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

materials in the Industrial Internet era.

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

tungsten and molybdenum product manufacturing and information services.
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CTIA GROUPLTD
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 Balls

1.1 Definition of Tungsten Alloy Balls

Tungsten alloy spheres are high-density spherical functional components made primarily of tungsten,

combined with binder phases such as nickel, iron, and copper using powder metallurgy. They represent
asignificant extension of typical high- density tungsten-based composite materials in terms of geometry.
Unlike traditional steel, ceramic, or lead spheres, tungsten alloy spheres integrate the extremely high
density, hardness, and strength of tungsten with the significantly improved toughness, machinability, and
environmental adaptability resulting from alloying. This gives them an irreplaceable comprehensive
advantage in scenarios requiring large mass, strong shielding, or reliable operation under extreme

conditions within a small volume.

From a materials science perspective, tungsten alloy spheres are essentially quasi-isotropic spheres
formed by tungsten particles being encapsulated and firmly bonded by a continuous or semi-continuous
binder phase. Their microstructure exhibits a typical two-phase characteristic of "hard tungsten particles
+ tough binder phase". This structure retains the inherent physicochemical properties of tungsten as a
refractory metal, while overcoming the fatal defects of pure tungsten, such as high brittleness and near
inability to be plastically formed, through the bridging effect of the binder phase. This allows for the
stable production of a complete series of spheres ranging from micrometers to tens of millimeters in size

and with precision ranging from ordinary to ultra-precision levels under industrial conditions.

From an engineering application perspective, tungsten alloy balls have long transcended their traditional
roles as "counterweight balls" or "bearing balls," evolving into key structural-functional integrated
components that combine high-density counterweight, radiation shielding, inertial energy storage, wear
and corrosion resistance, and precision measurement. For this reason, tungsten alloy balls are widely
regarded as an indispensable core material in modern aerospace, nuclear medicine imaging, dual-use
special munitions, precision instruments, and emerging energy equipment, and their importance

continues to increase as equipment develops towards lighter weight, extreme performance, and precision.

1.2 Composition System of Tungsten Alloy Balls

Tungsten alloy spheres can be divided into three layers: a core matrix, a binder phase, and trace functional
additives. The proportions and types of these three components directly determine the final sphere's
density, mechanical properties, magnetic characteristics, shielding ability, and environmental adaptability.
A well-designed composition allows for precise performance control and optimal functional matching
while ensuring high tungsten content, enabling highly specialized product series of tungsten alloy spheres

for various applications.

1.2.1 Tungsten Alloy Sphere Core Matrix: Properties and Requirements of Tungsten

Tungsten, as the absolute main component of tungsten alloy spheres, typically accounts for over 90% of
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the total mass. Its role is not only to provide the foundation for high density and high hardness, but also
to dominate the alloy spheres' radiation attenuation, high-temperature stability, wear resistance, and long-
term dimensional stability at the microscopic level. Tungsten possesses an extremely high atomic number
and a very dense crystal structure, giving it a natural and strong absorption and scattering ability for
gamma rays, X-rays, and neutrons—an inherent advantage that is difficult for any other commonly used

metal to match.

In terms of mechanical properties, tungsten itself has extremely high hardness and outstanding
compressive strength, but it exhibits significant brittleness at room temperature and has almost no ability
to undergo plastic deformation. By selecting high-purity tungsten powder and purifying the grain
boundaries during the subsequent high-temperature sintering process, tungsten particles can be made to
form a near-ideal polyhedral morphology, and stress dispersion can be achieved under the encapsulation
of the binder phase, thereby transforming macroscopic brittleness into microscopically controllable

quasi-ductile behavior.

Extremely high requirements are placed on the purity, particle size distribution, morphology, and oxygen
content of tungsten powder raw materials . Industrial-grade tungsten alloy spheres typically require
tungsten powder purity exceeding 99.95% and a particle size distribution concentrated within a specific
range to ensure sufficient neck bonding between tungsten particles and the absence of significant porosity
after sintering. Excessively coarse tungsten powder leads to incomplete sintering, while excessively fine
powder easily introduces too much oxygen and increases the unevenness of sintering shrinkage. Oxygen
content control is particularly critical; excessively high oxygen content can form brittle tungsten oxide

inclusions, becoming stress concentration sources and inducing sphere cracking.

Furthermore, tungsten exhibits excellent self-cleaning capabilities in high-temperature hydrogen
atmospheres or vacuum environments, effectively removing adsorbed oxygen and carbon impurities
from its surface. This is a crucial prerequisite for tungsten alloy spheres to operate in scenarios with
extremely high cleanliness requirements (such as medical collimators). In short, tungsten, as the core
matrix, is not only the main component in terms of quantity but also the decisive factor in terms of quality;
its quality directly determines whether the tungsten alloy spheres can reach the upper limit of their

theoretical performance.

1.2.2 Tungsten alloy ball binder: the roles of nickel, iron, and copper

The binder is the second most critical component in tungsten alloy sphere systems, after tungsten itself.
Its main function is to firmly bridge high-volume-fraction tungsten particles into a cohesive whole, while
imparting room-temperature toughness, machinability, and sintering ability that pure tungsten completely
lacks. Nickel, iron, and copper are the three most mature binders, each playing different roles in
wettability, mechanical contribution, magnetic modulation, and functional expansion, thus giving rise to

the three most widely used mainstream tungsten alloy sphere systems.

The core component of all binders , exhibiting excellent wetting ability for tungsten particles. It forms a
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uniform thin layer coating on the surface of the tungsten particles during the liquid-phase sintering stage,
effectively promoting particle rearrangement and densification. Simultaneously, nickel itself possesses
good ductility and corrosion resistance, significantly lowering the alloy's ductile-brittle transition
temperature, allowing the tungsten alloy spheres to undergo a certain degree of plastic deformation at
room temperature without catastrophic cracking. More importantly, nickel and tungsten rarely form

brittle intermetallic compounds, ensuring the reliability and long-term stability of the interfacial bonding.

The addition of iron primarily forms a solid solution with nickel, further strengthening the binder phase
and allowing for precise control of magnetism by adjusting the nickel-iron ratio. When micro-magnetic
or weak magnetic properties are required, appropriately increasing the iron content can meet the specific
requirements of inertial navigation or sensors; while in most high-density counterweight applications,
the nickel-iron combination achieves the optimal balance between high strength and high toughness in
the most economical way. Iron also promotes the dissolution-re-precipitation process of tungsten
particles during sintering , resulting in more rounded tungsten grains and reducing stress concentration

sources.

Copper is primarily used as a binder in non-magnetic tungsten alloy sphere systems. While copper and
tungsten are mutually insoluble, copper can completely wet tungsten particles during liquid-phase
sintering and form an independent, continuous copper network upon cooling. Because copper itself is
completely non-magnetic and possesses excellent thermal and electrical conductivity, tungsten alloy
spheres with nickel-copper or pure copper as the binder phase are the preferred materials for nuclear
medicine imaging, MRI environmental weighting, and precision non-magnetic inertial devices. The
presence of the copper phase also significantly improves the alloy's resistance to atmospheric and
electrochemical corrosion, allowing the spheres to maintain a smooth surface and stable performance

over long periods in humid or saline environments.

The scientific combination and proportional design of the three binders directly determine whether the
tungsten alloy spheres can ultimately possess sufficient toughness, machinability, and functional
specificity while maintaining high density. In actual production, the total amount of binder phase is
usually controlled within a low range to maximize the retention of tungsten's high-density advantage.
Simultaneously, precise elemental ratios allow for targeted performance regulation, ranging from
completely non-magnetic to controllable micro-magnetic, and from general-purpose weighting to
specialized shielding. It is precisely this flexible application of binders that provides a solid bridge for

tungsten alloy spheres to truly transition from laboratory materials to large-scale engineering applications.

1.2.3 Functions of Trace Additives in Tungsten Alloy Balls

Although trace additives are present in extremely low amounts in tungsten alloy spheres, they play an
irreplaceable regulatory role in key aspects such as grain boundary purification, phase interface
strengthening, special radiation absorption, and inhibition of harmful reactions. Their introduction often
determines whether a tungsten alloy sphere can be upgraded from a "qualified product" to a "high-end

special product".
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First, certain rare earth elements or transition metals are used as grain boundary activators and oxygen
scavengers. During sintering, they preferentially react with residual oxygen to form stable compounds,
thereby significantly reducing oxide inclusions at the tungsten-binder interface, improving interfacial
bonding strength, and reducing microcrack initiation sites. This is particularly crucial for preparing ultra-

high precision, ultra-long life inertial spheres and bearing spheres.

Secondly, to address the specific needs of the nuclear industry and radiation shielding fields, strong
neutron-absorbing elements such as boron, gadolinium , samarium, and dysprosium can be selectively
added. These elements exist in the binder phase or on the surface of tungsten particles in compound or
solid solution form , enabling the tungsten alloy spheres to maintain high-density gamma shielding
capabilities while additionally acquiring excellent thermal and fast neutron absorption capabilities, thus

achieving an integrated function of gamma-neutron combined shielding.

Furthermore, the addition of small amounts of refractory elements such as cobalt, molybdenum , and
rhenium can significantly increase the recrystallization temperature and high-temperature strength,
enabling tungsten alloy spheres to maintain long-term dimensional stability and prevent mechanical
property degradation when in service in aero-engine flywheels or high-temperature radiation
environments. Cobalt can further enhance the strength of the binder phase, while the addition of thenium

greatly improves high-temperature creep resistance.

In addition, certain trace elements are used to inhibit the volatilization and migration of the binder phase
under long-term irradiation or high temperature, preventing the spheres from experiencing a decrease in
density or a porous surface. Some manufacturers also add trace amounts of precious metals or rare earth
elements to achieve self-cleaning or antibacterial functions on the surface, in order to meet the special

requirements of medical implantable counterweights or cleanroom environments.

The scientific use of trace additives demonstrates the ingenuity of tungsten alloy ball material design: by
introducing a very small amount of third component, a qualitative leap in performance is achieved,
enabling the same matrix material system to generate a series of high-end products covering multiple
high-end areas such as general counterweights, non-magnetic medical devices, nuclear shielding, and

high-temperature load-bearing, greatly expanding its engineering application boundaries.

1.3 Performance parameters of tungsten alloy balls with different compositions

Tungsten alloy balls with different composition systems exhibit significant differences in density,
mechanical properties, magnetic characteristics, radiation shielding ability, thermal stability, and
environmental adaptability. These differences stem from the synergistic effect of the type and proportion
of binder phase and trace additives, which in turn determine their most suitable engineering positioning

and application scenarios.

The W-Ni-Fe system, with its highest tungsten content and nickel-iron reinforced binder phase, achieves

optimal balance in density, strength, and toughness, making it the dominant choice for aerospace inertial
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devices, kinetic energy penetrating projectiles , and most general-purpose high-density counterweight
spheres. Its micromagnetic properties are acceptable in most military and civilian applications, while its

cost remains relatively controllable.

The W-Ni-Cu system achieves complete non-magnetism by completely replacing iron with copper, while
maintaining extremely high density and good corrosion resistance. This makes it a core material for
collimator spheres in nuclear medicine, counterweight spheres in MRI environments, and precision non-
magnetic gyroscopes. The excellent thermal conductivity of the copper phase also makes it perform

exceptionally well in certain special operating conditions requiring rapid heat dissipation.

The W-Cu system further reduces the melting point of the binder phase and improves the efficiency of
liquid phase sintering. At the same time, it endows the spheres with excellent electrical and thermal
conductivity and resistance to arc erosion. It is often used in electrical contact materials or special

spherical electrodes that need to balance electrical, thermal, and density properties.

Modified W-Ni-Fe or W-Ni-Cu spheres doped with neutron absorbers, while maintaining their original
high-density gamma shielding capability, gain additional powerful neutron trapping capability. They are
widely used in nuclear reactor control rod drive mechanisms, radioactive source containers, and neutron
beam streamline shielding components, achieving comprehensive protection against multiple types of

radiation with a single material.

containing rhenium , molybdenum , or other refractory elements have significantly improved high-
temperature strength, creep resistance, and oxidation resistance, enabling them to serve reliably for
extended periods in extreme thermal environments such as aero-engine flywheels, hypersonic vehicle

counterweights, or the first wall of nuclear fusion devices.

