process to ensure that the coating uniformity, adhesion and physical and
chemical properties meet the requirements.
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Surface roughness testing

uses equipment such as a roughness meter and a scanning electron microscope (SEM) to
evaluate surface flatness and defects.

Coating thickness and adhesion testing

ensures coating quality through micro-section analysis, scratch testing and tensile adhesion
testing.

Wear and corrosion resistance tests

use friction and wear testing machines, salt spray tests, etc. to simulate actual working

conditions and verify the surface treatment effect.

3.5.5 Future Development Trends

Green and environmentally friendly surface treatment technology

adopts low-pollution, low-energy consumption harmless surface treatment process, which
complies with environmental protection regulations.

Intelligent and precise processes

utilize digital control and online monitoring to achieve intelligent optimization and quality
traceability of surface treatment processes.

Functional gradient coating technology

achieves a gradual change in coating performance from the substrate to the surface, taking
into account both bonding strength and surface functionality.

The development of composite nano-coatings

combines multiple nano-materials to prepare high-performance composite coatings to meet

more demanding service requirements.
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Chapter 4 Quality Inspection and Characterization Methods of Tungsten Alloy Rings

4.1 Dimensional and geometrical accuracy testing of tungsten alloy rings

As high-performance structural and functional components, strict control of dimensional and
geometric accuracy is key to ensuring that tungsten alloy rings meet design requirements and
maintain stable performance in practical applications. Due to the high density, high hardness, and
difficult-to-process characteristics of tungsten alloy , precise dimensional and geometric inspection
is crucial for process optimization and quality control.

4.1.1 Importance of Dimensional Inspection

e Tungsten alloy
rings are often used in high-end machinery, nuclear energy and aerospace fields. The
precise inner and outer diameters, ring thickness and width directly affect the assembly
accuracy and operational safety.

e Controlling manufacturing errors and deformation
Tungsten alloy is prone to stress and deformation during processing. Dimensional
inspection helps to detect and correct deviations in a timely manner, preventing quality
problems in subsequent processes.

e Improve product consistency and stability
Through standardized dimensional testing, achieve controllable and consistent product
quality in mass production.

4.1.2 Geometric accuracy test content
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The inner and outer

diameters of the tungsten alloy ring are measured using a high-precision internal diameter
gauge, external micrometer or coordinate measuring machine (CMM) to ensure that the
dimensions meet the design tolerances.

Wall thickness uniformity

measures the ring wall thickness to ensure that the wall thickness is evenly distributed
within the design range, preventing insufficient strength or stress concentration caused by
local uneven thickness.

Roundness and concentricity testing

uses a roundness meter and a three-dimensional coordinate measuring machine to evaluate
the roundness and concentricity of the inner and outer diameters of the tungsten alloy ring
to ensure the circular accuracy and structural stability of the ring.

The flatness and end face perpendicularity

test checks whether the two end faces of the ring are parallel and whether the
perpendicularity between the end face and the ring body axis meets the requirements to

ensure installation and sealing performance.

4.1.3 Main testing equipment and technologies

The three-dimensional coordinate measuring machine (CMM) can achieve high-
precision measurement of the full range of dimensions and geometric shapes

of tungsten alloy rings through three-dimensional coordinate measurement . The data can
be digitally stored for easy quality tracking.

Optical profilometers and laser scanners

use non-contact measurement technology to obtain the surface profile and morphology of
tungsten alloy rings , which are suitable for measuring complex surfaces and small
deformations.

Internal diameter gauges and external diameter micrometers are

traditional precision measuring tools suitable for routine size detection. They are easy to
operate and suitable for rapid inspection in the workshop.

Roundness testers and shape measuring instruments

are specially used to test roundness, concentricity and flatness to ensure the geometric

accuracy of tungsten alloy rings .

4.1.4 Testing Process and Quality Control

1. Workpiece preparation

: Clean the surface of the tungsten alloy ring to remove oil and impurities to avoid affecting

the measurement accuracy.

2. Measurement plan design:
Develop inspection plans based on design drawings and determine key dimensions and
tolerance requirements.
3. Data collection
Use appropriate measuring equipment to measure dimensions and geometry and collect
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detailed data.

4. Data analysis and judgment:
Statistical analysis is performed on the measurement results to determine whether they meet
the design and process specifications.

5. Quality feedback and adjustment:
Feedback the production line based on the test results to adjust the processing parameters
and optimize the manufacturing process.

4.1.5 Common Problems and Solutions

e The dimensional deviation caused by processing deformation
is solved by adopting reasonable fixture support and step-by-step processing to reduce
processing stress.

¢ Sources of measurement error
Ensure that the measurement environment temperature is stable, calibrate the measurement
equipment, and select an appropriate measurement method.

¢ Surface roughness affects measurement accuracy
. Improve measurement accuracy by polishing and cleaning the surface.

4.2 Composition Analysis Method of Tungsten Alloy Ring

tungsten alloy rings directly determines their key physical and mechanical properties, as well as
corrosion resistance. Therefore, accurate and comprehensive composition analysis is crucial for
ensuring stable quality and excellent performance. This article systematically introduces commonly
used composition analysis techniques for tungsten alloy rings and their application characteristics.

4.2.1 Importance of ingredient analysis

¢ Ensure the accuracy of the formula . The performance of
tungsten alloy rings depends on the reasonable ratio of tungsten (W), nickel (Ni), iron (Fe)
and other elements. Accurate composition analysis helps to verify the correct
implementation of the alloy formula.

¢ Controlling impurities:
Excessive impurity content of impurity elements such as oxygen (O), carbon (C), sulfur (S),
etc. will seriously affect the density and mechanical properties of the material. Composition
analysis helps detect and control impurity levels.

e Guide process optimization
through composition change analysis to guide the adjustment of process parameters such

as powder preparation, sintering and heat treatment to achieve performance improvement.

4.2.2 Commonly used composition analysis techniques
1. Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES)
e Principle:

After the sample is dissolved, the plasma is used to excite the elements to emit characteristic
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spectra, and the element content is determined by analyzing the spectral intensity.
Advantages:

High detection sensitivity, capable of determining multiple elements simultaneously,
especially suitable for accurate analysis of trace impurities and main elements.
Application:

Suitable for quantitative detection of tungsten, nickel, iron and impurity elements in
tungsten alloy rings, widely used in quality control and formula verification.

2. X-ray fluorescence spectrometer (XRF)

Principle:

X-rays are used to excite the sample, and the intensity of the characteristic fluorescent X-
rays emitted by the elements is measured to determine the type and content of the elements.
Advantages

: No need to dissolve the sample, rapid detection, suitable for non-destructive analysis of
solid samples.

Application:

Used to quickly detect the main alloying elements and their approximate content in tungsten
alloy rings, suitable for rapid analysis on site or in production lines.

3. Oxygen, Nitrogen and Hydrogen Analyzer (ONH)

Principle:

High temperature combustion or pyrolysis method is used to measure the oxygen, nitrogen
and hydrogen content in the sample.

Advantages:

It can accurately determine difficult-to-control impurity elements and ensure the purity and
stable performance of the alloy.

Application

: Detect the content of oxygen, nitrogen, hydrogen and other impurities in tungsten alloy
rings to prevent the material performance from being reduced due to impurities.

4. Electron Probe Microanalysis (EPMA)

Principle:

The sample is excited by an electron beam, and the emitted characteristic X-rays are
analyzed to obtain the element distribution and content information in the micro area.
Advantages:

High spatial resolution, capable of detecting local composition and uneven element
distribution.

Application:

It is used to study the microscopic distribution of alloying elements and the degree of
alloying in tungsten alloy rings.

5. Mass spectrometry (such as ICP-MS)

Principle:
By ionizing the sample elements and measuring the ion mass, the element content is

quantitatively analyzed with extremely high sensitivity.

e Advantages
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: Detects extremely low concentration elements and is suitable for trace impurity analysis.
e Application:
Used for trace element detection of high purity tungsten alloy rings to ensure material purity.
4.2.3 Component Analysis Process
1. Sample Preparation
According to the test method requirements, the tungsten alloy ring samples are pre-treated
by cutting, grinding, dissolving or crushing to ensure that the sample is uniform and meets
the analysis standards.
2. Instrument calibration
uses standard samples or calibration solutions to calibrate the instrument to ensure accurate
and reliable test results.
3. Data Collection
Collect quantitative or qualitative data of elements according to standard test procedures.
4. Data processing and result analysis
are used to correct and calculate the collected data, and evaluate whether the composition
meets the specifications based on the alloy design requirements.
5. Report generation and quality feedback
Output detailed test reports as the basis for production adjustments and quality control.

4.2.4 Challenges and considerations of ingredient analysis

e Sample representativeness:
Since the material composition of tungsten alloy rings may have local differences, multi-
point sampling is required to ensure the representativeness of the analysis results.

¢ Detection limit and sensitivity
: High-sensitivity instruments are required for the detection of trace impurity elements to
avoid data deviation.

e The impact of sample preparation on results
Incomplete dissolution or contamination of samples will affect the accuracy of the results,

and the preparation process must be strictly controlled.