The performance differences among various composition systems provide engineers with a wide range
of choices: from economical general-purpose counterweights to non-magnetic medical-grade, and then
to nuclear shielding and ultra-high temperature grades, tungsten alloy spheres have formed a complete
performance hierarchy, capable of precisely matching all needs from civilian use to the most advanced
defense and energy equipment. This close correspondence between composition, performance, and
application is a concentrated manifestation of the maturity and high degree of engineering of tungsten

alloy sphere material systems.

1.4 Common Specifications and Dimensions of Tungsten Alloy Balls

Tungsten alloy spheres come in a wide range of sizes, from sub-millimeter microspheres to large spheres
tens of millimeters in diameter, all of which can be stably mass-produced. The selection of diameter,
surface precision level, and tolerance zone design directly determine the final application scenario and
assembly method. A mature and highly standardized dimensional system has been established in the

industry to meet all needs from civilian counterweights to cutting-edge military applications.
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Miniature tungsten alloy spheres are mainly concentrated in the range of millimeters to a few millimeters.
These spheres are mostly used in the focusing holes of nuclear medicine collimators, precision bearings,
medical implantable counterweights, and high-precision shot peening. Thanks to advanced isostatic
pressing and multi-stage grinding processes, the sphericity, roundness, and surface roughness of these
spheres can reach extremely high levels, perfectly meeting the stringent requirements of micron-level

channels or ultra-precision rolling pairs.

Small to medium diameter spheres, ranging from a few millimeters to about twenty millimeters, represent
the largest and most widely used size range. This size range simultaneously meets the diverse needs of
inertial navigation gyroscope rotors, satellite flywheel counterweights, industrial CT shielding balls,
fishing sinkers, sports equipment counterweights, and wear-resistant balls for vibrating screens.
Manufacturers typically provide standard stock in fixed diameter gradients, while also accepting small-

batch non-standard customization to balance versatility and personalization.

Large-diameter tungsten alloy spheres generally refer to spheres exceeding 20 millimeters in diameter,
reaching the maximum machining limit. They are mainly used in applications requiring single-sphere
masses of several hundred grams or even several kilograms, such as counterweights for large engineering
machinery, heavy spheres for oil valves, ship ballast, and special kinetic energy cores. These spheres are
often produced using segmented grinding or specialized large-scale grinding equipment to ensure high

sphericity and density uniformity while significantly increasing volume.

Besides diameter, tungsten alloy balls also come in distinct precision grades: the standard grade is
suitable for general counterweights and civilian applications; the medium-to-high precision grade meets
the needs of industrial vibrating screens and metrological calibration; and the ultra-precision grade is
specifically designed for acrospace inertial devices, nuclear medicine collimators, and high-precision
bearings. Different precision grades exhibit significant differences in diameter tolerance, sphericity,
surface roughness, and batch consistency, directly corresponding to different price ranges and delivery

times.

It is worth emphasizing that the specification system of tungsten alloy spheres is highly modular and
serialized. Under the same composition and precision level, a complete range of sizes from the smallest
to the largest can be provided, which greatly facilitates design selection and bulk procurement. At the
same time, leading companies also provide secondary processing services such as surface coating,
grooving, drilling, and inlay, which can further evolve a single sphere into a complex functional

component, thus perfectly combining standardized production with personalized needs.

1.5 Tungsten Alloy Balls

Tungsten alloy spheres have penetrated into many core areas of the modern industrial system. Their high
density, excellent mechanical properties, non-toxicity and environmental friendliness, as well as their
ability to be precisely machined, make them the irreplaceable material of choice for occasions where a

small volume is required to achieve a large mass or to ensure reliable service in extreme environments.
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In the aerospace and defense fields, tungsten alloy spheres are among the most important inertial mass
components. High-speed gyroscope rotors, satellite flywheels, missile inertial navigation accelerometers ,
and attitude control actuators widely use high-precision tungsten alloy spheres as core energy storage
and trimming components. Their extremely high volumetric density provides sufficient rotational inertia
and centrifugal force within a limited space, ensuring rapid response and long-term stability of the system

in complex space environments.

The medical and nuclear technology fields are prime examples of high-end applications of tungsten alloy
spheres. Focusing and parallel-aperture collimators in nuclear medicine imaging equipment extensively
utilize non- magnetic, high-precision tungsten alloy spheres to constrain gamma-ray paths and suppress
scattering interference; radiotherapy equipment leverages their superior radiation attenuation capabilities
to achieve precise irradiation of lesions; nuclear facility shielding components and radiation source
containers also rely on tungsten alloy spheres to construct multi-layered, high-efficiency shielding
structures, completely replacing traditional lead materials and thoroughly eliminating the risks of toxicity

and environmental pollution.

Industrial counterweights and civilian applications constitute the broadest basic market for tungsten alloy
balls. Applications include construction machinery, oil drilling valves, ship ballast, racing car and
elevator counterweights, fishing sinkers, golf club heads, and automatic winding rotors in high-end
watches . Tungsten alloy balls are widely used because they can provide far greater weight than steel and
lead in a very small volume, achieving both product miniaturization and performance improvement while

meeting mandatory environmental regulations.

In the field of precision machinery and instrumentation, the high hardness, wear resistance and
dimensional stability of tungsten alloy balls are fully utilized as high-end bearing balls, vibrating screen
media balls, metrological standard weights and optical platform vibration damping mass blocks, which

significantly extend equipment life and improve measurement accuracy.

Furthermore, cutting-edge fields such as emerging energy, deep-sea exploration, hypersonic technology,
and nuclear fusion devices are rapidly expanding the application boundaries of tungsten alloy spheres.
Whether it's ultrasonic welding electrode spheres for new energy batteries, ballast spheres for deep-sea
submersibles , or the first wall protection spheres for future fusion reactors, tungsten alloy spheres
continue to occupy an irreplaceable position due to their unique comprehensive performance. It is
foreseeable that as equipment continues to evolve towards lightweight, extreme, and green designs, the
basic application scope of tungsten alloy spheres will further expand, becoming one of the key basic

materials supporting the development of many strategic industries.

1.6 Development Context of Tungsten Alloy Balls

Tungsten alloy spheres have undergone a complete evolution, from military-driven to military-civilian
integration, and from a single counterweight to a multi-functional integrated material. This development

clearly reflects the historical pattern of mutual promotion and spiraling progress among materials science,
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powder metallurgy technology, and the demands of high-end equipment.

1.6.1 Early Research and Development Stage (Mid-20th Century - 1980s)

Tungsten alloy spheres stemmed directly from the urgent need during the Cold War for high-density
kinetic energy armor-piercing projectiles and inertial navigation systems. As early as the late 1950s,
major Western military powers began systematically researching high-density alloys with tungsten as the
matrix and nickel-iron as the binder phase. Initially, these were produced in rod and plate forms for
armor-piercing projectile cores. In the mid-1960s, with the extreme demands of gyroscopes and missile
inertial navigation systems for small-volume , high-mass counterweights, researchers first attempted to
fabricate precision spherical spheres from tungsten alloys for use in high-speed rotors, replacing
traditional steel or uranium alloy spheres. The core breakthrough at this stage lay in the establishment
and industrial verification of the liquid-phase sintering theory: by precisely controlling the sintering
temperature, the binder phase was briefly melted and fully wetted the tungsten particles, achieving

spherical molding with near-theoretical density.

Early processes were extremely rudimentary, relying mainly on molding and free sintering, resulting in
poor sphericity and dimensional consistency, with precision only meeting the requirements of general
ammunition and counterweights. However, it was during this period that the W-Ni-Fe system was
established as the standard composition, and the W-Ni-Cu system, which requires no magnetism, was
initially verified. Simultaneously, military laboratories developed the first generation of grinding and
polishing technology, enabling the surface quality of tungsten alloy spheres to leap from a rough level to
ausable level, laying the material and process foundation for subsequent industrialization. Research and
development during this stage was almost entirely driven by defense projects, with virtually no

application in the civilian sector, and production was small-scale and highly classified.

1.6.2 Industrialization Development Stage (1990s - Early 21st Century)

The end of the Cold War and the advancement of globalization have enabled tungsten alloy spheres to
rapidly transition from purely military materials to large-scale civilian and dual-use markets. The
increasing scale and automation of powder metallurgy equipment, along with the maturity of cold
isostatic pressing technology, have boosted the single-furnace output of tungsten alloy spheres from
kilograms to tons, significantly reducing costs. The widespread application of vacuum sintering furnaces
and hydrogen-protected sintering furnaces has further eliminated oxide inclusions and improved the

internal quality consistency of the spheres.

The most significant feature of this period was the establishment and standardization of a precision
grading system. Advances in specialized grinding equipment and diamond abrasives enabled tungsten
alloy balls to evolve from ordinary grades to medium-to-high precision grades, achieving unprecedented
levels of sphericity and surface roughness, thus meeting the stringent requirements of aerospace inertial
devices and industrial bearings for the first time. Simultaneously, the rapid development of nuclear

medicine imaging equipment spurred the industrialization of non-magnetic tungsten alloy balls, with the
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W-Ni-Cu system becoming the standard material for PET-CT and SPECT collimators .

Tungsten alloy balls were widely used in products such as fishing sinkers, golf club heads, racing car
counterweights, and oil valve weights , driving rapid expansion of global production capacity. China, the
United States, Germany, and Russia formed the leading production tier, with specialized tungsten alloy
ball factories emerging and the supply chain becoming increasingly complete. Stricter environmental
regulations further accelerated the lead substitution process, leading to a rapid increase in the penetration

rate of tungsten alloy balls in the civilian sector.

1.6.3 High-performance upgrade stage (since the 21st century)

Entering the 21st century, the development of tungsten alloy spheres has entered its third stage, centered
on high performance, functionality, and precision. The new generation of high-end equipment places
almost stringent demands on material properties, driving simultaneous leaps in the composition,

processing, and application of tungsten alloy spheres.

In terms of composition design, special systems such as tungsten -rhenium , tungsten-copper with high
thermal conductivity, non- magnetic high purity, and gadolinium /boron doping for neutron absorption
have been mass-produced. Trace rare earth and nanotechnology have been introduced to further enhance
high-temperature strength and irradiation stability. In terms of process, advanced methods such as ultra-
high pressure cold isostatic pressing, multi-stage continuous grinding, magnetorheological polishing, and
vacuum-hydrogen co-sintering have become mainstream, enabling tungsten alloy spheres to achieve
ultra-precision levels, with micron-sized and even submicron-sized spheres beginning stable mass

production.

Application areas are experiencing explosive growth: cutting-edge fields such as the first wall protective
sphere for nuclear fusion devices, the counterweight sphere for hypersonic aircraft, the ballast sphere for
deep-sea probes, the ultrasonic welding sphere for new energy batteries, and the oscillator sphere for 5G
filters are rapidly emerging. Meanwhile, explorations in additive manufacturing and near-net-shape
forming technologies are providing entirely new pathways for tungsten alloy spheres with complex

internal cavities or gradient functions .

The most distinctive feature of this stage is the deep integration of military and civilian sectors and global
collaborative innovation. Leveraging its complete tungsten industry chain and large-scale manufacturing
capabilities, China has risen to become the world's largest and most comprehensive R&D and production
country of tungsten alloy spheres, with some high-end products already surpassing those of traditional
powers. Tungsten alloy spheres are no longer just single-function materials, but rather a typical example
of the deep coupling of modem materials, precision manufacturing, and strategic equipment. Their
development trajectory continues to unfold, and they will undoubtedly reach new heights in the future
with the advancement of mega-projects such as fusion energy, deep space exploration, and sixth-

generation fighter jets.
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Chapter 2: Basic Properties of Tungsten Alloy Balls
2.1 Density characteristics of tungsten alloy spheres
Density is the most fundamental advantage of tungsten alloy spheres over all traditional spherical
functional materials, and it is also the material basis for achieving great mass, strong inertia, and efficient
shielding within a very small volume . This characteristic stems directly from tungsten being one of the
heaviest structural metals in nature, and the unique ability of powder metallurgy to push tungsten content
to extremely high levels.

2.1.1 Density parameter range of tungsten alloy spheres

Tungsten alloy spheres is not a single fixed value, but varies within a relatively wide but highly

controllable range to meet different needs from general counterweights to extreme special applications.
By adjusting the tungsten content, the type and proportion of the binder phase, and the degree of sintering
densification, the density of industrially produced tungsten alloy spheres can stably cover the entire

density range from low to extremely high.

In conventional W-Ni-Fe and W-Ni-Cu systems, tungsten content typically constitutes the majority,
resulting in a high density of sintered spheres that easily surpasses that of most engineering metals. This
range ensures the performance requirements of most aerospace inertial spheres, nuclear medicine
collimating spheres, and high-performance counterweight spheres, while also allowing sufficient room

for compositional adjustment to balance toughness, machinability, and cost.

When a high-tungsten formula is used and supplemented with ultra-high pressure cold isostatic pressing
and multiple vacuum sintering processes, the density of tungsten alloy spheres can be further approached
to the theoretical value of pure tungsten , making it the highest density variety among all precision-
machined spheres currently available. It is specifically used for satellite flywheels, missile inertial
navigation accelerometers , and special kinetic energy projectile cores where volume requirements are

extremely stringent.

Conversely, in certain specialized systems that require both thermal and electrical conductivity or neutron
absorption, the overall density can be appropriately reduced by adding copper, silver, or doping with
borides, creating a medium- to high-density range to achieve multifunctional integration. This
combination of controllable density and stability allows tungsten alloy spheres to maintain their high-

density advantage while developing a complete product portfolio covering almost all engineering needs.

2.1.2 Density Comparison of Tungsten Alloy Balls with Lead, Steel, and Other Materials

Compared to traditional high-density materials, tungsten alloy spheres exhibit an overwhelming density
advantage. Lead, once the most commonly used heavy material, is still used in some low-end

counterweight applications, but its density is far lower than that of mainstream tungsten alloy spheres,
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and it suffers from severe environmental toxicity and mechanical property defects. For the same volume,
atungsten alloy sphere can weigh more than 1.5 times that of a lead sphere. This means that for the same
counterweight requirements, the volume of a tungsten alloy sphere is only about 60% of that of a lead
sphere, directly leading to revolutionary changes in product miniaturization and compact structure. More
importantly, tungsten alloy spheres are completely non-toxic and recyclable, completely ending the ban

on lead use in medical, food contact, and children's products.

Compared to various types of steel, tungsten alloy balls have a more significant density advantage. The
density of ordinary structural steel and bearing steel is only about 40% of that of tungsten alloy balls,
and even the heaviest tool steel cannot match it. This allows tungsten alloy balls to achieve the same or
even greater counterweight effect with less than half or even less volume in applications such as racing
car flywheels, golf club heads, fishing sinkers, and heavy balls for oil valves, greatly improving product

performance and user experience.

Compared to other candidate heavy metals such as depleted uranium, tungsten alloy spheres, while
maintaining the same or higher density, completely avoid radioactive pollution and special regulatory
issues, making them the only realistic choice for modern green high-density materials. It is this
unparalleled density advantage, combined with excellent mechanical properties and environmental
friendliness, that has enabled tungsten alloy spheres to rapidly replace lead, steel, and other traditional
materials over the past thirty years, becoming the absolute dominant high-density spherical functional

component in applications ranging from small to large, and from civilian to military.

2.2 Strength characteristics of tungsten alloy balls

Tungsten alloy spheres are the core guarantee for their long-term reliable service under high-speed
rotation, heavy-load impact, and complex stress environments. While maintaining extremely high density,
they exhibit comprehensive mechanical strength far exceeding that of traditional high-density materials
and approaching that of high-quality alloy steel, making them the first choice for demanding industrial

and high-end civilian applications.

The tensile strength and yield strength primarily originate from the high intrinsic strength of tungsten
particles and the three-dimensional continuous network formed by the binder phase. After sintering, the
tungsten particles are interconnected and completely encapsulated by the ductile binder phase, allowing
stress to be uniformly transmitted and dispersed, thus transforming the brittleness of pure tungsten into
macroscopic quasi-ductile behavior. Due to the binder phase strengthening effect, the W-Ni-Fe system
typically exhibits the highest strength level, making it particularly suitable for applications requiring
high-speed flywheels, heavy balls in oil valves, and counterweights in large engineering machinery,
where enormous centrifugal forces or static loads are required. The W-Ni-Cu system has slightly lower
strength but still significantly outperforms non-ferrous heavy metals and possesses irreplaceable

advantages in non- magnetic applications .

The tungsten alloy sphere exhibits outstanding impact toughness and fatigue resistance, making it
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resistant to cracking or spalling under repeated loading conditions such as those found in vibrating
screens, racing car flywheels, and golf club impact zones. Its compressive strength is particularly
impressive, maintaining geometric integrity without plastic deformation under extreme static load
conditions such as deep-sea ballast and ship counterweights . This balance between high strength and
moderate toughness transforms the tungsten alloy sphere from a simple high-density sphere into a reliable

component capable of performing structural functions in complex mechanical environments.

2.3 Hardness characteristics of tungsten alloy balls

Tungsten alloy balls exhibits typical characteristics of composite materials: the macroscopic hardness is
dominated by high-hardness tungsten particles, coordinated with toughness and bonding, ultimately
forming an ideal range that is much higher than lead and ordinary steel, but lower than pure tungsten or

cemented carbide, thus achieving the best balance between wear resistance and processing economy.

Tungsten particles themselves possess extremely high microhardness, making them the absolute main
contributor to hardness. After sintering, tungsten particles occupy the vast majority ofthe volume fraction,
and their hard skeleton provides the sphere with excellent resistance to indentation and scratches.
Although the binder phase has lower hardness, it is extremely thin and difficult to be indented
individually in conventional hardness tests; therefore, the overall hardness mainly reflects the
characteristics of the tungsten phase . The W-Ni-Fe system, due to the presence of reinforcing elements,
typically has the highest hardness and is suitable for vibrating screen media spheres, precision measuring
weights, and counterweights requiring high resistance to deformation. The W-Ni-Cu system has slightly
lower hardness, but it is sufficient to meet the requirements of medical collimators and precision
instruments for surface resistance to micro-damage . Hardness can also be flexibly controlled through
processes and composition: extending the heat treatment to promote tungsten particle growth or adding
trace amounts of elements such as cobalt and molybdenum can further increase hardness; conversely,
increasing the proportion of the binder phase or appropriate annealing can optimize toughness while
ensuring hardness. This designability of hardness allows tungsten alloy spheres to precisely match
diverse needs from heavy-duty counterweights to ultra-precision bearings, without the processing

difficulties or brittleness risks associated with excessively hard materials.

2.4 Wear resistance of tungsten alloy balls

To achieve long service life in vibrating screens, precision bearings, grinding media and high-speed
rotating parts . Its excellent performance comes from the unique tribological behavior formed by the

synergy of high-hardness tungsten particles and tough bonding.

Under dry friction or boundary lubrication conditions, the protruding hard tungsten particles initially bear
the load, effectively resisting the micro-cutting and ploughing of the mating parts; the softer binder phase,
after moderate wear, forms tiny valleys, reducing the actual contact area and playing a role in oil storage
and friction reduction. As service progresses, fine wear debris can form a transfer film at the friction

interface, further reducing the friction coefficient and wear rate.
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In liquid media or oil-lubricated environments, the excellent toughness of the binder phase prevents
fatigue spalling, while the high chemical stability of tungsten particles ensures excellent corrosion and
wear resistance, maintaining an extremely low wear rate even in harsh conditions such as seawater, acid
and alkali solutions, or slurries containing mortar. Compared to traditional bearing steel balls, tungsten
alloy balls have a significantly smaller wear volume and a much longer lifespan under the same

conditions; compared to ceramic balls, they avoid the risk of brittle fracture .

high-temperature wear resistance is equally significant. At temperatures of several hundred degrees
Celsius, the hardness and strength of tungsten alloy balls decay extremely slowly, and the binder phase
does not fail like conventional lubricants, making them an ideal choice for high-temperature bearings,
high-speed flywheels, and moving parts in hot-working equipment. It is this superior wear resistance
across all operating conditions and the entire life cycle that makes tungsten alloy balls the most reliable
high-performance spherical wear-resistant components in extreme wear environments such as heavy

loads, high speeds, corrosion, and high temperatures.

2.5 Thermal conductivity of tungsten alloy balls

Tungsten alloy balls varies significantly in different composition systems, which can meet diverse needs

from ordinary counterweights to high-speed heat dissipation and frequent thermal shock conditions.

The W-Cu system boasts the highest overall thermal conductivity due to copper's inherently high thermal
conductivity and the formation of a continuous or semi-continuous copper network after sintering. This
characteristic makes it ideal for applications requiring the rapid removal of large amounts of heat in short
periods, such as heat sinks in high-power electronic packaging, resistance-welded electrode spheres, and
functional spheres in high-temperature heat sink components. Even with a high tungsten content, the
copper phase still provides unobstructed heat flow channels, maintaining a low temperature difference

between the sphere's surface and interior.

The thermal conductivity of W-Ni-Fe and W-Ni-Cu systems is moderately high. Although it is much
lower than that of pure copper, it is still significantly better than that of stainless steel and lead alloys. In
high-speed rotating flywheels, automatic rotors in clocks , or counterweights in large engineering
machinery, this thermal conductivity is sufficient to dissipate the heat generated by friction or eddy
currents in a timely manner, avoiding dimensional changes or softening of the binder phase caused by

local overheating.

Overall, the tungsten alloy spheres achieve a controllable gradient in thermal conductivity through
compositional design: a high-copper system is used when extreme heat dissipation is required, while a
nickel-based system is used when a balance needs to be struck between high density and moderate
thermal conductivity. This flexibility enables them to maintain reliable thermal management across a

wide temperature range, from low-temperature precision instruments to high-temperature industrial

equipment.
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2.6 Electrical conductivity of tungsten alloy spheres

Electrical conductivity is an important property of tungsten alloy balls in the fields of electrical contact

and electrical processing, and is mainly determined by the type and distribution of the binder phase.

The W-Cu and W-Ag systems exhibit the best electrical conductivity, with the copper or silver phase
forming a continuous network, resulting in a sphere resistivity approaching that of pure copper or pure
silver. These tungsten alloy spheres are widely used as contact spheres in high-voltage switches, electrode
spheres in resistance welding, and conductive components in vacuum interrupters. They utilize the high
hardness and ablation resistance of tungsten to resist arc impact, while relying on the high conductivity

of copper and silver to ensure low contact resistance and low Joule heating.

Due to the presence of nickel, the conductivity of W-Ni-Fe and W-Ni-Cu systems is significantly lower
than that of copper-silver systems, but still far higher than that of stainless steel, titanium alloys, or
ceramic materials. In applications requiring a balance of high density, non-magnetic properties, and a
certain level of conductivity, such as conductive counterweights in medical equipment or conductive

rolling components in precision instruments, these spheres can still meet the requirements.

It is worth emphasizing that all tungsten alloy balls can be surface-plated with silver, gold, or nickel to
further reduce contact resistance or improve oxidation resistance and conductivity. This surface
modification, combined with the bulk conductivity, enables the tungsten alloy balls to achieve optimal
performance matching in a full range of electrical contact scenarios, from low-voltage precision

instruments to high-voltage high-current switches.

2.7 Thermal stability of tungsten alloy spheres

Tungsten alloy balls is reflected in their ability to maintain mechanical properties, dimensional accuracy,
and microstructure over long periods at high temperatures, which is a key advantage that distinguishes

them from lead, polymer weights, and ordinary alloy steel.

Tungsten itself has an extremely high melting point, giving the alloy spheres excellent resistance to high-
temperature softening. Even at temperatures of several hundred degrees or even higher, the tungsten
particle skeleton can still maintain its original hardness and strength, and the binder phase will not show
significant volatilization or loss of fluidity. The W-Ni-Fe and W-Ni-Cu systems exhibit minimal strength
decay after long-term service at high temperatures, making them particularly suitable for high-
temperature rotating flywheels, moving parts of hot-working equipment, and counterweights in high-

temperature furnaces.