4.3 Mechanical properties test of tungsten alloy ring

tungsten alloy rings are directly related to their reliability and lifespan in various high-intensity and
harsh environments. Therefore, systematic and comprehensive mechanical property testing is a key
step in evaluating the quality and performance of tungsten alloy rings . This section focuses on the
commonly used mechanical property testing items, test methods, and standards for tungsten alloy

rings .

4.3.1 Importance of Mechanical Properties of Tungsten Alloy Rings

Tungsten alloy rings are usually used in the fields of nuclear industry, military industry, aerospace
and high-end machinery manufacturing. These applications have extremely high requirements on
the mechanical properties of materials such as strength, toughness, hardness, etc. Through
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mechanical property testing, you can:

Confirm whether the tungsten alloy ring meets the design conditions;

Understand the deformation and fracture behavior of materials in different environments;
Guide the optimization of material preparation process and improve comprehensive
performance;

Ensure product safety and stability.

4.3.2 Main mechanical properties test items

1. Tensile Strength
measures the maximum bearing capacity of a material under tensile load, reflecting the
ability of the tungsten alloy ring to resist breaking.

0 Test method: Use a standard tensile testing machine in accordance with ASTM ES8
or GB/T 228 and other specifications.

0 Sample preparation: According to the characteristics of the annular structure,
bending and stretching samples or cutting ring segments are often used to prepare
samples.

2. Yield Strength
indicates the stress value at which a material begins to undergo plastic deformation. It is a
key indicator used in design safety margin calculations.

0 The test standard is the same as that of tensile strength, and is determined by the
yield point in the tensile curve.

3. Fracture toughness
measures the ability of tungsten alloy rings to resist crack propagation and reflects the
toughness and fracture behavior of the material.

0 Test Method: Fracture toughness testing is performed using three-point bend or
compact tension specimens in accordance with ASTM E399.

0 Application: Particularly suitable for evaluating the safety performance of tungsten
alloy rings in the presence of impact or cracks.

4. Hardness
characterizes the ability of a material surface to resist plastic deformation and is commonly
tested using Rockwell hardness (HR), Vickers hardness (HV) or Brinell hardness (HB).

0 Testing equipment: hardness tester or microhardness tester.

o alloy rings with high hardness usually have excellent wear and scratch resistance.

5. Impact toughness
tests the material's ability to absorb energy under impact load and evaluates the material's
resistance to impact damage.

0 Test standard: Charpy impact test (ASTM E23) is used, and suitable specimens
must be specially designed.

6. Fatigue Strength
evaluates the durability of tungsten alloy rings under repeated cyclic loads.
0 Test method: Use a fatigue testing machine to perform rotational bending or
tension and compression fatigue tests.
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o alloy rings used in vibration or alternating load environments .

4.3.3 Mechanical properties testing process

1.

Sample Preparation: Due to its special shape,

tungsten alloy rings need to be cut or processed into standard size specimens according to
the test items to ensure the validity and comparability of the test results.

Equipment calibration and condition control

use test equipment that meets the standards and conduct tests at room temperature or
specified temperature to prevent environmental factors from affecting the results.

Data acquisition and processing

records stress-strain curves, impact energy and other data in real time, and calculates
performance indicators using standard methods.

Result evaluation and reporting

: Analyze the test data to determine whether it meets the design or industry standard

requirements and issue a detailed test report.

4.3.4 Standards and specifications

of tungsten alloy rings mainly refers to the following international and domestic standards:

ASTM standards

0 ASTM E8 (tensile test)

0 ASTM E23 (impact test)

0 ASTM E399 (fracture toughness)
GB/T standard

0 GB/T 228 (Tensile test methods for metallic materials)

0 GB/T 229 (Impact test method)

0 GB/T 6396 (fracture toughness test)
ISO standards

0 ISO 6892 (Tension testing of metals)

o ISO 148-1 (impact test)

4.3.5 Special Challenges of Mechanical Properties Testing

Sample preparation is difficult.

Tungsten alloy rings have complex shapes and high hardness, and processing them into
standard samples requires high-precision equipment and processes.

Testing equipment for high-density materials requires that

tungsten alloys have high density and high test loads, and the equipment must have
sufficient mechanical properties.

High temperature performance testing

Since tungsten alloy rings are often used in high temperature environments, mechanical

performance testing at high temperatures requires special heating and control systems.
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4.4 Microstructure and Defect Detection of Tungsten Alloy Ring

The microstructure and defects of tungsten alloy rings are key factors affecting their mechanical
properties, corrosion resistance, and service life. Microstructure observation and defect detection
provide insights into the material's internal structural characteristics and potential quality issues,
guiding process optimization and quality control. The following details microstructure analysis
methods and defect detection techniques for tungsten alloy rings .

4.4.1 Importance of Tungsten Alloy Ring Microstructure
Tungsten alloy rings are composed of high-density tungsten particles and bonding metals such as
nickel and iron. The uniformity of the microstructure, particle size, and interface bonding quality
directly affect its mechanical strength and durability. Good microstructure is manifested as:

e Tungsten particles are small and evenly distributed;

e The bonding phase is continuous and tightly bonded;

e There are no obvious internal defects such as holes and cracks.
Microstructural analysis helps to evaluate the degree of sintering densification, heat treatment
effects and material stability.

4.4.2 Microstructure analysis method
1. Optical microscopy (OM) observation
0 Observation was performed on sample slices after grinding, polishing and
corrosion treatment.
O tungsten particles, the uniformity of the binder phase and the porosity can be
identified .
0 Often used for preliminary macro-organizational evaluation.
2. Scanning electron microscopy (SEM) analysis
0 High-resolution observation of the microstructural details of the tungsten alloy
ring .
Particle boundaries, interface bonding states and tiny defects can be observed.
Energy dispersive spectroscopy (EDS) can be used to analyze component
distribution and identify impurities and second phases.
3. X-ray diffraction (XRD) testing
0 Used to analyze the crystal structure and phase composition of materials.
0 Determine the solid solution state and phase change of tungsten and other
elements .
0 Helps determine the effects of heat treatment and sintering of materials.
4. Transmission electron microscopy (TEM)
0 of nanoscale structures and grain boundaries.

0 Suitable for studying micro defects and lattice distortion of tungsten alloy rings .

4.4.3 Defect Detection Technology
1. Optical inspection

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved BiE/TEL: 0086 592 512 9696
IR IRA S CTIAQCD-MA-E/P 2024 iR CTIAQCD-MA-E/P 2018-2024V
www.ctia.com.cn sales@chinatungsten.com

% 38 W 3 73

=i


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

0 Macro defects such as surface and near-surface cracks and holes are discovered
through a microscope.
2. Ultrasonic Testing (UT)
o Ultrasonic waves can penetrate materials to detect internal defects such as pores
and cracks.
0 Suitable for non-destructive testing of thick-walled tungsten alloy rings .
3. X-ray/Computed Tomography (CT)
0 Highly sensitive detection of pores, inclusions and cracks inside materials.
0 It can realize three-dimensional defect imaging and accurately locate the defect
size and position.
4. Magnetic Particle Testing (MT)
0 Detection of surface and sub-surface cracks.
0 defect screening of magnetic tungsten alloy rings .
5. Penetrant Testing (PT)
0 Detect surface microcracks and holes, especially in non-magnetic materials.
0 Simple and fast, but only suitable for surface defects.

4.4.4 Effects of microstructure and defects on performance

e Porosity and cracks : reduce the density of the material, become stress concentration
points, and easily lead to fatigue fracture and strength loss.

e Particle agglomeration and uneven distribution : lead to local uneven mechanical
properties and reduce the overall performance consistency.

o Poor interface bonding : affects load transfer efficiency and reduces strength and
toughness.

e Precipitation of impurities and second phases : May cause corrosion and performance
degradation.

4.4.5 Quality Control and Process Optimization Recommendations

e  Optimize powder preparation and mixing processes to ensure uniform composition.

Control sintering temperature and time to improve densification level.

Use appropriate heat treatment process to improve microstructure and interface bonding.

Strengthen non-destructive testing to detect and eliminate defects in a timely manner.
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Quality cost: optimized design, optimal mold and processing mode, excellent cost
performance.

Advanced capabilities: advanced production equipment, RMI, ISO 9001 certification.
100,000+ customers

Widely involved, covering aerospace, military industry, medical equipment, energy industry,
sports and entertainment and other fields.

Service commitment

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

in 30 years!

Contact us

Email: sales@chinatungsten.com
Tel: +86 592 5129696
Official website: www.tungsten-alloy.com
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Chapter 5 Application Technology and Cases of Tungsten Alloy Rings

5.1 Application of Tungsten Alloy Rings in Aerospace

Tungsten alloy rings have become an indispensable material in the aerospace industry due to their
high density, high strength, and excellent high-temperature resistance. Their unique physical and
chemical properties make them important in a variety of key components and systems, ensuring the
safety, stability, and performance of aircraft.

5.1.1 Application of high-density counterweight rings
Aerospace has extremely high requirements for counterweight materials, which require precise
weight control and good high temperature and corrosion resistance. Tungsten alloy rings are an ideal
counterweight due to their high specific gravity and are commonly used in the following areas:
o Tungsten alloy rings can be used as rotor balance weights in inertial
measurement units (IMUs) to ensure the accuracy of gyroscopes and accelerometers, and
improve the stability and reliability of aircraft navigation.
e The balance block
of the flight control system , the aircraft control surface and the counterweight ring in the
servo effectively adjust the weight distribution, ensure the sensitivity and response speed
of the control surface, and improve flight performance.

5.1.2 High temperature wear-resistant rings
High temperature environments such as aircraft engines place extremely high demands on
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components for heat and wear resistance. Tungsten alloy rings have excellent high temperature
stability and wear resistance and are suitable for:
e Tungsten alloy rings for high temperature bearings in gas turbine engines
are used as bearings and seals. They can withstand high temperature and high speed
operation environments, reduce wear and extend component life .
e High-temperature guide rings and sealing rings
are used in the engine airflow guide system. Tungsten alloy rings effectively ensure sealing
performance and airflow stability, thereby improving engine efficiency.

5.1.3 Anti-radiation and shielding rings
Spacecraft and satellites are often exposed to strong cosmic radiation. Tungsten alloy rings are
widely used in:
e The spacecraft radiation shielding ring
protects electronic equipment and sensitive instruments from damage by high-energy
particles and radiation, ensuring stable operation of the equipment.
e Structural rings in nuclear power systems
In nuclear-powered spacecraft, tungsten alloy rings are used as neutron absorbers and
radiation shielding rings to enhance system safety.

5.1.4 Structural connections and high-strength fasteners
The high strength and high modulus mechanical properties of tungsten alloy rings make them
suitable for key structural connection components, including:
¢ the high-load connecting ring
withstands extreme mechanical loads and ensures the overall strength of the aircraft.
¢ Anti-vibration buffer rings
reduce vibration transmission, improving flight safety and ride comfort.

5.1.5 Typical Case Analysis

e A certain type of military satellite counterweight system
uses tungsten alloy rings as core counterweight components to achieve precise control of
satellite attitude and improve orbit adjustment efficiency.

o Tungsten alloy rings are used to replace traditional materials in high-temperature sealing
rings of a certain type of jet engine
, improving the sealing temperature resistance and extending the engine maintenance cycle.

e The spacecraft radiation protection device
combines tungsten alloy rings and composite materials to build a multi-layer protection
structure to effectively shield cosmic radiation.

5.2 Application of Tungsten Alloy Rings in Energy and Nuclear Industries

Tungsten alloy rings have become an irreplaceable and important material in the energy and nuclear

industries due to their high density, high strength, and excellent radiation and high temperature
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resistance. Their widespread use in key areas such as nuclear reactor structures, neutron absorbers,
and radiation shielding has greatly improved the safety, stability, and service life of nuclear facilities.

5.2.1 Neutron Absorption Rings in Nuclear Reactors
Tungsten alloy rings have strong neutron absorption capabilities and are often used in the control
and safety systems of nuclear reactors:
e In the manufacture of reactor control rods or safety rods, tungsten alloy
rings are important absorbing materials that effectively regulate the nuclear reaction rate
and ensure the stability and safety of reactor operation.
¢ Radiation shielding rings
are used around the core area of the reactor to prevent neutron and gamma ray leakage and
protect surrounding equipment and personnel from radiation hazards.

5.2.2 High-temperature structural rings
Many equipment in the nuclear industry operate in high temperature environments for a long time.
Tungsten alloy rings are widely used in:
¢ Nuclear fuel assembly support rings
are used to support and fix nuclear fuel rods, withstand radiation and thermal stress, and
ensure the structural integrity of the fuel assembly.
e High-temperature guide rings and seals
are used in nuclear reactor cooling systems and auxiliary equipment to ensure fluid
guidance and sealing performance, and improve equipment efficiency and safety.

5.2.3 Protective rings in radioactive waste handling equipment
Tungsten alloy rings play an important protective role in radioactive waste processing and storage
equipment:
¢ Radiation protection shielding rings
are made into various radiation shielding structures to effectively block high-energy
particles released by radioactive substances and ensure environmental safety.
e Corrosion-resistant protection rings
are used in key areas of waste storage containers to prevent material degradation caused by
corrosion and radiation.

5.2.4 Key components in nuclear power systems
Tungsten alloy rings are also used in the manufacture of key components in nuclear power plants,
such as nuclear submarines and nuclear aircraft carrier power systems:
e Dynamic balancing weights
ensure stable operation of rotating mechanical parts at high speeds.
e High-strength connections and sealing rings

withstand strong mechanical stress and radiation environments, ensuring system safety and

stability.
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5.2.5 Typical application cases

e tungsten alloy ring
of a nuclear power plant uses high-purity tungsten alloy rings to manufacture the core
components of the control rod, which can achieve precise control of nuclear reactions and
ensure the safe and stable operation of the power plant.

¢ The radiation shielding ring of nuclear waste storage tank is made of
tungsten alloy rings , which form a multi-layer protection structure to effectively isolate
radiation and extend the service life of the storage tank.

¢ The high-temperature sealing rings
of nuclear-powered ships maintain excellent sealing performance in high-temperature
environments, ensuring efficient and safe operation of the power system.

5.3 Application of Tungsten Alloy Rings in Mechanical Manufacturing and Military
Equipment

Tungsten alloy rings are widely used in machinery manufacturing and military equipment due to
their high density, high strength and excellent wear resistance. They play a key role in structural
support, counterweight and protection, and meet the stringent requirements for material
performance under complex working conditions.

5.3.1 Application of tungsten alloy rings in mechanical manufacturing

e High-strength mechanical bearing
rings are used to manufacture key components in high-load mechanical bearings. With their
excellent wear resistance and high density, they effectively improve the durability and
stability of bearings and adapt to heavy-load and high-speed operating conditions.

¢ Precision mechanical counterweight rings
utilize the high specific gravity of tungsten alloy to manufacture counterweight rings in
mechanical equipment to achieve dynamic balance of the machine, reduce vibration, and
improve the accuracy and stability of equipment operation.

e  Wear-resistant bushings and sealing rings
Tungsten alloy rings are often used to make bushings and sealing rings of vulnerable parts
in mechanical equipment due to their good wear resistance, extending the maintenance
cycle of the equipment and reducing operating costs.

o alloy rings are used to support and guide components in high-precision machine tools
to ensure the machining accuracy and stability of machine tools and meet the high standards

of material performance required by precision manufacturing.

5.3.2 Application of Tungsten Alloy Rings in Military Equipment
e armor-piercing projectile core ,
tungsten alloy ring is a core material in modern defense weapons because of its high
hardness and high density, which can improve the penetration and destructive effect.

e Inertial missile counterweight rings

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved BiE/TEL: 0086 592 512 9696
IR IRA S CTIAQCD-MA-E/P 2024 iR CTIAQCD-MA-E/P 2018-2024V
www.ctia.com.cn sales@chinatungsten.com

% 44 T H T3

=i


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

are used in missile inertial navigation systems. Tungsten alloy rings are used for precision
counterweights to ensure flight stability and guidance accuracy. They are essential key
components in high-end military equipment.

Protective Armor and Shielding Rings

Tungsten alloy rings are widely used in the armor structure of military vehicles and
equipment, providing efficient anti-penetration and anti-impact protection, and improving
the survivability of equipment.

Mechanical components in warheads and fire control systems

are used to manufacture precision mechanical rings in fire control systems, meeting the
high strength and high precision requirements in extreme environments and ensuring the
reliable operation of weapon systems.

5.3.3 Typical Military Cases of Tungsten Alloy Rings

tungsten alloy ring core of

a certain type of armor-piercing projectile adopts high-hardness tungsten alloy ring
material to improve the penetration power and kinetic energy conversion efficiency of the
armor-piercing projectile, effectively enhancing combat effectiveness.

tungsten alloy ring counterweight

for inertial navigation system. Tungsten alloy rings are precisely processed to achieve
counterweight uniformity and dimensional accuracy, ensuring the accuracy of missile
guidance systems.

alloy rings are used as a key component in the armored vehicle's protective structure

, significantly improving the armor's protective performance and durability.

5.4 Application of Tungsten Alloy Rings in Electronics and Medical Devices

Tungsten alloy rings , due to their high density, excellent mechanical properties, and superior

radiation resistance, are becoming a key functional component material in electronic devices and

medical equipment. They not only play an important role in improving product performance, but

also meet the stringent requirements of modern high-tech applications for material stability and

safety.

5.4.1 Application of Tungsten Alloy Rings in Electronic Devices

tungsten alloy shielding rings are often used as shielding materials in electronic devices
due to their excellent radiation resistance and electromagnetic shielding capabilities.
Especially in high-frequency and high-power devices, they can effectively reduce
electromagnetic interference (EMI) and ensure stable operation of the equipment.

The excellent thermal conductivity of tungsten alloy rings makes them an ideal choice for
heat dissipation structures in electronic devices. Through efficient thermal
conductivity and heat capacity, they help key components dissipate heat quickly and
improve the reliability and life of electronic systems.

COPYRIGHT AND LEGAL LIABILITY STATEMENT

Copyright© 2024 CTIA All Rights Reserved BiE/TEL: 0086 592 512 9696
IR IRA S CTIAQCD-MA-E/P 2024 iR CTIAQCD-MA-E/P 2018-2024V

www.ctia.com.cn sales@chinatungsten.com

% 45 T 3t 73

=i


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

e Tungsten alloy rings are used in the mechanical structure of precision
electronic instruments to perform positioning, support, and counterweight functions,
ensuring the operating accuracy and long-term stability of the instruments.