Another important characteristic is its low coefficient of thermal expansion. The overall coefficient of
thermal expansion of tungsten alloy spheres is much lower than that of aluminum, copper, and stainless
steel, and is close to that of most ceramics and quartz materials, resulting in minimal dimensional changes

over a wide temperature range . This is crucial for precision instruments, watch rotors , vibration damping
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spheres in optical platforms, and high-temperature metrological weights, ensuring that they maintain

their original geometric accuracy and functional stability even under temperature fluctuations.

Its thermal shock resistance is also outstanding. Under conditions of rapid temperature rise and fall or
localized thermal shock, the thermal expansion of tungsten particles and the binder phase matches well,
resulting in low interfacial stress and a low likelihood of microcrack formation. This enables tungsten
alloy spheres to serve for extended periods in high-temperature welding electrodes, hot-pressing mold
moving parts, and high-temperature vacuum environments. It is precisely this excellent thermal stability
across the entire temperature range from room temperature to high temperatures that makes tungsten
alloy spheres one of the few high-density functional materials in modern industrial systems that can

maintain almost unchanged performance across extreme temperature spans.

2.8 The non-magnetic advantages and applications of tungsten alloy spheres

Tungsten alloy spheres is one of their most decisive characteristics for applications in precision
instruments, medical imaging, and clean electromagnetic environments. Through precise control of
composition design, tungsten alloy spheres can achieve a full spectrum coverage from completely non-
magnetic to only weakly magnetic, completely eliminating the application limitations of traditional high-

density materials in sensitive scenarios with strong magnetic fields or weak magnetic interference.

Completely non-magnetic tungsten alloy spheres, represented by the W-Ni-Cu system, exhibit a unique
characteristic where copper and tungsten do not form ferromagnetic phases, and the nickel content is
strictly controlled below the non- magnetic threshold, ultimately resulting in a magnetic permeability
close to vacuum levels. This property firstly satisfies the non-magnetic requirement for all weights and
structural components surrounding MRI equipment, ensuring that artifacts or positional drift caused by
magnetization do not occur during imaging. Similarly, in collimators and shielding components of high-
end nuclear medicine imaging systems such as PET-CT and SPECT, non-magnetic tungsten alloy spheres
have become an irreplaceable standard material, providing high-density shielding without interfering

with the detector's magnetic field environment.

In the field of precision scientific instruments, non-magnetic tungsten alloy spheres are widely used in
high-precision balances, inertial navigation test turntables, vibration damping masses for optical
platforms, and counterweights for seismic detectors. Even the slightest magnetic hysteresis or
magnetostriction can lead to measurement errors, while the non-magnetic nature of tungsten alloy
spheres ensures the system maintains the highest repeatability and stability during long-term operation.
In industrial automation, high-speed magnetic levitation bearings, magnetic pump balancing balls , and
counterweights for electromagnetic compatibility testing also preferentially use non-magnetic tungsten

alloy spheres due to their zero magnetic interference characteristics.

Compared to traditional non-magnetic stainless steel or titanium alloys, non-magnetic tungsten alloy
spheres exhibit a significantly increased mass within the same volume, enabling devices to achieve

greater inertia or counterweight effects in a smaller space. This avoids the drawbacks of insufficient
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density in stainless steel and excessive cost in titanium alloys. For these reasons, non-magnetic tungsten
alloy spheres have become the most mature and reliable high-density non-magnetic functional material

in modern medical devices, precision metrology, and clean electromagnetic environments.

2.9 Neutron Radiation Shielding Performance of Tungsten Alloy Spheres

Tungsten alloy spheres in the field of neutron radiation shielding stems from the ability to directionally
introduce strong neutron-absorbing elements through trace additives. This allows them to maintain high-
density gamma shielding capabilities while additionally gaining efficient thermal and fast neutron

capture capabilities, thereby achieving comprehensive protection against mixed radiation fields.

high-capture-section elements such as boron, gadolinium , samarium, and dysprosium into W-Ni-Fe or
W-Ni-Cu matrices , these elements are uniformly distributed in the binder phase or on the surface of
tungsten particles in the form of compound microparticles or solid solutions . When the neutron beam
passes through the sphere, the dopant elements preferentially undergo strong absorption reactions with
thermal neutrons, converting them into low-energy secondary particles or stable isotopes, effectively
reducing the neutron flux. Tungsten itself has a good ability to slow down fast neutrons, reducing their
energy to the thermal neutron region through multiple elastic and inelastic scattering processes, and then
the dopant elements complete the final capture, forming a complete fast-thermal neutron joint shielding

mechanism.

This composite shielding property is fully demonstrated in nuclear medicine treatment rooms, neutron
capture therapy devices, and shielding structures around research reactors. Tungsten alloy spheres can
be flexibly filled into the gaps between porous plates, corrugated plates, or containers to form a shielding
layer that is both high-density and highly absorbent, while avoiding the shortcomings of traditional
borosilicate polyethylene, such as low density and high lead toxicity. In the protective design of
radioactive isotope production, medical neutron source storage, and industrial neutron flaw detection
equipment, neutron-doped tungsten alloy spheres have become the best choice for balancing space

efficiency and shielding effectiveness.

Compared to pure boride or cadmium plates, tungsten alloy spheres exhibit significantly improved
mechanical strength, temperature resistance, and dimensional stability, enabling them to maintain
shielding effectiveness without aging in high-temperature, high-humidity, or long-term irradiation
environments. It is precisely this comprehensive advantage of customizability, compositeability, and
precision molding that has gradually established tungsten alloy spheres as an irreplaceable force in the

field of neutron radiation protection.

2.10 Gamma-ray radiation shielding performance of tungsten alloy spheres

The shielding performance of tungsten alloy spheres against gamma rays is mainly due to the extremely
high atomic number and density of tungsten , which gives it the highest mass attenuation coefficient and

the shortest half-value layer thickness among all precision-machined materials , making it the most
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efficient and compact gamma-ray shielding material in the modem field of radiation protection .

The main interactions between gamma rays and matter include the photoelectric effect, Compton
scattering, and electron pair formation. The photoelectric effect cross-section is directly proportional to
higher powers of the atomic number. Tungsten's high atomic number gives it extremely strong absorption
capacity for gamma photons over a wide energy range, especially in the low to medium energy region.
Combined with the extremely high bulk density of tungsten alloy spheres, the thickness of a shielding
layer of the same mass is far less than that of lead, iron, or concrete, enabling a higher attenuation factor

within a limited space.

In the design of medical linear accelerator treatment rooms, PET-CT scan rooms, industrial flaw detection
darkrooms, and radioactive source storage tanks, tungsten alloy spheres are often used to fill multi-
layered shielding walls, revolving door gaps, or localized reinforcement areas, forming a shielding
structure that is both dense and flexible. Their spherical geometry also provides additional scattering
suppression advantages: the naturally formed curved channels between the spheres effectively increase

photon scattering paths, further improving overall shielding efficiency.

Compared to traditional lead bricks, tungsten alloy spheres are completely non-toxic, corrosion-resistant,
recyclable, and possess high mechanical strength, without exhibiting the creep, flow, or toxicity release
issues associated with lead. The superior overall performance of tungsten alloy spheres is particularly
outstanding in mobile shielding containers, transport tanks, and personal protective equipment requiring
frequent movement or adjustment. It is this perfect combination of high shielding efficiency, small size,
non-toxicity, environmental friendliness, and long-term stability that makes tungsten alloy spheres one
of the most highly regarded gamma-ray shielding materials in contemporary medical radiation protection,

industrial radiation protection, and radioactive waste management.

2.11 Factors Affecting the Performance of Tungsten Alloy Balls

Tungsten alloy spheres is not an inherent constant of the material itself, but rather the result of the
synergistic control of multiple variables such as composition ratio, manufacturing process, and post-
processing. It is this high degree of designability that allows the same matrix material to generate a
complete product system covering multiple areas such as civilian counterweights, medical shielding,

high-temperature components, and precision instruments.

2.11.1 The effect of component ratio on the performance of tungsten alloy balls

The composition ratio is the primary factor determining the density, mechanical properties, magnetism,
thermal and electrical conductivity, and radiation shielding ability of tungsten alloy spheres. By precisely
adjusting the tungsten content and the type and proportion of the binder phase, a wide range of

performance optimizations can be achieved.

Tungsten content is the most direct way to control density. Increasing the tungsten ratio can significantly
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improve the overall density, allowing spheres to achieve greater mass within smaller fixture volumes,
making it suitable for space-constrained applications such as flywheels, watch rotors , and medical
collimators. Moderately reducing the tungsten content allows for the addition of a binder phase, thereby
improving toughness and machinability, meeting the higher demands for impact toughness in
applications such as vibrating screen balls and heavy-duty counterweights. The type and proportion of
the binder phase determine magnetic and functional properties. Systems using nickel-iron as the binder
phase achieve a balance between low magnetism and high strength, suitable for most high-speed rotation
and industrial counterweight applications. Systems using nickel-copper or pure copper as the binder
phase achieve complete non-magnetism and improved thermal and electrical conductivity, becoming the
preferred choice for nuclear medicine imaging, MRI environments, and electrical contact components.
Higher copper content results in better thermal and electrical conductivity, but slightly lower strength

and density, forming a typical performance trade-off.

The addition of trace functional elements further expands the dimensions of regulation. Adding cobalt,
molybdenum , and rhenium significantly improves high-temperature strength and creep resistance;
doping with elements such as boron and gadolinium endows the spheres with additional neutron
absorption capacity; rare earth or transition metal elements enhance overall mechanical properties and
radiation stability by purifying grain boundaries and suppressing oxygen inclusions. The scientific
formulation of these trace components allows tungsten alloy spheres to achieve a leapfrog performance

upgrade from general-purpose to special-functional types while maintaining the basic system unchanged.

In summary, the precise design of the component ratio gives tungsten alloy balls extremely strong
"performance tailorability". Engineers can find the optimal solution in multiple dimensions such as
density, strength, magnetism, thermal conductivity and shielding according to specific working
conditions. This is the core material basis for tungsten alloy balls to widely meet the diverse needs of

various fields from civilian use to high-end medical and industrial fields.

2.11.2 Influence of Preparation Process on the Properties of Tungsten Alloy Balls

The manufacturing process is the crucial bridge between tungsten alloy spheres and powder raw materials,
resulting in high-performance finished products. Each key step directly affects the degree of densification,

the uniformity of the microstructure, and the degree to which the final performance is achieved.

The forming method is the primary factor affecting density uniformity. Compared to compression
molding, cold isostatic pressing provides omnidirectional uniform pressure, significantly reducing the
density gradient and internal stress within the preform , resulting in sintered spheres that more closely
approximate the theoretical density and reducing the risk of cracking. High-pressure isostatic pressing
can further enhance the initial packing density of tungsten particles, creating better conditions for

subsequent liquid-phase sintering.

Sintering process parameters have the most profound impact on performance. The proper matching of

liquid-phase sintering temperature and holding time directly determines whether the binder phase
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sufficiently wets the tungsten particles and whether the tungsten particles undergo appropriate
dissolution-reprecipitation, thus affecting the interfacial bonding strength and the sphericity of the
tungsten particles. Excessively high temperatures can lead to excessive loss of the binder phase or
abnormal growth of tungsten particles, reducing toughness; too low temperatures result in insufficient
densification, forming residual porosity that becomes a weakness in strength. The choice of vacuum or
hydrogen protective atmosphere is equally crucial, as it can effectively remove harmful impurities such

as oxygen and carbon, preventing the formation of brittle inclusions.

Subsequent grinding, polishing, and heat treatment are the final refinements to performance. Multi-stage
precision grinding not only determines sphericity and surface roughness but also significantly improves
fatigue strength and wear resistance by removing the surface defect layer. Appropriate annealing or aging
treatment can eliminate residual grinding stress, optimize the state of the binder phase, and further
improve impact toughness and dimensional stability. Surface coating or chemical passivation treatment
can enhance corrosion and oxidation resistance, extending service life in humid or chemical

environments.

In summary, each step of the manufacturing process exhibits a clear performance impact: forming
determines the quality of the billet , sintering determines the microstructure and density, and post-
treatment determines the surface condition and stress distribution. Only through systematic optimization
of all process parameters can the theoretical performance potential of tungsten alloy balls be transformed
into practical engineering reliability. This is the fundamental reason for the significant differences in

performance and price between high-end tungsten alloy balls and ordinary products.