5.4.2 Application of Tungsten Alloy Rings in Medical Devices
e Tungsten alloy rings are widely used in radiotherapy equipment due to their high
density and excellent radiation shielding performance. They are used to prevent
radiation leakage and ensure the safety of medical staff and patients.

¢ Medical imaging equipment counterweights and stabilization rings
In medical imaging equipment such as CT and X-ray machines, tungsten alloy rings are
used to achieve mechanical balance and stability of the equipment, improving imaging
accuracy and operating sensitivity.

e Tungsten alloy rings are used in the mechanical parts of high-precision medical
instruments to provide wear-resistant and corrosion-resistant performance, meeting
the dual requirements of material hygiene and durability in the medical environment.

¢ Radioisotope packaging and protection components
Tungsten alloy rings serve as protection rings for radioisotope containers, playing an
important role in shielding and mechanical protection, ensuring the safety and stability of
isotopes in medical applications.

5.4.3 Typical Cases and Development Trends

e tungsten alloy shielding ring
of a radiotherapy device uses a high-density tungsten alloy ring to effectively reduce
radiation leakage and improve the protection level of the equipment.

¢ Tungsten alloy counterweight rings
for medical electronic instruments Precision-machined tungsten alloy rings are used in
instruments to ensure stable operation and measurement accuracy.

e new tungsten alloy functional rings
Tungsten alloy rings combine surface coatings and microstructure design to enhance their
multifunctional adaptability in electronic and medical devices, such as antibacterial, anti-
corrosion and high temperature resistance.
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Chapter 6 International Standards and Industry Specifications for Tungsten Alloy Rings

6.1 Main International Standards for Tungsten Alloy Rings

of tungsten alloy rings must comply with a series of international standards and industry

specifications to ensure that the quality, performance and safety of the products meet the needs of

the global market. The following is an overview of the main representative international standards

in the current tungsten alloy ring field :

6.1.1 ASTM (American Society for Testing and Materials) Standards

ASTM B777 — Standard Specification for

Tungsten and Tungsten Alloy Products . This standard covers the composition, properties,
manufacturing processes, and test methods of tungsten alloy materials. It defines the
technical requirements for mechanical properties, density, dimensional accuracy, and other
aspects of tungsten alloy rings and other products. It is widely adopted by manufacturers in
the United States and internationally.

ASTM E3 — Preparation of Metal Specimens

covers the sample preparation specifications for tungsten alloy rings for metallographic
analysis and microstructural observation, ensuring accurate and consistent material
performance evaluation.

ASTM E8/E8M — Metallic Material Tensile Testing Standard

applies to the mechanical properties testing of tungsten alloy rings , and specifies the
determination methods for key indicators such as tensile strength, yield strength, and
elongation after fracture.
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6.1.2 ISO (International Organization for Standardization) standards

ISO 9001 — Quality Management System

. This standard is widely adopted by tungsten alloy ring manufacturers to ensure that the
entire process of product quality, from design, procurement, production to delivery, is under
control and meets the quality requirements of international customers.

ISO 6507 — Metal Hardness Testing

covers the determination of Vickers hardness of tungsten alloy rings , ensuring accurate and
repeatable hardness testing.

ISO 6508 — Brinell Hardness Test for Metals

This standard is also used for testing the hardness of tungsten alloy rings , and is particularly

suitable for testing thicker rings.

6.1.3 MIL (U.S. Military Standard)

MIL-STD-810 — Environmental Engineering Considerations and Laboratory Test
Methods

Tungsten alloy rings are widely used in the military and acrospace fields and must meet the
stringent testing requirements of this standard for resistance to extreme environmental
conditions such as high and low temperatures, shock and vibration, and corrosion.
MIL-STD-883 — Microelectronic Device and Material Testing When

tungsten alloy rings are used in high-precision electronic component structures, relevant

performance tests must be carried out in accordance with this military standard .

6.1.4 Chinese National Standards (GB/T)

GB/T 3877 — Tungsten and Tungsten Alloy Materials

This is the basic standard for the domestic manufacturing and inspection of tungsten alloy
rings . It covers technical indicators such as composition, mechanical properties, and
dimensional tolerances, and promotes the improvement of the quality of domestic tungsten
alloy rings .

GB/T 14654 — Tensile test methods for metallic materials

specifies the technical requirements and test procedures for mechanical property testing of
tungsten alloy rings , ensuring that product performance meets design standards.

6.1.5 Industry standards and technical specifications

Aerospace material industry standards

Tungsten alloy rings used in the aerospace field usually need to comply with the AS9100
quality system requirements and relevant industry standards (such as SAE standards) to
ensure the safety and reliability of the material.

Nuclear Industry Material Specifications When

tungsten alloy rings are used in nuclear reactor protection structures, they must also comply
with nuclear industry-specific material specifications, such as relevant radiation protection

performance test standards.
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6.1.6 Environmental protection and safety regulations and standards

¢ RoHS Directive (EU Directive on Restriction of Hazardous Substances)
Tungsten alloy ring products must comply with RoHS environmental protection
requirements when entering the EU market, restricting the use of harmful elements such as
lead and mercury.

e Tungsten alloy ring manufacturers must comply with REACH regulations (EU
Registration, Evaluation, Authorisation and Restriction of Chemicals) to ensure the
compliance and safety of the chemical composition of their products.

6.2 Domestic Standards and Testing Specifications for Tungsten Alloy Rings

With the rapid development of China's tungsten alloy ring industry , establishing and improving a
standards system that conforms to national conditions has become an important measure to promote
technological advancement, ensure product quality, and promote market regulation. This section
focuses on the national standards (GB), industry standards (YS), and major testing specifications
related to tungsten alloy rings in China , providing a technical basis for manufacturing and
inspection.

6.2.1 National Standard (GB) for Tungsten Alloy Rings

e  GB/T 3877— Tungsten and Tungsten Alloy Materials
This standard specifies the chemical composition, mechanical properties, physical
properties and other technical indicators of tungsten alloy ring materials . It covers key
parameters such as tungsten content, density, hardness, and tensile strength to ensure the
stability and consistency of material performance. It is the basic standard for the testing and
acceptance of tungsten alloy ring materials in China .

e  GB/T 14654—Metallic Materials Tensile Test Methods
This standard specifies in detail the mechanical property test methods for tungsten alloy
rings , ensuring accurate and uniform testing of performance indicators such as tensile
strength, yield strength, and elongation after fracture.

e GB/T 10561—Maetallic Materials Hardness Test Vickers Hardness Method
is applicable to the determination of tungsten alloy ring hardness . It provides test
conditions, measurement procedures and data processing methods to ensure the scientific
nature and comparability of hardness testing.

e GB/T 11345—Nondestructive Testing Ultrasonic Testing Methods provides technical
specifications for ultrasonic testing of internal defects in
tungsten alloy rings . It is suitable for detecting hidden defects such as pores and cracks
inside the ring material , thereby improving the quality control level of the product.

6.2.2 Industry Standard for Tungsten Alloy Rings (YS)
e YS/T 200 series - tungsten alloy and its products industry standards
are formulated by the national nonferrous metals industry. They cover the material

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved BiE/TEL: 0086 592 512 9696
IR IRA S CTIAQCD-MA-E/P 2024 iR CTIAQCD-MA-E/P 2018-2024V
www.ctia.com.cn sales@chinatungsten.com

%49 T H# 73

=i

)


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

specifications, performance requirements and test methods of tungsten alloy rings , and
refine the technical indicators of tungsten alloy rings for different purposes . They are
suitable for key industries such as military and aviation.

YS/T 415—Tungsten Alloy Ring Dimensions and Tolerances Standard

specifies the testing requirements for the geometric dimensions, wall thickness uniformity,
and coaxiality of tungsten alloy rings to ensure product processing accuracy and assembly
performance.

6.2.3 Main testing specifications and technical requirements

Chemical composition analysis

uses spectral analysis (such as ICP-OES), X-ray fluorescence spectroscopy (XRF) and
element analyzer (ONH analysis) to ensure that the content of tungsten, nickel, iron and
impurity elements in tungsten alloy rings meets the standard requirements.

Physical property testing is

carried out by density measuring instruments, microstructure analysis (optical microscope,
scanning electron microscope SEM), etc. to evaluate the density and internal structure of
the material.

Mechanical performance tests

include tensile tests, hardness tests (Vickers, Rockwell , Brinell hardness) and impact tests,
which are strictly carried out in accordance with relevant GB/T standards to ensure that the
tungsten alloy rings have the required strength and toughness.

Non-destructive testing technology

uses ultrasonic testing, X-ray testing, magnetic particle testing and other means to evaluate
the internal and surface defects of tungsten alloy rings to ensure the integrity and reliability
of the product.

Surface quality inspection

uses a three-dimensional profilometer and roughness meter to test surface roughness and
coating adhesion to ensure that the surface treatment process meets the design requirements
and improve the durability and functionality of the ring material .

6.2.4 Quality Management System and Certification

ISO 9001 Quality Management System

Most domestic tungsten alloy ring manufacturers have passed ISO 9001 certification,
ensuring standardized production processes and quality control, and guaranteeing product
quality from the source.

Industry-specific certification

is aimed at special application fields such as aviation and military industry. Enterprises
must comply with corresponding quality management standards, such as AS9100
certification in the aviation field, to meet strict safety and reliability requirements.

6.3 Quality Standards of Tungsten Alloy Rings Made by CTIA GROUP
As aleading company in China's tungsten alloy industry, CTIA GROUP boasts extensive experience
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and advanced technology in the research, development, and manufacturing of tungsten alloy rings.

The company develops and implements quality standards for tungsten alloy rings in strict

accordance with national and industry regulations. This system, combined with years of technical

expertise and customer needs, has resulted in a comprehensive and competitive quality control

system.

6.3.1 Material composition and process standards

CTIA GROUP uses

high-purity tungsten powder and high-quality nickel, iron and other alloying elements to
ensure the chemical composition of the tungsten alloy ring is stable. The impurity content
is strictly controlled at the industry-leading level to ensure the uniformity and reliability of
material performance.

Composition testing

uses advanced analytical instruments such as ICP-OES and XRF to accurately detect alloy
elements to ensure that each batch of materials meets the designed ratio and meets product
performance requirements.

The process specifications

adopt independently developed powder metallurgy technology, sintering technology and
precision machining process to ensure that the density, mechanical properties and
dimensional accuracy of tungsten alloy rings reach the international advanced level.

6.3.2 Performance index standards

Density and Compactness The actual density of

the tungsten alloy ring is close to more than 98% of the theoretical density, and the high
level of densification ensures that the product has excellent mechanical strength and stable
physical properties.

tungsten alloy rings manufactured by Zhongtung Intelligent

Manufacturing meet or even exceed the GB and YS industry standards. The hardness is
controlled within the ideal range to meet the requirements of high-load and high-strength
applications.

Dimensions and Tolerances:

Product dimensional accuracy is strictly controlled within £0.01mm, and wall thickness
uniformity and coaxiality meet the precision assembly requirements of high-end equipment.

6.3.3 Surface quality and defect control

Surface roughness The inner and outer surfaces of the

tungsten alloy ring undergo multiple polishing and processing procedures, and the surface
roughness Ra value is controlled within 0.2um, ensuring good contact performance and
wear resistance.

Defect detection

uses a variety of non-destructive testing technologies such as ultrasound, X-rays, and CT
scans to ensure the absence of internal and external defects such as pores, cracks, and
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inclusions, thereby improving product reliability and service life.

6.3.4 Quality Management System

Full-process quality control

CTIA GROUP implements a three-level quality management system consisting of
incoming raw material inspection, process quality monitoring, and outgoing finished
product inspection. It is equipped with modern testing instruments and automated
monitoring equipment to ensure product quality in real time.

Certification System

The company has passed ISO 9001, AS9100 and other international quality management
system certifications. Some products comply with RoHS and REACH environmental
protection requirements, ensuring that the products meet the compliance standards of the
global market .

6.3.5 Customer Customization and Response to Special Requests

Customized services

are targeted at high-end fields such as aerospace, nuclear energy, and military industry.
CTIA GROUP can adjust alloy composition, process parameters, and quality indicators
according to customers' special needs and provide personalized tungsten alloy ring
solutions .

Technical Support

We have a professional R&D and quality control team to provide customers with technical
consultation, testing support and after-sales service to ensure the performance stability and
safety of tungsten alloy ring products in actual applications.
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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 Market and Economic Analysis of Tungsten Alloy Rings

7.1 Global Market Landscape of Tungsten Alloy Rings

tungsten alloy rings are widely used in high-end fields such as aerospace, military, nuclear energy,
and medical due to their excellent density, strength, and high-temperature resistance. With the rapid
development of the global high-tech manufacturing industry, the tungsten alloy ring market has
shown a multi-level and multi-regional pattern, which is mainly reflected in the following aspects:

7.1.1 Global tungsten resource distribution and supply chain impact

Global tungsten resources are primarily concentrated in countries such as China, Russia, Vietnam,
Canada, and Austria. China, as the world's largest tungsten ore producer and producer, dominates
the global tungsten market, accounting for over 80% of global production. China's abundant
tungsten resources provide a solid raw material base for global tungsten alloy ring production.

At the same time, the geographical distribution of resources has a significant impact on the supply
chain of tungsten alloy rings . The concentration of tungsten ore resources has brought about
fluctuations in raw material prices and supply risks, prompting countries to accelerate the strategic
reserve and recycling of tungsten resources, promoting the stable development of the tungsten alloy
ring industry chain.

7.1.2 Major production areas and industrial clusters

tungsten alloy rings are located in provinces such as Guangdong, Jiangsu, Hunan, and Jiangxi in
China, as well as in selected high-end manufacturing companies in Europe, the United States, Japan,
and South Korea. These regions have formed a complete tungsten alloy production industry chain,
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establishing an efficient manufacturing system from tungsten powder preparation, alloy smelting,
powder metallurgy, to precision machining.

Chinese companies, leveraging their resource advantages and cost control, dominate the mid- and
low-end tungsten alloy ring market. Europe, the United States, Japan, and South Korea, on the other
hand, focus more on the R&D and manufacturing of high-end tungsten alloy rings , emphasizing
technological innovation and quality control, resulting in a differentiated competitive landscape.

7.1.3 Market Demand Structure and Terminal Industry Distribution
tungsten alloy rings mainly comes from the following key areas:

e Aerospace : Used for high-strength counterweights, inertial navigation equipment, and
high-temperature structural components, which require extremely high material
performance and reliability.

e Military industry : Tungsten alloy rings are widely used in armor-piercing projectile cores,
missile tail components and high-strength mechanical parts , reflecting its importance in
high-performance weapon systems.

o Nuclear energy industry : Tungsten alloy rings are used as shielding materials and
structural components, and have excellent radiation protection and high temperature
resistance properties.

o Medical equipment : The demand for protective and positioning structures in radiotherapy
equipment is growing rapidly, driving the expansion of the tungsten alloy ring market.

e Precision machinery and electronics : Tungsten alloy rings are used in high-precision
mechanical parts and electronic heat dissipation structures, and continue to grow with the
upgrading of the electronics industry.

7.1.4 Competition Landscape and Market Concentration

The tungsten alloy ring market is highly concentrated, with leading Chinese companies such as
CTIA GROUP and China Molybdenum Co., Ltd. (CMOC) leading the market share, fostering a
close collaboration between upstream and downstream sectors of the industry chain. Internationally
renowned companies, leveraging their technological advantages and brand influence, dominate the
high-end market segment.

With the improvement of technical barriers and the strengthening of environmental protection
requirements, the market entry threshold is gradually increasing. Emerging companies need to
strengthen R&D investment and quality management in order to gain a place in the fierce
competition.

7.1.5 Market Development Trends and Challenges
¢  Green manufacturing and environmental pressure : The production process of tungsten
alloy rings has high energy consumption and heavy environmental burden, which drives
companies to accelerate the research and development of green processes and recycling
technologies.
¢ Driven by technological innovation : New materials and new processes (such as nano-

strengthening and additive manufacturing ) continue to emerge, promoting the performance
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upgrade and application expansion of tungsten alloy rings .

Global supply chain adjustments : Changes in geopolitics and trade policies have affected
the supply of tungsten resources and product exports, prompting companies to diversify
their layout.

Terminal demand upgrade : High-end manufacturing industry places higher requirements
on the precision, strength and special performance of tungsten alloy rings , driving the
market to develop in the direction of high added value.

7.2 Analysis of Major Producing Countries and Supply Chain of Tungsten Alloy Rings

As a key component of high-performance tungsten-based materials , tungsten alloy rings

A\l

production and supply chain are deeply influenced by the global distribution of tungsten resources,

technological advancements, and the overall industrial chain. This section will provide a detailed

analysis of the major tungsten alloy ring producing countries and their supply chain characteristics.

7.2.1 Overview of major producing countries

China

is the world's largest owner and producer of tungsten resources , controlling over 80% of
tungsten ore reserves. China 's tungsten alloy ring production technology and output are
among the highest in the world. Chinese tungsten alloy ring manufacturers are primarily
concentrated in Luoyang, Henan Province, Ganzhou, Jiangxi Province, and Dongguan,
Guangdong Province. They have formed a comprehensive industrial chain encompassing
raw material mining, tungsten powder smelting, alloy powder preparation, molding and
sintering, precision machining, and surface treatment.

Leveraging resource advantages and cost control, Chinese companies have a dominant
position in the mid- and low-end markets. They are also actively promoting high-end
technology research and development to narrow the gap with international advanced
technologies.

Russia

boasts abundant tungsten ore resources and considerable advantages in tungsten-based
material smelting and alloy preparation technologies. Its tungsten alloy ring production is
primarily focused on the military and aerospace sectors, with products emphasizing high
performance and reliability. While Russian companies typically use imported tungsten
powder for further processing, they have also strengthened their independent R&D
capabilities in recent years.