2.11.3 Influence of subsequent processing on the properties of tungsten alloy balls

Subsequent processing is a crucial step in the transformation of tungsten alloy spheres from sintered
blanks into high-precision functional finished products, directly affecting the surface integrity,
dimensional accuracy, mechanical properties, and long-term service reliability of the spheres. This stage
encompasses multiple processes such as grinding and polishing, heat treatment, surface modification,
and quality sorting. Each step requires precise control to avoid introducing new defects or destroying the

microstructural advantages accumulated from previous processes.

Grinding and polishing, as core processes, have the most direct impact on surface quality and mechanical
properties. Through progressive grinding with multi-stage diamond abrasives or ceramic media, the
surface of the sphere can gradually evolve from a rough blank state to a mirror-like finish, not only
improving sphericity and roundness but also significantly reducing surface microcracks and residual
stress. This surface optimization directly improves fatigue resistance and wear resistance, making the
sphere less prone to spalling or pitting during high-speed rolling or repeated impacts. Over-grinding,
however, may lead to excessive exposure of tungsten particles on the surface, reducing the thickness of
the tough layer and inducing brittle failure; therefore, strict control of the removal amount and polishing

pressure is necessary.
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The heat treatment process is mainly used to release residual stress from sintering and grinding, and to
further optimize the state of the binder phase. Appropriate vacuum annealing or low-temperature aging
can promote the diffusion and bonding of tungsten particles at the interface with the binder phase,
improving overall impact toughness and high-temperature stability, while avoiding grain coarsening
caused by high-temperature recrystallization. Improper heat treatment may cause slight dimensional
changes or internal porosity expansion, affecting the long-term dimensional stability of the precision

counterweight sphere.

Surface modification treatments such as nickel plating, gold plating, chemical passivation, or PVD
coating enhance functionality to meet specific environmental requirements. The coating not only
improves corrosion resistance and oxidation resistance but also reduces the coefficient of friction and
secondary electron emission, ensuring consistent performance of the spheres in humid, acidic , alkaline ,
or vacuum environments. Controlling coating thickness and adhesion is crucial; excessive thickness may

lead to peeling, while insufficient thickness fails to provide effective protection.

The quality sorting and final inspection processes utilize non-destructive methods such as magnetic
levitation, laser scanning, or optical imaging to ensure batch-to-batch consistency. This sorting not only
eliminates defective balls but also categorizes them based on differences in microscopic properties,
directly determining whether the balls can be matched for applications such as high-end bearings,
medical collimators, or precision instruments. The overall impact of subsequent processing can be
summarized as "surface optimization, stress relief, functional enhancement, and quality assurance," and
its scientific execution represents the final leap for tungsten alloy balls from qualified products to superior

functional components.

2.12 CTIA GROUP LTD Tungsten Alloy Ball MSDS

The Safety Data Sheet (MSDS) for tungsten alloy spheres manufactured by CTIA GROUP LTD is a
standard chemical safety document developed for the company's high-density tungsten-based alloy
spheres . It aims to provide comprehensive risk assessment and protection guidance throughout the entire
lifecycle of production, transportation, use, and disposal. As a high-tech enterprise specializing in
tungsten materials , CTIA GROUP LTD 's MSDS strictly adheres to international standards (such as GHS
guidelines) and national regulations (such as GB/T 16483), covering core sections such as substance
identification, hazard classification, first aid measures, fire response, spill handling, exposure control,
physicochemical properties, stability and reactivity, toxicological information, ecological impact, waste
disposal, transportation information, and regulatory information, ensuring safety and compliance for

users in industrial, civil, or medical applications .

The material identification section first clarifies the chemical identity of the tungsten alloy spheres: the
CAS number is primarily tungsten (7440-33-7), supplemented with nickel (7440-02-0), iron (7439-89-
6), or copper (7440-50-8), etc. They are high-density metallic spheres, typically with a silver-gray or
metallic luster. The document emphasizes that the spheres are solid powder metallurgy products, not in

dust form, and release no volatile gases.
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The physicochemical properties section describes tungsten alloy balls as high-melting-point, high-
temperature resistant metal composites with extremely low solubility, insoluble in water, but soluble in

aqua regia or hot concentrated sulfuric acid.

The transport information classifies tungsten alloy balls as non-dangerous goods and allows them to be
transported as ordinary metal products. Regulatory information lists REACH and RoHS compliance

declarations , as well as compliance with Chinese GB 30000 series standards.

CTIA GROUP LTD Tungsten Alloy Balls
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CTIA GROUPLTD
High-Density Tungsten Alloy Customization Service

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

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

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

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

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

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

Service commitment

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

in 30 years!

Contact us

Email: sales@chinatungsten.com
Tel: +86 592 5129696
Official website: www.tungsten-alloy.com
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Chapter 3 Classification of Tungsten Alloy Balls

3.1 Classification of Tungsten Alloy Balls by Composition

Classifying tungsten alloy spheres by composition is the most fundamental and practical method, as the
type and proportion of the binder phase directly determine density, magnetism, thermal conductivity,
strength, and special functions. This is a crucial dimension that must be clearly defined when selecting
spheres. Currently, the two most mature and widely used industrial systems are W-Ni-Fe alloy spheres

and W-Ni-Cu alloy spheres, which cover almost all mainstream needs.

3.1.1 W-Ni-Fe alloy spheres

W-Ni-Fe alloy spheres are composed of tungsten as the main component and nickel-iron as the binder
phase, compounded in a specific ratio. They are currently the most produced, best-performing, and most
widely applicable type of tungsten alloy sphere. Nickel's primary role is to provide excellent wettability,
allowing tungsten particles to rearrange fully and form a dense framework during liquid-phase sintering.
The addition of iron further strengthens the nickel-based binder phase, achieving an optimal balance
between strength and toughness. After sintering, this system exhibits a typical two-phase structure: hard
tungsten particles interconnect to form a continuous framework, while the nickel-iron solid solution fills
the spaces and bridges each tungsten particle, maintaining both extremely high density and room-

temperature ductility and impact toughness far exceeding that of pure tungsten.

Due to the presence of the nickel-iron binder phase, the spheres in this system typically possess weak
magnetism. However, in most industrial counterweights, engineering machinery balance blocks, oil valve
weight balls, racing car flywheels, vibrating screen media balls, and counterweights for large rotating
equipment, this slight magnetism poses no interference and instead becomes a convenient feature for
identification and sorting. Benefiting from its high strength and hardness, W-Ni-Fe spheres exhibit an
extremely long service life under repeated impacts, heavy-load rolling, and high-temperature friction,
with the surface less prone to fatigue spalling or plastic deformation. Manufacturers often fine-tune the
nickel-iron ratio to achieve a more precise balance between strength and toughness: a slightly higher iron
content results in superior strength, suitable for heavy-load static counterweights; a slightly higher nickel

content provides better toughness, suitable for high-speed dynamic balancing.

In the civilian sector, W-Ni-Fe spheres, due to their controllable cost, stable supply, and reliable
performance, have become the dominant material for fishing sinkers, golf ball head cores, sports
equipment counterweights, and high-end watch automatic rotors . In the industrial sector, they are widely
used in bridge cable saddle counterweights, elevator balance weights, ship ballast, and precision

measuring weights.

3.1.2 W-Ni-Cu alloy spheres

W-Ni-Cu alloy spheres use copper instead of iron as the main binder, thus completely eliminating
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magnetism and making them the only choice for all electromagnetically sensitive applications. Copper
and tungsten also do not form ferromagnetic phases, and copper itself is completely non-magnetic. The
nickel content is also strictly controlled within a safe range to prevent magnetism, ultimately resulting in
a relative magnetic permeability of the spheres approaching vacuum levels. This completely non-
magnetic characteristic allows them to be used without reservation in the periphery of MRI equipment,
PET-CT and SPECT collimators, vibration damping blocks for optical precision platforms, high-
precision balances, and any scientific instrument with extremely high requirements for magnetic field

cleanliness.

During sintering, the copper phase forms a continuous or semi-continuous network, which not only
makes the spheres completely non-magnetic but also significantly improves their thermal and electrical
conductivity, making them excellent in conditions requiring rapid heat dissipation or static electricity
dissipation . Copper's excellent resistance to atmospheric corrosion also allows W-Ni-Cu spheres to
maintain a bright surface with almost no oxidation or discoloration in humid, salt spray, or weakly
acidic/alkaline environments, a feature particularly valuable for medical devices and cleanroom
equipment. Compared to the W-Ni-Fe system, the strength and hardness of W-Ni-Cu spheres are slightly
lower, but still far superior to traditional weighting materials such as lead and aluminum, and their

toughness is sufficient to withstand most dynamic loads.

In the medical field, W-Ni-Cu spheres have become the standard filling material for radiotherapy
collimators, Gamma Knife focusing apertures, and shielding components of various medical linear
accelerators. They provide extremely high gamma-ray attenuation efficiency without interfering with
magnetic resonance imaging. In the field of precision instruments, they are used as mass blocks for
magnetic levitation turntables, counterweights for seismic detectors, vibration isolation systems for laser
interferometers, and calibration weights for high-end analytical balances. High-end consumer products,
such as the rotors of luxury mechanical watches and vibration-damping feet for Hi-Fi audio systems, are
also increasingly choosing W-Ni-Cu spheres to completely eliminate the potential influence of
magnetism on weak signals. It is this unique combination of "high density + complete non-magnetism +
corrosion resistance and thermal conductivity" that has established W-Ni-Cu alloy spheres as an
unshakeable leader in electromagnetic cleanliness and medical safety, making them one of the most

technologically advanced and value-added representatives in the tungsten alloy sphere family.

3.1.3 W-Cu alloy spheres

W-Cu alloy spheres are prepared using a powder metallurgy copper infiltration process. Tungsten
particles are first sintered into a porous framework, and then molten copper is completely infiltrated into
the pores, forming a typical pseudo-alloy structure. The copper phase and tungsten are not mutually
soluble, but they are tightly embedded at the microscopic level, ultimately exhibiting a perfect fusion of
the high hardness and high density of tungsten and the excellent thermal and electrical conductivity of
copper. Due to its typically high copper content, W-Cu spheres have a slightly lower overall density than
W-Ni-Fe and W-Ni-Cu systems, yet possess the highest thermal and electrical conductivity of all tungsten

alloy spheres. Heat and current can be conducted almost unimpeded within the copper network , making
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it the preferred material for applications requiring both high density and extreme heat dissipation. In
high-power-density electronic packaging, 5G base station filter heatsinks, chip test socket thermal pads,
and high-current resistance welding electrode balls, W-Cu spheres can rapidly dissipate localized high

temperatures, preventing cracking or performance drift caused by thermal stress concentration.

The copper phase also endows the spheres with excellent resistance to arc erosion. In applications
involving frequent switching of large currents, such as high-voltage vacuum switches, thyristor contacts,
and EDM electrodes, the surface of W-Cu spheres only undergoes slight melting and evaporation under
arc impact. The tungsten framework immediately supports the new surface, maintaining stable contact
resistance and extending the lifespan far beyond pure copper or copper alloys. The surface is easily plated
with silver or gold, further reducing contact resistance and oxidation tendency. W-Cu alloy spheres have
become indispensable high-performance functional spheres in modern power electronics, rail transit
electrical contacts, and high-end welding equipment, holding an absolute dominant position in fields

seeking the optimal balance between density, thermal conductivity, and arc resistance.

3.1.4 W-Ag alloy balls

W-Ag alloy balls are also prepared using a silver infiltration process. Although silver has a lower melting
point than copper, its electrical and thermal conductivity are superior to copper, and it has stronger
oxidation resistance in a vacuum or inert atmosphere. Therefore, it has become the top choice for

applications with stringent requirements for electrical contact performance.

The silver phase forms a highly interconnected conductive network inside the sphere, giving W-Ag
spheres the lowest resistivity and highest resistance to arc erosion among all metallic materials. Even
under impact currents of thousands of amperes, the silver undergoes only slight evaporation, and the
tungsten framework rapidly forms new stable contact surfaces, ensuring that the contact resistance hardly
increases with the number of switching operations. This characteristic makes it a core contact material
in high-voltage DC relays, high-power vacuum circuit breakers, and aerospace-grade electrical

connectors.