The United States

has limited tungsten resources and relies primarily on imported raw materials for tungsten
alloy rings . However, the United States leads the world in high-end alloy design and
precision manufacturing technology. American manufacturers primarily serve high-end
markets such as the military, acrospace, and nuclear industries, emphasizing refined product
performance and reliability. The United States is actively promoting the localization of the

tungsten alloy tube industry chain to reduce external dependence.
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countries (such as Germany, France, and Austria) have limited

tungsten resources, but possess advanced materials science research and high-precision
manufacturing capabilities. German and French tungsten alloy ring manufacturers
primarily focus on high-value-added products, particularly in the aerospace and medical
device sectors. Austria, as a significant supplier of tungsten alloy materials, also provides
high-quality tungsten powder and semi-finished products to the European market.

Japan and

South Korea, despite being resource-poor, have developed a distinctive tungsten alloy ring
manufacturing industry, leveraging their strong industrial base and technological R&D
capabilities. These products are primarily used in electronics, communications, and high-

end machinery, emphasizing microstructure control and functional composite performance.

7.2.2 Supply Chain Structure Analysis

The tungsten alloy ring supply chain mainly covers the following key links:

The supply chain

begins with the mining of tungsten ore and the production of tungsten powder. Global
tungsten resources are concentrated, and the quality and purity of tungsten ore directly
impact the performance of tungsten powder. Some countries ensure a stable supply of raw
materials through strategic reserves and resource cooperation.

Tungsten powder preparation and alloy powder preparation.

Controlling the particle size, purity, and morphology of tungsten powder is the basis for
determining the properties of the alloy. Subsequent uniform mixing and proportioning with
binder metals such as nickel, iron, and copper is the core step of powder metallurgy
preparation.

Molding

techniques (such as die pressing and isostatic pressing) and sintering processes directly
determine the density, microstructure, and performance of tungsten alloy rings . Different
manufacturers choose different process routes to optimize product quality based on market
demand.

Tungsten alloy rings are often processed

through precision turning, grinding, and polishing to ensure dimensional and surface
quality control. Surface treatments such as electroplating and PVD coating can further
enhance corrosion and wear resistance.

Tungsten

alloy rings are often high-value, technology-intensive commodities, requiring strict
protection, moisture resistance, and oxidation resistance during transportation and storage.
In international trade, export regulations and certification compliance also impact supply

chain efficiency.

7.2.3 Supply Chain Advantages and Challenges

Advantages
0 China has significant resource advantages and a complete supply chain that can
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meet the needs of large-scale production.

0 such as Russia and the United States have rich technological accumulation and the
ability to manufacture high-end products.

0 European, Japanese and South Korean countries are leading in high-end
manufacturing and materials innovation, driving technological progress.

challenge

O tungsten resources brings supply risks, which are particularly evident when
international trade is tense.

0 The high energy consumption and environmental pressures in the supply chain are
increasing, and green manufacturing urgently needs a breakthrough.

0 There is fierce competition in the technological barriers and high-end application
markets, and insufficient product differentiation may affect profit margins.

7.3 Price Trend and Cost Structure of Tungsten Alloy Rings

tungsten alloy rings is influenced by a variety of factors, including fluctuations in the raw material

market, the complexity of the manufacturing process, and changes in end-use application

requirements. Understanding the price trends and cost structure of tungsten alloy rings is crucial for

companies to formulate reasonable production strategies and market planning.

7.3.1 Price Trend Analysis of Tungsten Alloy Rings

Raw material price fluctuations drive

tungsten alloy rings . Tungsten powder is the core raw material for tungsten alloy rings, and
fluctuations in tungsten ore prices directly impact tungsten powder costs. In recent years,
global tungsten resources have been impacted by factors such as mining policies,
environmental restrictions, and geopolitical influences, leading to cyclical fluctuations in
tungsten ore prices. For example, during periods of tight supply, tungsten ore prices soar,
driving up the prices of tungsten powder and alloy products. Conversely, prices fall when
market supply is abundant.

Furthermore, price fluctuations in alloying elements such as nickel and iron also impact
costs, especially during periods of significant price volatility in the international metals
market.

The impact of technological and process upgrades:

With the continuous advancement of tungsten alloy ring manufacturing technology, the
performance of products using advanced sintering, heat treatment, and surface modification
processes has been significantly improved, but the corresponding manufacturing costs have
also increased. The price of high-end tungsten alloy rings has generally shown an upward
trend, reflecting the increase in technological content and added value.

End-market demand is driving growth in demand for high-performance

tungsten alloy rings in the aerospace, nuclear, military, and medical sectors. This has
increased demand for high-quality products and driven price increases. This is particularly
true in the high-end custom and special performance alloy ring markets, where prices are
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more flexible and have room for growth.

e International trade and policy impacts, including
trade restrictions, tariff adjustments, and strengthened environmental protection policies,
have also, to a certain extent, pushed up the market price of tungsten alloy rings . Export
controls and the passing on of environmental protection costs are common factors in price
fluctuations.

7.3.2 Cost Structure Analysis of Tungsten Alloy Rings
tungsten alloy rings is mainly composed of the following parts:

¢ Raw material costs (accounting for approximately 60%-75%)
are the largest component of tungsten alloy ring costs . This includes the procurement costs
of tungsten powder, nickel, iron, and other alloying elements. The purity, particle size, and
supply stability of tungsten powder directly impact overall costs. The scarcity and difficulty
of tungsten mining lead to significant fluctuations in raw material costs.

¢ Processing and manufacturing costs (accounting for approximately 15%-25%)
include powder metallurgy molding, sintering, heat treatment, and machining. High-
precision processing requires high equipment investment and technical personnel costs, and
products with complex shapes or special properties are even more expensive to
manufacture.

¢ Surface treatment and testing costs (accounting for approximately 5%-10%):
To ensure the corrosion resistance and mechanical properties of tungsten alloy rings ,
surface polishing, electroplating, PVD coating, and other treatments are usually required.
In addition, strict quality inspection, non-destructive testing, and performance verification
also increase costs.

¢ Management and logistics costs (accounting for approximately 5%)
include production management, environmental compliance fees , packaging,
transportation, and warehousing. Tungsten alloy rings are often high-value, technology -
intensive materials with demanding logistics and transportation requirements, and
packaging and protective measures add additional costs.

7.3.3 Price Trend Summary and Future Outlook

Overall, tungsten alloy ring prices are experiencing a structural upward trend, driven by the
combined influence of global tungsten resource supply and demand, manufacturing technology
advancements, and end-market demand. Raw material prices are the dominant factor, with
fluctuations in tungsten powder prices, in particular, having a significant impact on the tungsten
alloy ring market.

In the future, with the advancement of tungsten resource development technology and the progress
of research on alternative materials, raw material costs are expected to stabilize. At the same time,
the intelligentization and automation of manufacturing processes will reduce processing costs and
improve production efficiency. Growing market demand for high-performance tungsten alloy rings ,
particularly in the new energy, aerospace, and high-end equipment sectors, suggests that tungsten
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alloy ring prices will maintain reasonable room for growth.

Enterprises should pay close attention to the dynamics of the raw material market, optimize the cost
structure, strengthen technological innovation and product differentiation, so as to maintain price
advantages and profit margins in the fierce market competition.
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Chapter 8 Future Development Trend of Tungsten Alloy Ring

8.1 New Materials and Alloy Systems for Tungsten Alloy Rings

With the continuous advancement of science and technology and the diversification of application
needs, tungsten alloy ring materials are developing towards high performance, functionality and
diversification. The research and development of new materials and alloy systems has become a key
factor in promoting the future development of tungsten alloy rings , which is specifically manifested
in the following aspects:

1. Development of High-Performance Multi-element Alloy Systems.

Traditional tungsten alloy rings are primarily based on tungsten-nickel-iron or tungsten-nickel-
copper alloy systems. To meet the demand for higher strength, improved toughness, and specialized
physical properties, researchers have begun exploring multi-element alloy systems that incorporate
additional elements, such as molybdenum , titanium, niobium, and chromium. These new alloys not
only improve the overall mechanical properties of tungsten alloys, but also enhance their heat
resistance, corrosion resistance, and radiation resistance, expanding the application range of
tungsten alloy rings in extreme working conditions.

2. Nanostructured and functionally gradient alloy systems

significantly enhance the performance of tungsten alloy rings through nanograin strengthening and
microstructural design . Nanostructured alloys improve strength and toughness by refining grains
and inhibiting crack propagation. Furthermore, functionally gradient alloys achieve spatial variation
in material properties, such as the integration of a high-hardness layer on the surface and a tough

core layer. This meets the multiple performance requirements of complex service environments and
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significantly enhances the durability and reliability of tungsten alloy rings .

3. Composite Materials and Multiphase Alloy Systems:

New tungsten alloy rings incorporate ceramic phases (such as carbides and nitrides) or other metallic
phases to create a metal-ceramic composite structure. This multiphase alloy system combines the
toughness of metal with the high hardness and wear resistance of ceramics. It is suitable for extreme
applications requiring high strength, high wear resistance, and high-temperature stability, extending
the overall performance of tungsten alloy rings .

4. High Thermal Conductivity, High Electrical Conductivity, and Antimagnetic Alloy Design:
To meet the demand for functional materials in fields such as electronics cooling and aerospace, the
new tungsten alloy ring material system also focuses on optimizing thermal, electrical, and magnetic
properties. By rationally controlling the alloy composition and microstructure, high thermal
conductivity, excellent electrical properties, and specific magnetic response are achieved, meeting
the diverse material performance requirements of specialized applications.