Silver's ductility also provides excellent resistance to cold soldering and self-cleaning capabilities. It is
less prone to adhesion or carbon buildup in environments with frequent insertion/removal or vibration,
making it particularly suitable for precision electrical contact applications with extremely high reliability
and lifespan requirements. Simultaneously, silver itself possesses broad-spectrum antibacterial
properties , giving W-Ag balls a natural advantage in hygiene-sensitive applications such as medical
electrical equipment and food processing machinery contacts. Although it has the highest cost, its
unparalleled comprehensive electrical contact performance ensures that W-Ag alloy balls remain firmly

at the top of the pyramid of high-end electrical contact materials.

3.1.5 Other Components Tungsten Alloy Balls

Tungsten alloy balls with different compositions that are deeply customized for special working
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conditions have also achieved stable mass production or small-batch supply, representing the latest

extension of the tungsten alloy ball material system towards functionalization and extreme applications.

Tungsten alloy spheres doped with neutron absorbers have high capture cross-section elements such as
boron, gadolinium , and samarium directionally added to a W-Ni-Fe or W-Ni-Cu matrix. This allows the
spheres to achieve excellent neutron absorption capacity while maintaining high-density gamma
shielding. They are widely used in nuclear medicine treatment rooms, research reactor shielding layers,

and radioactive isotope containers to achieve integrated protection against mixed radiation fields.

containing rhenium or molybdenum significantly increase recrystallization temperature and high-
temperature strength by adding small amounts of refractory elements such as rhenium and molybdenum.
This allows the balls to maintain hardness and dimensional stability at temperatures of several hundred
degrees or even higher, making them suitable for high-temperature bearings, hot-working mold rolling

parts, and counterweights and moving parts in high-temperature vacuum equipment.

Rare earth modified tungsten alloy spheres, through the addition of trace amounts of rare earth elements
such as yttrium , lanthanum, and cerium, significantly purify grain boundaries, refine tungsten particles,
and inhibit irradiation swelling, greatly improving structural stability under long-term irradiation
conditions. They are mainly used in medical accelerator target chamber components and high-flux

isotope reactor internals.

Nanocrystalline or amorphous bonded phase tungsten alloy spheres represent a cutting-edge research
direction. By rapidly solidifying or mechanically alloying processes, ultrafine or even amorphous bonded
phases are obtained, enabling the spheres to achieve higher strength and wear resistance while
maintaining high density. Currently, they have begun to be used in high-performance applications such
as high-end watch rotors and vibration damping spheres for precision instruments. these special tungsten
alloy balls have a small production volume and high cost, they have greatly expanded the application
boundaries of tungsten alloy balls, successfully transforming them from traditional high-density
counterweight materials into highly customizable multifunctional precision components, fully

demonstrating the infinite extensibility and engineering potential of the tungsten alloy ball system.

3.2 Classification of Tungsten Alloy Balls by Precision

Precision is the most direct quality grading standard for tungsten alloy balls, directly determining their
applicability in scenarios such as rolling contact, dynamic balance, radiation collimation, and appearance
requirements. The industry has established a clear two-tier division: precision grade and ordinary grade,
with significant differences between the two in terms of grinding processes, testing methods, and final

performance and price.

3.2.1 Precision-grade tungsten alloy balls

Precision-grade tungsten alloy spheres represent the highest level of current tungsten alloy sphere
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processing technology. Their sphericity, roundness, surface roughness, and batch consistency are all
controlled within extremely stringent ranges, fully meeting the most demanding requirements of high-

end medical imaging, precision instruments, scientific experiments, and high-end consumer products.

The production process employs multi-stage progressive diamond grinding combined with
magnetorheological polishing or ultrasonic-assisted fine grinding technology. From rough grinding to
mirror polishing, it typically requires more than ten steps, each completed in a constant temperature,
humidity, and clean environment. The sphere undergoes real-time monitoring with high-precision laser
scanning or optical interferometers at each stage to ensure that deviations are eliminated progressively
rather than accumulated. The final surface achieves a mirror-like finish, with virtually no visible grinding

marks and a silky smooth feel to the touch.

This extreme precision is first manifested in nuclear medicine collimators and radiotherapy focusing
systems: only precision-grade tungsten alloy spheres can guarantee the geometric consistency of tens of
thousands of micro-channels, enabling the gamma-ray beam to be focused with pen-tip sharpness,
avoiding scattering interference and dose leakage. In the fields of high-end mechanical watch automatic
rotors , laser gyroscope test turntables, vibration damping mass blocks for optical isolation platforms,
and national metrological standard weights, precision-grade spheres ensure uniform mass distribution at
the microgram level and submicron-level dynamic balance, allowing the system to maintain perfect
stability even under extremely quiet or high-speed conditions. Precision-grade tungsten alloy spheres are
usually supplied in small batches with high added value, packaged in vacuum-sealed individual vials or
nitrogen-filled boxes, with each sphere accompanied by a unique serial number and a full-size inspection
report. They are not only materials but are also considered core functional components of precision
scientific instruments. Their processing difficulty and cost are far higher than ordinary-grade spheres, yet
they provide irreplaceable guarantees for medical safety, scientific research accuracy, and high-end

manufacturing.

3.2.2 Ordinary Grade Tungsten Alloy Balls

Standard-grade tungsten alloy balls target large-scale industrial and civilian markets. Precision control
balances functional requirements with cost and output, making them the most shipped tungsten alloy ball
category globally. Their processing is relatively simplified, typically using large-capacity horizontal or
vertical grinding mills with ceramic media or steel balls for batch grinding, supplemented by grading
sieves and eddy current testing to remove surface defects. The surface exhibits a uniform matte or semi-
gloss finish, with no obvious scratches or pits visible to the naked eye, sufficient for most counterweight
and low-to-medium speed rolling applications. While sphericity and diameter tolerances are not as
stringent as precision-grade balls, they far exceed those of traditional cast lead or steel balls, making
them perfectly capable of applications such as engineering machinery counterweights, ship ballast,
elevator counterweights, heavy balls for oil valves, vibrating screen media balls, fishing sinkers, and golf

club head cores.

Ordinary-grade spheres are produced with an emphasis on batch uniformity and cost-effectiveness. They
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are typically packaged in bulk by kilogram or ton , or in simple plastic bags. Testing is mainly based on
sampling, and reports only provide average values and ranges. This positioning allows them to respond
quickly to bulk purchasing demands at highly competitive prices, making them the primary carrier for

lead substitution in tungsten alloy spheres .

Although not as precise as precision-grade tungsten alloy balls, standard-grade tungsten alloy balls are
completely identical to precision-grade balls in core indicators such as density, hardness, and corrosion
resistance, with only reasonable compromises made in surface finish and geometric tolerances. This
"good enough is good enough" design philosophy has driven the large-scale adoption of environmentally
friendly high-density materials globally, forming a solid foundation for green upgrades from heavy

industry to everyday consumer goods.

3.3 Classification of Tungsten Alloy Balls by Application

Classifying by application is the most relevant way to categorize materials based on end-user needs,
directly translating material properties into specific engineering value. Currently, the three main
application categories recognized in the industry are counterweight tungsten alloy balls, shielding
tungsten alloy balls, and bearing tungsten alloy balls, which cover more than 90% of the actual

application scenarios for tungsten alloy balls.

3.3.1 Counterweight-grade tungsten alloy balls

Counterweight tungsten alloy balls are the most produced and widely used category in the tungsten alloy
ball family. Their core mission is to provide maximum mass within a minimal volume, thereby achieving
product miniaturization, structural compactness, and optimized dynamic performance. Whether it's
counterweights in heavy engineering machinery, heavy balls in oil drilling valves, ship keel ballast,
elevator counterweight systems, or racing car flywheels, golf ball head cores, fishing sinkers, or
automatic rotors in luxury mechanical watches , counterweight tungsten alloy balls are the irreplaceable

material of choice due to their unparalleled volume-to-mass ratio.

These spheres typically utilize W-Ni-Fe or W-Ni-Cu systems, with the highest density range and standard
surface finishes, while maintaining strict cost control to balance performance and economy. In high-
speed rotating clock rotors or racing car flywheels, counterweight spheres concentrate the moment of
inertia within a very small radius, significantly improving energy storage efficiency and response speed.
In static load applications such as bridge cable saddles and tower crane counterweights, they achieve the
same balancing effect with a volume far smaller than lead or concrete, greatly saving installation space
and transportation costs. Their environmental friendliness is a decisive advantage in replacing lead
products; their completely non-toxic and recyclable properties easily meet the most stringent EU RoHS,
North American consumer product safety regulations, and Chinese environmental standards.
counterweight tungsten alloy balls are highly standardized. Companies typically maintain stock in
diameter series, and users only need to provide their target weight and installation space to quickly find

the optimal specifications. It is this "plug-and-play" convenience, combined with the advantages of
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"smallest size, largest weight, and green and non-toxic," that has made counterweight tungsten alloy balls
one of the most successful and widely adopted products in the lead substitution wave of the past two

decades.

3.3.2 Shielding-grade tungsten alloy spheres

Shielding-grade tungsten alloy spheres are designed specifically for radiation protection. Their core value
lies in achieving maximum attenuation efficiency against gamma rays, neutrons, or mixed radiation with
minimal volume and weight. They are the most compact and environmentally friendly shielding materials

in modern medical, industrial flaw detection, and nuclear technology facilities.

In medical linear accelerator treatment rooms, PET-CT machine rooms, Gamma Knife, industrial CT
flaw detection darkrooms, and radioactive isotope storage and transportation containers, shielding-grade
tungsten alloy spheres are typically filled into multi-layered shielding walls, revolving doors, locally
reinforced areas, or movable shielding containers, forming a dense yet flexible and adjustable protective
structure. Compared to traditional lead bricks, it has only about two-thirds the volume of lead while
maintaining the same shielding effect, significantly reducing weight and facilitating equipment
miniaturization and modular design. Its completely non-toxic, creep-free, and non-sputtering properties

completely eliminate the risk of lead contamination and long-term deformation.

For mixed radiation fields requiring simultaneous blocking of gamma rays and neutrons, shielding
spheres often employ modified formulations doped with elements such as boron and gadolinium to
achieve integrated gamma-neutron shielding. The spherical geometry also provides additional scattering
suppression advantages; the naturally formed curved channels between the spheres effectively extend the
paths of photons and neutrons, further enhancing the overall attenuation factor. In shielding doors and
the filling area around the lead glass of observation windows that require frequent opening, the

flowability of tungsten alloy spheres makes installation and maintenance extremely convenient.

Shielding-grade tungsten alloy spheres typically require non-magnetic or low-magnetic properties to
avoid interfering with the magnetic field of imaging equipment. Therefore, W-Ni-Cu systems and
absorber-modified W-Ni-Cu spheres have become the mainstream choice. Their surfaces undergo special
passivation or gold plating treatments to further reduce secondary electron and photon scattering. They
are supplied in high-value, small-batch formats, with each batch accompanied by a detailed shielding
performance verification report, making them the most efficient, environmentally friendly, and reliable

shielding medium in the contemporary medical and industrial radiation protection fields.

3.3.3 Tungsten alloy balls for bearings

Tungsten alloy bearing balls represent the high-end application of tungsten alloy balls in precision
moving parts. Their mission is to achieve ultra-long service life and ultra-low friction under extreme
loads, corrosive media, or high-temperature vacuum environments, utilizing extremely high hardness,

excellent wear resistance, and fatigue resistance . In harsh operating conditions where conventional
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industrial bearings struggle, such as in strong acid and alkali pumps, deep-sea equipment, seawater
desalination high-pressure pumps, chemical mixing vessels , and high-temperature vacuum furnace
transmission systems, tungsten alloy bearing balls offer several times the wear life of traditional steel
balls due to their hardness and chemical stability far exceeding that of bearing steel. The hard skeleton
of tungsten particles effectively resists micro-cutting and pitting corrosion, while the toughness of the
binder phase avoids the brittle fragmentation common in ceramic balls, maintaining extremely high

reliability in environments with both impact and vibration.

In applications requiring extremely low friction coefficients and extremely high speeds, such as ultra-
high-speed dental handpieces, high-speed spindles, and precision centrifuges, precision-grade tungsten
alloy balls, after mirror polishing and special surface modification, can achieve near-ceramic ball-like
low friction under oil lubrication or lean oil conditions. Their density advantage also makes centrifugal
force more controllable and dynamic balance easier to achieve. Vacuum and high-temperature bearings
are where they truly excel. Tungsten alloy balls exhibit minimal hardness and strength degradation at
hundreds of degrees Celsius, and their binder phase does not volatilize or carbonize like grease, making
them the sole choice for aerospace vacuum mechanisms, semiconductor coating equipment, and
transmission components in high-temperature heat treatment furnaces. Tungsten alloy balls for bearings
have extremely high requirements for precision, consistency, and surface integrity, typically employing
precision or even ultra-precision standards. Each ball undergoes eddy current testing and full-size optical
inspection. The surface is often treated with DLC diamond-like carbon coating or MoS: solid lubricant
to further reduce friction and wear. They are supplied in extremely small batches at extremely high unit
prices, yet they bring revolutionary improvements in lifespan and extended maintenance cycles to critical
equipment, and have become an indispensable core ball bearing material for modem high-end

manufacturing and moving parts under special working conditions.

3.3.4 Tungsten Alloy Health Ball

The historical origins and cultural connotations of tungsten alloy health balls

Exercise balls, as a traditional health care tool, have a history dating back centuries to Eastemn
civilizations. Initially, natural materials such as walnuts and jade were used. With the development of
metallurgy, metals gradually became an important material for making exercise balls. Tungsten alloy
exercise balls, as a product combining modern technology and traditional health concepts, not only
continue ancient cultural genes but also achieve significant breakthroughs in materials science and
manufacturing processes. This evolution reflects humanity's continuous pursuit of a healthy lifestyle and
its ongoing exploration of the functionality of tools. From a cultural perspective, the use of exercise balls
embodies profound philosophical thought; their rotational movement symbolizes the traditional concepts
of the cycle of heaven and earth and the harmony of yin and yang, achieving a state of physical and

mental balance through the regular movement of the hands.

In contemporary society, the cultural value of tungsten alloy health balls has been reinterpreted and

developed. Their exquisite craftsmanship and unique design not only embody practical functions but also
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become a cultural symbol and an art form. Many well-made health balls are engraved with traditional
patterns or calligraphy, perfectly blending artistic aesthetics with fitness functionality. This cultural
carrier characteristic elevates tungsten alloy health balls beyond ordinary fitness equipment, making
them an important medium for disseminating traditional culture. Simultaneously, with the popularization
of health awareness, the user base of health balls continues to expand, and their cultural connotations are
constantly enriched and updated during use. Users of different ages and backgrounds have built bridges

for cultural exchange through this device, forming a unique health ball cultural phenomenon.

From a social function perspective, the use and dissemination of tungsten alloy health balls have
promoted the popularization of healthy living concepts. In community activities and health lectures,
health balls are often used as demonstration tools to guide people to pay attention to hand health and full-
body coordination training. This subtle form of health education has a positive impact on improving
public health literacy. Furthermore, the health ball culture has also promoted the development of related
industries, forming a complete industrial chain from material research and development to process
innovation, from usage instruction to cultural promotion. This process not only creates economic value
but, more importantly, inherits and develops traditional health culture, giving it new vitality in modem

society.

A perfect combination of material properties and ergonomic design

the tungsten alloy health ball is primarily due to its unique material properties. As a high-density metallic
material, tungsten alloy possesses excellent physical and chemical properties. Its significant high density
allows the health ball to have a suitable weight within a relatively small volume; this optimized weight-
to-volume ratio provides the user with just the right amount of exercise load. The material's hardness and
wear resistance ensure that the product maintains a long-lasting surface finish and dimensional stability
during use, preventing surface wear from affecting the user experience. Simultaneously, the excellent
thermal conductivity of tungsten alloy allows it to quickly adapt to the temperature of the palm, providing
a comfortable feel. The combined effect of these material properties lays the material foundation for the
health ball 's functionality.

At the design level, the tungsten alloy health ball fully considers ergonomic principles. The diameter of
the ball is precisely calculated to ensure sufficient movement space while adapting to different hand sizes.
The surface treatment uses a special process that maintains a certain coefficient of friction to prevent
slipping while avoiding excessive roughness that could cause hand discomfort. The weight distribution
is carefully designed to ensure a stable center of gravity and smooth movement trajectory during rotation.
Some high-end products also feature a hollow design with an internal sound-emitting device that
produces a crisp, pleasant sound when rotating. This auditory feedback not only increases the enjoyment

of use but also helps users master the thythm of their exercise.

Modern tungsten alloy health balls also incorporate intelligent elements. Some products have built-in
motion sensors that record data such as the number of rotations and exercise duration, and sync this data

to mobile devices wirelessly. Users can analyze their exercise data through a dedicated app and receive
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personalized fitness advice. This fusion of traditional fitness equipment and modern technology greatly
expands the functional boundaries of health balls . Furthermore, considering the specific needs of
different user groups, manufacturers have developed a series of products, including basic models suitable
for beginners, medical models suitable for rehabilitation training, and advanced models for professionals.
This differentiated design reflects a human-centered design philosophy, enabling tungsten alloy health

balls to meet the needs of a wider range of users.

Precision requirements for manufacturing process and quality control

tungsten alloy health spheres involves multiple precision steps, each requiring strict quality control. The
proportioning and preparation of raw materials are fundamental to ensuring the quality of the final
product. High-purity tungsten powder and other alloying elements need to be formulated in specific
proportions and uniformly distributed using advanced mixing equipment. In the forming stage, isostatic
pressing technology is used to ensure consistent density in all directions of the billet, preventing internal
defects. The sintering process is the core of the entire manufacturing process, requiring precise control
of the temperature profile and atmosphere to allow powder particles to form a dense metallic structure
through diffusion. Any deviation in parameters during this process can lead to a decrease in product

performance.

The finishing stage plays a decisive role in the final quality of the health ball . Through multiple grinding
processes, surface defects are gradually eliminated to achieve the required dimensional accuracy and
surface finish. Special attention must be paid to controlling cutting parameters during grinding to avoid
micro-cracks or stress concentration. The polishing process must not only achieve a mirror-like gloss
effect but also maintain the geometric accuracy of the sphere. For sound-producing health balls, the
machining of the internal cavity and the installation of the sound-generating device require extremely
high precision to ensure a crisp, pleasant sound with moderate volume. The final surface treatment, such
as electroplating or spraying, must consider both aesthetics and ensure the durability and biocompatibility

of the coating.

A quality control system is implemented throughout the entire manufacturing process. From raw material
warehousing to finished product delivery, strict testing standards are set at every stage. Advanced testing
equipment, such as 3D measuring instruments and acoustic analyzers, is widely used on the production
floor to monitor product quality in real time. Particularly important is the testing of the dynamic
performance of the health ball , including multiple indicators such as rotational balance, sound quality,
and surface durability. Manufacturers also need to establish a comprehensive traceability system to
ensure that each product can be traced back to its specific production batch and process parameters. These
stringent quality control measures not only guarantee the product's performance but also provide reliable
safety assurance for users. With advancements in manufacturing technology, some leading companies
have begun to introduce intelligent manufacturing systems, continuously optimizing production
processes and improving the stability and consistency of product quality through data analysis and

machine learning.
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Scientific Analysis of Efficacy and Health Benefits

tungsten alloy health balls are based on scientific principles, with their mechanism of action involving
multiple physiological systems. The hand, as one of the areas with the richest nerve endings in the human
body, can have its acupoints and reflex zones stimulated through the regular movement of the health ball ,
thereby regulating the functions of corresponding intemal organs. This stimulation is based on the
principle of nerve reflexes, transmitted through the spinal cord and brainstem to the cerebral cortex,
forming a complete neural regulatory circuit. Simultaneously, the rotational movement requires the
coordinated action of multiple muscle groups in the hand; this fine motor training helps maintain and
improve hand motor function, and is particularly beneficial in preventing and alleviating degenerative

changes in the hand joints.

From a sports medicine perspective, health ball exercise is a low-intensity, continuous aerobic exercise.
This type of exercise is suitable for people of all ages, especially middle-aged and elderly users. The
regular rotating motion can promote blood circulation in the upper limbs and improve peripheral blood
supply, which is effective in preventing symptoms such as cold and numb hands. In addition, this exercise
requires a high level of concentration and hand-eye coordination; long-term consistent training helps
improve the reaction speed and coordination of the nervous system. Some studies have also shown that
health ball exercise has a positive impact on maintaining and improving cognitive function, possibly

related to its promotion of cerebral blood circulation and neuroplasticity.

From a mental health perspective, the use of tungsten alloy health balls has unique value. Their rhythmic
rotation has a meditative effect, helping users relax and relieve stress. The crisp sound provides auditory
feedback while creating a tranquil and peaceful atmosphere. Many users report achieving a state of mind-
body balance during health ball practice , an experience highly beneficial to mental well-being. From a
preventative medicine perspective, regular health ball exercise can be an important component of a
comprehensive health management plan, particularly suitable for self-regulation in today's fast-paced
lifestyle. It is important to note that to achieve the ideal health benefits, it is necessary to master the
correct usage method and maintain a regular exercise habit, ideally with a personalized exercise plan

developed under the guidance of a professional.

3.3.5 Tungsten alloy balls for medical collimators

Basic principles and functional requirements of tungsten alloy balls for medical collimators

In modern medical equipment, the collimator, as a core component of radiation imaging and treatment
systems, directly affects the accuracy and safety of medical procedures. Essentially, a collimator is a
device that uses a special structure to control the spatial distribution of a radiation beam, operating on
the principle of selective transmission of radiation particles. In complex medical applications, the
collimator needs to precisely shape the radiation field distribution according to different clinical needs,
ensuring that the radiation dose is accurately projected onto the target area while minimizing irradiation

of surrounding healthy tissues. This precise control capability is crucial for improving diagnostic and
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treatment outcomes and reducing the risk of complications.

Tungsten alloy spheres play a crucial role in collimator systems, their functionality relying on precise
mechanical structures and advanced control systems. These spheres, through specific arrangements and
motion mechanisms, can dynamically adjust the opening and closing of the radiation path, achieving
real-time modulation of the radiation beam. In diagnostic equipment, collimators need to provide a
uniform radiation field distribution to ensure stable image quality; in therapeutic equipment, they are
required to achieve a three-dimensional conformal distribution of radiation dose, precisely covering the
target tissue. This functional versatility places extremely high demands on the manufacturing precision
and motion reliability of the tungsten alloy spheres; any minute dimensional deviation or motion error

can lead to distortion of the radiation field distribution, affecting medical outcomes.

From a system integration perspective, the functionality of tungsten alloy balls in collimators requires
collaboration with multiple subsystems. The drive control system needs to ensure precise ball positioning,
the monitoring system needs to provide real-time feedback on the ball's motion status, and the safety
system needs to ensure timely protective measures are taken in abnormal situations. This multi-system
collaboration demands that tungsten alloy balls not only possess excellent physical properties but also
maintain good compatibility and reliability with surrounding components. With the deepening
development of precision medicine, modern collimators are placing increasingly higher demands on the
performance of tungsten alloy balls, including higher motion accuracy, faster response speed, and longer
service life. These requirements are driving continuous innovation and development in tungsten alloy

ball manufacturing technology.

tungsten alloy balls

The selection of materials for medical collimators is based on rigorous scientific evaluation and long-
term practical verification. Tungsten alloys are chosen as the ideal material for manufacturing collimator
spheres primarily due to their unique physical and chemical properties. In terms of radiation shielding,
tungsten alloys possess excellent mass attenuation coefficients and high linear absorption coefficients,
effectively blocking various types of radiation particles. This shielding effectiveness stems from the high
atomic number and sufficient material density of tungsten , allowing the tungsten alloy sphere to achieve
the desired protective effect with arelatively small thickness. Simultaneously, tungsten alloys also exhibit
outstanding mechanical properties, possessing high strength and hardness, ensuring that the sphere

maintains stable geometric shape and dimensional accuracy during long-term use.