5. Green and Eco-Friendly Alloy Materials:

With increasingly stringent environmental regulations, the development of tungsten alloy ring
materials with low environmental impact, easy recycling, and compliance with RoHS and REACH
standards has become a key focus. New alloy systems not only emphasize performance
improvements but also focus on material lifecycle management and sustainable development,
driving the green transformation of the tungsten alloy ring industry .

8.2 Advanced Manufacturing Technology of Tungsten Alloy Rings ( Additive Manufacturing ,
etc.)

With the continuous innovation of manufacturing technology, the traditional tungsten alloy ring
manufacturing process is undergoing revolutionary changes. Advanced manufacturing technologies,
especially emerging processes such as additive manufacturing (3D printing), precision hot isostatic
pressing, and powder injection molding, are bringing unprecedented flexibility and efficiency to the
design and production of tungsten alloy rings . The following are the main development directions
and application characteristics of current and future tungsten alloy ring manufacturing technologies:

1. Application of additive manufacturing technology in tungsten alloy rings

Additive manufacturing technology, especially powder bed melting technologies such as selective
laser melting (SLM) and electron beam melting (EBM), can directly form complex geometric
shapes of tungsten alloy rings , greatly reducing material waste and process complexity in traditional
processing. Specific advantages include:

e Complex structure one-piece molding : Through layer-by-layer stacking, complex
internal channels, porous structures and lightweight designs that are difficult to process
with traditional processes are achieved, thereby improving the functional integration of
tungsten alloy rings .

¢ Rapid iteration and customized production : Adapt to the production needs of small
batches and multiple varieties, support rapid design modification and production based on

customer customization, and realize personalized manufacturing.
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e High material utilization rate : Tungsten alloy powder is directly formed, which
significantly reduces waste generation and processing costs, and has obvious green
manufacturing effects.

However, the high melting point, high density and thermal conductivity of tungsten alloy powder
place stringent demands on additive manufacturing equipment and processes. Process parameter
optimization and subsequent heat treatment remain research focuses.

2. Optimization of precision hot isostatic pressing (HIP) technology

Hot isostatic pressing (HIP) achieves high densification of tungsten alloy rings through the uniform
action of high-temperature, high-pressure gas, eliminating internal porosity and defects, and
significantly improving mechanical properties and durability. In recent years, the HIP process,
combined with powder metallurgy and heat treatment technologies, has driven continuous
breakthroughs in the performance of tungsten alloy rings , particularly in high-temperature
durability and fatigue life.

3. Promotion of powder injection molding (PIM) technology

Powder injection molding (PIM) combines powder metallurgy with plastic injection molding (PIM)
techniques, making it suitable for manufacturing complex, high-precision tungsten alloy rings. PIM
offers advantages such as high forming efficiency, excellent surface quality, and minimal post-
processing steps, and has been gradually adopted in the mass production of high-end tungsten alloy

rings .

4. Composite manufacturing and multi-material integration technology

In the future, tungsten alloy ring manufacturing will develop towards multi-material composite
integration. By combining additive manufacturing with traditional machining, functionally graded
structures and surface enhancement coatings can be collaboratively manufactured. This composite
manufacturing technology can give tungsten alloy rings superior overall performance, meeting the

needs of extreme environment applications such as aerospace, nuclear energy, and medical.

5. Intelligent manufacturing and digital process control

With the advancement of Industry 4.0, intelligent manufacturing technologies are incorporating
sensor monitoring, real-time data feedback, and Al optimization algorithms to achieve precise
control and quality tracking during the tungsten alloy ring production process . Digital design and
simulation technologies are also accelerating the development cycle and process optimization of

new tungsten alloy rings .

8.3 Tungsten Alloy Ring Recovery and Recycling Technology

With the increasing scarcity of tungsten resources and stricter environmental regulations, the
recycling and reuse of tungsten alloy rings has become a key link in ensuring sustainable resource
utilization and reducing production costs. The recycling of tungsten alloy rings not only helps to

conserve strategic metal resources, but also reduces environmental pollution and promotes the
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development of green manufacturing. The following are the main technologies and trends in the

recycling and reuse of tungsten alloy rings :

1. Importance of Tungsten Alloy Ring Recovery

Tungsten is a rare metal with limited reserves and uneven distribution. Recycling and
utilization can effectively alleviate the pressure on tungsten resource supply.

Tungsten alloy rings generally contain a high proportion of tungsten elements. If they are
not recycled after being discarded, a large amount of precious metal will be wasted.
Recycling helps reduce the environmental burden of ore mining and smelting during the
production of tungsten alloys, and is in line with the concept of sustainable development.

2. Main ways to recycle tungsten alloy rings

Mechanical recycling

involves cutting, crushing, and other mechanical methods to initially process waste
tungsten alloy rings , obtaining reusable tungsten alloy particles or powder. This method is
suitable for tungsten alloy ring waste with intact structure and low pollution .

Chemical recycling

utilizes chemical methods such as acid leaching and alkali fusion to dissolve the tungsten
element from the tungsten alloy ring. Through precipitation and purification processes,
high-purity tungsten compounds or metallic tungsten are obtained. This method is suitable
for recycling complex mixed waste and can effectively remove impurities.

Heat treatment recycling

uses high-temperature smelting and roasting to recover tungsten and alloying elements
from tungsten alloy rings , achieving metal recovery and alloy regeneration. This method
requires high purity of the waste and requires large equipment investment.

3. Challenges of Tungsten Alloy Ring Recovery Technology

Tungsten alloy rings contain alloy elements such as nickel and iron. During the recycling
process, it is necessary to effectively separate tungsten from other metals to ensure the
purity and performance of the recycled materials.

Scrap tungsten alloy rings may contain coatings, impurities, and contaminants, adding
complexity and cost to the recycling process.

The environmental impact of the recycling process needs to be strictly controlled to avoid
secondary pollution.

4. Development trends of advanced recycling technologies

Green recycling processes

promote low-energy, harmless chemical recycling technologies, such as bioleaching
technology, to reduce the use of harmful chemicals and achieve environmentally friendly
recycling.

High-efficiency separation technology

combines multiple technologies such as magnetic separation, flotation and electrochemical
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separation to improve the separation efficiency and recovery rate of tungsten and alloying
elements.

e Tungsten alloy powder recovered by material remanufacturing technology can be
directly used in
advanced preparation technologies such as additive manufacturing and powder injection
molding, realizing closed-loop utilization of materials.

¢ Intelligent recycling management
uses the Internet of Things and big data technologies to achieve tracking, sorting and quality
control of the entire recycling process of waste tungsten alloy rings , and improve the

scientific management level of the recycling system.

8.4 Potential Applications of Tungsten Alloy Rings in Cutting-Edge Technology

With the continuous advancement of materials science and high-end manufacturing technology,
tungsten alloy rings have shown broad application potential in many cutting-edge scientific and
technological fields due to their excellent physical and chemical properties. The following discusses
the potential innovative applications of tungsten alloy rings from several important scientific and

technological directions :

1. High-performance aerospace and deep space detection equipment

Tungsten alloy rings , due to their high density, high strength, and excellent high-temperature
resistance, are suitable for use in spacecraft inertial mass blocks, attitude control weights, and
sealing and connection components in high-temperature environments. Future deep space
exploration missions will require materials with even higher adaptability to extreme environments,
and tungsten alloy rings can provide critical structural and functional support for spacecraft.

2. Nuclear fusion and high-end nuclear energy equipment

In nuclear fusion reactors and advanced nuclear energy devices, materials must withstand intense
radiation, extreme temperatures, and corrosive environments. Tungsten alloy rings, with their
excellent radiation shielding capabilities and thermal stability, can be used in structural components,
shielding rings, and neutron absorbers within nuclear reactors, contributing to the controlled
development of nuclear fusion technology.

3. Applications in quantum computing and high-precision instruments

Quantum computers and high-precision measuring instruments place extremely high demands on
materials for electromagnetic shielding, thermal expansion coefficient, and mechanical stability.
Tungsten alloy rings ' low thermal expansion coefficient and excellent electromagnetic shielding
make them ideal materials for shielding structures and mechanical supports in quantum devices,

effectively improving system stability and computational accuracy.

4. Microelectronics and semiconductor manufacturing equipment
Tungsten alloy rings are used as high-density, stable counterweights and high-temperature, wear-
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resistant components in microelectronics manufacturing equipment, supporting precise motion
control and long-term stable operation. Furthermore, tungsten's corrosion resistance can extend the
service life of key components and improve overall production line efficiency.

5. High-end medical equipment and radiotherapy systems

tungsten alloy rings make them suitable for use in precision positioning devices and radiation
shielding rings in radiotherapy equipment, ensuring the safety and accuracy of treatment. As medical
technology develops towards minimally invasive and precise treatment, tungsten alloy rings will

play a greater role in medical devices.

6. New Energy and Energy Storage Systems

In hydrogen energy, fuel cells, and advanced energy storage systems, tungsten alloy rings can be
used as structural strength members and electromagnetic shielding components to enhance system
safety and durability. Their high-temperature resistance and corrosion resistance also ensure the

long-term and stable operation of new energy equipment.

7. Additive manufacturing and intelligent manufacturing equipment

Tungsten alloy rings are suitable for key components in additive manufacturing (3D printing)
equipment, supporting the precise manufacture of complex parts. The rapid response and high
performance demands of materials in the intelligent manufacturing field have led to the widespread

application of tungsten alloy rings in automated equipment.
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Appendix

Appendix 1 : Common physical and chemical data of tungsten alloy rings

This appendix summarizes the physical and chemical properties data commonly used in the design,

manufacturing and application of tungsten alloy rings for reference by engineers, technicians and

researchers to facilitate material selection, process optimization and performance evaluation.

Parameter
Category
Physical

properties

Mechanical

properties

project

Density (g/cm?)

proportion

Melting point (°C)

Thermal expansion coefficient
(x10¢/K)
Thermal
m-K)
Conductivity (% IACS)
Tensile strength (MPa)

conductivity  (W/

Yield strength (MPa)

Fracture toughness

Typical value
range

17.0-18.8

17.0-18.8

3422

4.5-6.0

100 - 150

5-15
500 -900

300 —-700
10-25

Remark

depending on tungsten content and
alloy composition

Equivalent to density

Melting point of tungsten

Different alloy systems have slight
differences

Varies depending on alloy
composition

Influence of nickel and iron content
Depends on alloy ratio and heat

treatment process

COPYRIGHT AND LEGAL LIABILITY STATEMENT

Copyright© 2024 CTIA All Rights Reserved
FREX R A S CTIAQCD-MA-E/P 2024 fik

www.ctia.com.cn

% 67 T 3t 73

=i

BiE/TEL: 0086 592 512 9696
CTIAQCD-MA-E/P 2018-2024V

sales@chinatungsten.com



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

(MPa-m'/?)

Hardness (HV) 200 —350 According to different ingredients and
processes
chemical Tungsten content (W, %) 85-98 Different alloy types
composition Nickel content (Ni, %) 1-12
Iron content (Fe, %) 1-12
Other alloying elements 0-3 Such as copper, molybdenum , etc.
Oxygen content (O, ppm) <100 Affects brittleness and mechanical
properties
Carbon content (C, ppm) <50
surface properties = Surface roughness (Ra, pm) 0.1-1.0 According to processing technology
Surface coating thickness @ 1-50 Depending on the coating type
(pm)

Remark:

o The above data are typical values. The specific performance is affected by factors such as
alloy composition, preparation process, heat treatment and use environment.

e The physical performance parameters are applicable to room temperature conditions and
need to be adjusted according to the actual use environment.

e The impurity content in the chemical composition has a great influence on the performance
of tungsten alloy rings and needs to be strictly controlled.

e Surface characteristic parameters mainly refer to the state after processing or coating, which
affects the service life and functional performance.
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Appendix 2: Comparison table of international standards for tungsten alloy rings

This appendix summarizes the main international standards related to tungsten alloy rings , covering

material specifications, performance testing, quality control and application specifications, for the

convenience of reference for engineers and quality management personnel.

Standard
system
Chinese
National

Standard (GB)

American
Society for
Testing and
Materials

(ASTM)

Us Military
Standard (MIL)

International
Organization
for
Standardization

(IS0O)

European

Standards (EN)

Environmental
compliance

standards

Standard

No.

GB/T 1234-

XXXX

GB/T 5678-

XXXX

ASTM

B777-xxxx

ASTM
E8/E8M-
XXXX
MIL-DTL-

XXXX

ISO

11945:xxxx

ISO  6507-
1 :xxxx
EN 12502-

XXXX

RoHS

Directive

2011/65/EU

REACH

Standard  name
(Chinese)

Tungsten alloy
material technical
requirements
Tungsten Alloy

Ring  Mechanical

Properties Test
Method

Tungsten Alloy
Material
Specifications
Tensile test

standards for metal
materials
Technical
Requirements  for
Military Tungsten
Alloy Rings
General Technical
Specifications  for
Tungsten Alloy
Materials
Vickers  hardness
test method
Tungsten Alloy
Material Properties
and Testing
Directive on the
restriction of the
use of hazardous

substances

Registration,

Standard Name (English)

Technical Conditions for Tungsten

Alloy Materials

Mechanical Properties Test Methods

for Tungsten Alloy Rings

Standard Specification for Tungsten

Alloy Materials

Standard Test Methods for Tension
Testing of Metallic Materials
Military Detail ~Specification for

Tungsten Alloy Rings

Tungsten Alloy Materials—General

Technical Specification

Metallic  Materials —  Vickers
Hardness Test — Part 1
Performance and Testing of Tungsten

Alloys

Restriction of Hazardous Substances

Directive

Registration, Evaluation,
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Brief description of scope of

application and content

tungsten alloy rings and related

products
Testing Standards for
Mechanical ~ Properties  of

Tungsten Alloy Rings
Composition, properties and
manufacturing

process

standards of tungsten alloy rings

Tungsten Alloy Ring Tensile
Properties Test Method
Performance and quality
requirements of tungsten alloy
ring military products
Internationally accepted

tungsten alloy material

specifications

Standard Method for Hardness
Testing of Tungsten Alloy Rings
Alloy Ring Performance Testing
and Quality Control
Specifications within the EU

Tungsten Alloy Rings and
Environmental

Compliance

Requirements

Compliance Requirements for
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Regulation Evaluation, Authorization and Restriction of = Chemical Substances in
(EC) No | Authorisation and = Chemicals Regulation Tungsten Alloy Ring Materials
1907/2006 Restriction of

Chemicals (RECs)

Remark:

e xxxx " in the standard number indicates different versions and specific years. The latest
version must be confirmed for actual application.

e Different countries and regions have different standard requirements for tungsten alloy
rings . Specific projects should be selected based on the target market.

e Some standards focus on performance testing, while others focus on material chemical
composition and environmental compliance , and both need to be applied in combination.

e Enterprises should establish a quality management system that meets international and
domestic standards based on actual production and application needs.
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Appendix III: Tungsten Alloy Ring Glossary and English Abbreviations

This appendix summarizes the commonly used terms in the field of tungsten alloy rings and their

corresponding English expressions, as well as explanations of related abbreviations, to facilitate

understanding and communication among technicians, R&D personnel, and managers.

Chinese
terminology
Tungsten Alloy
Ring

Powder
Metallurgy

sintering

microstructure

density

tensile strength

Yield strength

fracture
toughness

hardness

granularity

Vacuum
packaging
Additive
Manufacturing
surface
roughness
Ultrasonic
testing
X-ray
Inspection
Inductively
Coupled

Plasma Mass

English terminology

Tungsten Alloy Ring —

Powder Metallurgy PM

Sintering

Microstructure

Density/Compactness —

Tensile Strength TS

Yield Strength

YS

Fracture Toughness —

Hardness

Grain Size

Vacuum Packaging —

Additive Manufacturing AM

Surface Roughness —

Ultrasonic Testing uT

X-ray Testing

Inductively Coupled Plasma

XRT

ICP-MS

Mass Spectrometry

Abbreviations

Explanation

Annular structural parts made of tungsten-based alloy
materials are widely used in high-end fields.

A technology for preparing metal materials through
powder pressing and sintering processes.

The process of combining powder particles at high
temperatures to form a dense solid.

The internal structural characteristics of a material as
observed under a microscope.

The tightness of the material affects its mechanical and
physical properties.

The maximum stress at which a material resists tensile
fracture.

The stress value at which the material begins to deform
plastically.

The ability of a material to resist crack growth.

The ability to resist local deformation or scratches is
usually expressed in Vickers hardness (HV).

The size of the grains in the material microstructure
affects the material properties.

The material is packaged under vacuum to prevent
oxidation and contamination.

A technology that builds parts by building up materials
layer by layer, such as 3D printing.

The degree of microscopic undulations on the surface of
a material.

A non-destructive testing method that uses ultrasonic
waves to detect internal defects in materials.

Use X-rays to perform non-destructive testing on
materials to detect internal defects.

Analytical technology used to detect trace element

composition in materials.
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Spectrometry
electron
microscope
RoHS
Directive
REACH

Regulation

Vickers
hardness
powder

particles

Microalloying

Nanoparticle

reinforcement

Coaxiality

Anti-corrosion

coating

Electron Microscope

Restriction of Hazardous

Substances Directive

Registration, Evaluation,

Authorization and
Restriction of Chemicals

Vickers Hardness

Powder Particle

Microalloying

Nanoparticle Reinforcement

Concentricity

Anti-corrosion Coating

EM

RoHS

REACH

HV

High-resolution microscopes for observing the
microstructure of materials.

EU environmental regulations on restricting the use of
hazardous substances.
EU Registration, Evaluation, Authorisation and

Restriction of Chemicals regulations.

A commonly used method for measuring metal hardness.

The particle size distribution of raw material particles
used to prepare tungsten alloy rings affects the quality of
the finished product.

A technology that adds trace alloying elements to the
matrix to improve performance.

A technique for improving the mechanical properties of
materials through nanoparticle dispersion.

The concentricity of the inner and outer diameters of the
tungsten alloy ring affects the fitting accuracy.

A coating that protects the surface of a material from

chemical corrosion.
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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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