The thermophysical properties of the material are another important consideration . During the operation
of medical equipment, the collimator system may face varying degrees of heat load, especially under
high-load operating modes. Tungsten alloys possess excellent thermal stability and thermal conductivity,
enabling them to dissipate accumulated heat promptly and avoid dimensional fluctuations or performance
degradation caused by temperature changes. Furthermore, the corrosion resistance and fatigue resistance
of tungsten alloys are also noteworthy, ensuring the long-term reliability of the sphere in complex

medical environments. It is important to note that different proportions of tungsten alloys exhibit certain
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performance differences; therefore, the most suitable material formulation must be selected based on the
specific application scenario, seeking the optimal balance between shielding effectiveness, mechanical

properties, and processing difficulty.

From a materials preparation perspective, quality control of tungsten alloys begins with the selection and
pretreatment of raw materials. High-purity tungsten powder and alloying additives require rigorous
compositional analysis and physical property testing to ensure batch-to-batch consistency. In powder
metallurgy, the control of process parameters directly affects the microstructure and final properties of
the material. Uniform grain distribution, suitable porosity, and good interfacial bonding are key indicators
for obtaining high-quality tungsten alloys. Modern materials analysis techniques, such as scanning
electron microscopy and X-ray diffraction, provide a scientific basis for material performance evaluation.
Through these advanced analytical methods, we can gain a deeper understanding of the intrinsic
relationship between material composition, structure, and properties, providing theoretical guidance for

material optimization and selection.

Precision manufacturing process and quality control system

Tungsten alloy balls for medical collimators is a systematic engineering project integrating materials
science, precision machining, and quality control. The manufacturing process begins with the powder
metallurgy stage, where precise control of powder ratio, forming pressure, and sintering parameters
yields a billet with ideal density and microstructure. Process optimization at this stage requires
comprehensive consideration of material densification behavior, grain growth kinetics, and alloy element
diffusion mechanisms to ensure the billet achieves the required physical properties while minimizing
internal defects and residual stress. The sintered billet then undergoes precision machining to gradually
achieve the designed geometric dimensions and surface quality. This process involves the combined

application of various machining methods and fine adjustment of process parameters.

In the finishing stage, the focus of the manufacturing process shifts to controlling geometric accuracy
and ensuring surface integrity. Through CNC grinding and polishing techniques, the roundness, diameter
consistency, and surface roughness of the spheres are strictly controlled within micron-level tolerances.
The technological challenge at this stage lies in how to ensure efficient material removal while avoiding
machining damage. A reasonable process sequence design, optimized cutting parameter selection, and
appropriate cooling and lubrication conditions are all key factors in ensuring machining quality. Of
particular note is the need for strict control of the heat-affected zone and mechanical stress during
machining to prevent changes in microstructure or damage to surface integrity. These minute defects can

affect the long-term performance stability of the spheres under radiation environments.

A quality control system is implemented throughout the entire manufacturing process, establishing a
complete set of testing standards and monitoring methods. From raw material warehousing to finished
product delivery, each stage has clearly defined quality control points. Geometric dimensions are
measured using high-precision three-dimensional measuring equipment, surface quality is assessed using

advanced microscopes and profilometers, and material performance is verified through professional
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physicochemical analysis. In addition to routine testing items, functional tests are conducted to simulate
performance under actual usage conditions. The introduction of statistical process control methods allows

for real-time monitoring and timely adjustment of quality fluctuations during the manufacturing process.

Performance Validation and Clinical Application Standards

tungsten alloy spheres for medical collimators is a multi-dimensional and systematic evaluation process,
requiring comprehensive consideration of physical, mechanical, and functional properties . Physical
performance verification focuses on evaluating the sphere's response characteristics under radiation
conditions, including parameters such as radiation transmittance, scattering performance, and attenuation
efficiency. These tests are typically conducted on experimental setups simulating actual usage conditions,
employing standardized measurement methods and reference systems to ensure the reliability and
comparability of test results. Mechanical performance verification focuses on indicators such as the
sphere's motion accuracy, wear resistance, and fatigue life. Accelerated aging tests and long-term stability

tests are used to assess the sphere's ability to retain performance within its expected service life.

Functional performance verification is a crucial step in ensuring that tungsten alloy spheres meet clinical
needs. This process includes two phases: individual unit testing and system integration testing. In the
individual unit testing phase, the focus is on evaluating the sphere's basic functional parameters, such as
motion flexibility, positioning accuracy, and repeatability. System integration testing places the sphere
within a complete collimator system to evaluate its performance in a real-world working environment.
This phase involves more complex testing, including dynamic response characteristics, coordinated
motion accuracy, and environmental adaptability. The analysis and interpretation of test data requires
specialized knowledge and experience, focusing not only on the compliance of quantitative indicators
but also on qualitative observations of anomalies to ensure that potential risks are fully identified and

effectively controlled.

The establishment and improvement of clinical application standards are a crucial foundation for
ensuring medical safety. These standards are typically developed by specialized organizations and cover
various aspects, including material selection, manufacturing processes, performance requirements, and
testing methods. Adherence to these standards is not only reflected in the final product's conformity but
also needs to be maintained throughout the entire design, manufacturing, and validation process. As
medical technology advances and clinical experience accumulates, these standards are continuously
updated and revised to adapt to new technological developments and clinical needs. In addition to
following established standards and specifications, manufacturers also establish more stringent internal
control standards to continuously improve product safety and effectiveness. This unwavering pursuit of

quality reflects the medical device manufacturing industry's high sense of responsibility for patient safety.

3.3.6 Tungsten alloy balls for aerospace inertial components

Tungsten alloy balls for aerospace inertial components mainly serve satellite flywheel energy storage

systems, space station attitude control actuators, and high-precision optoelectronic stabilization
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platforms. They are key mass components for achieving small size, large moment of inertia, and high-

speed stable rotation.

These spheres typically have large diameters and extremely high density requirements, often employing
a W-Ni-Fe system to achieve the highest volume-to-mass ratio. Surface precision reaches a level
exceeding precision, and they undergo special dynamic balancing and vacuum degassing processes to
ensure no minute vibrations or gas release occur during high-speed rotation. The spheres are precisely
inlaid or bonded to the rims of titanium alloy or carbon fiber flywheels, enabling the flywheels to achieve
energy storage densities far exceeding those of steel or aluminum within the same external dimensions.

This significantly enhances the satellite's maneuverability and on-orbit lifespan.

become standard components in deep space probes, optical remote sensing satellites, and commercial
small satellite constellations . They can reliably operate for extended periods in vacuum, wide
temperature variations , and high-radiation environments without losing density, cracking, or releasing
volatiles, providing spacecraft with stable, precise, and noiseless angular momentum storage and
exchange capabilities. With the accelerating trend towards satellite miniaturization and high mobility, the

demand for these tungsten alloy spheres is experiencing explosive growth.

3.3.7 Civilian tungsten alloy balls (such as fishing sinkers)

Civilian tungsten alloy balls are best represented by fishing sinkers, and also cover a variety of everyday
consumer scenarios such as golf head weights, model weights, and toy weights. They are the most

affordable type of tungsten alloy balls that have truly entered thousands of households.

Tungsten alloy balls used in fishing sinkers typically employ a standard W-Ni-Fe system, with an
environmentally friendly coating or blackening treatment on the surface. This retains the metallic texture
while preventing the exposed tungsten alloy from undergoing slight oxidation during long-term
underwater use. Compared to traditional lead sinkers, tungsten alloy sinkers are only one-third to one-
halfthe volume of lead, yet weigh the same or more, allowing anglers to sink them to the bottom quickly
with less water resistance and significantly reducing snagging losses . The higher hardness also makes

the sinker less prone to deformation in rocky or shell-like substrates, extending its lifespan considerably.

Tungsten alloy balls are also widely used in the inner core of golf balls, the counterweights of remote-
controlled model cars, and the intemal balancing balls of children's magnetic toys to achieve a more
compact shape and more precise center of gravity control. The surface is often coated with colored resin
or soft rubber, which is both aesthetically pleasing and safe, and fully complies with the strictest
European and American standards for heavy metal migration in toys. civilian tungsten alloy balls have
become highly market-driven. Various colors, specifications, and packaging options are readily available
on e-commerce platforms, offering affordable prices and a wide range of choices. These balls allow
ordinary consumers to experience the "concentrated essence" of tungsten alloys in the most direct way,

and have become the largest civilian export window and environmental promotional tool for the tungsten

alloy ball industry .
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Chapter 4 Preparation Process of Tungsten Alloy Balls

4.1 Raw material pretreatment of tungsten alloy balls

Raw material pretreatment is the most fundamental yet crucial step in the entire tungsten alloy sphere

manufacturing process . Its goal is to transform tungsten powder and binder powder into a mixed raw
material with high chemical purity, uniform particle size, and suitable activity, laying a high-quality
microscopic foundation for subsequent molding and sintering. Any residual impurities or uneven mixing
will be amplified in the final spheres as density segregation, crack initiation, or performance fluctuations.

Therefore, leading companies consider raw material pretreatment a core confidential process.

4.1.1 Purification of tungsten powder from tungsten alloy spheres

Tungsten powder, as the absolute main component of tungsten alloy spheres, directly determines the
theoretical upper limit of density, the ceiling of mechanical properties, and long-term stability of the
spheres through its purity and particle characteristics. Industrial preparation begins with blue tungsten or
yellow tungsten, gradually reducing the oxide to metallic tungsten powder through a multi-stage
hydrogen reduction process. The reduction process is carried out in stages in a pusher furnace or rotary
furnace. The low-temperature stage preferentially removes volatile impurities and water of crystallization,
the medium- temperature stage controls grain growth, and the high-temperature stage completes the final

reduction and surface purification.

After reduction, the tungsten powder undergoes rigorous chemical purification and gas-phase
purification processes. Acid washing and multiple water washes remove soluble impurities such as
potassium, sodium, and silicon, while high-temperature vacuum degassing or secondary hydrogen
reduction thoroughly removes harmful gaseous elements such as oxygen, carbon, sulfur, and phosphorus.
Leading processes even employ zone melting or plasma purification technologies to achieve extremely

high purity levels in the tungsten powder, suppressing the oxygen content to almost undetectable levels.

Particle size and morphology control are equally crucial. The Fisher particle size distribution must be
concentrated within a narrow range; excessively fine powder leads to excessively high oxygen content
and uneven sintering shrinkage, while excessively coarse powder reduces sintering activity and
densification rate. Through airflow classification, sedimentation classification, or eddy current
classification, tungsten powder is precisely sieved into particle size ranges that meet the requirements of
specific alloy systems. In terms of morphology, near-spherical or polyhedral particles are preferred to

ensure high powder bulk density, good flowability, and uniform stress distribution during molding.

4.1.2 Elemental Proportioning and Mixing of Tungsten Alloy Spheres

Elemental proportioning and mixing are key steps in transforming tungsten powder with binder powders
such as nickel, iron, and copper, as well as possible trace functional elements, into a uniform composite

powder. The degree of uniformity directly determines whether density segregation, binder phase
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enrichment areas, or batch-to-batch performance fluctuations will occur in the sintered spheres.

The formulation process is completed in a Class 10,000 cleanroom. First, a high-precision electronic
balance is used to weigh each element powder according to the target composition. Nickel, iron, and
copper powders also need to undergo hydrogen reduction and vacuum degassing to ensure purity and
activity. Trace additives such as cobalt, molybdenum , rare earth elements, or borides are added in the
form of master alloys or pre-alloyed powders to avoid errors and uneven distribution caused by direct
weighing. The mixing process is crucial in determining the final uniformity. Traditional V-type mixers
have been gradually replaced by high-energy planetary ball mills, double-cone high-efficiency mixers,
or three-dimensional vortex mixers. These devices can achieve both macroscopic and microscopic
uniformity under conditions without grinding media or with soft grinding media . The mixing time and
rotation speed must be precisely matched: too short a time leads to localized enrichment of the binder
phase, while too long a time introduces excessive cold working deformation and oxygen contamination.
Some high-end production lines also employ spray drying granulation technology to produce near-
spherical composite particles with excellent flowability, further improving the density uniformity of the

pressed preform.

To prevent powder stratification, trace amounts of paraffin wax or polyethylene glycol, or other molding
agents, are added immediately after mixing. The mixture is then coated in a low-temperature vacuum
oven, ensuring each tungsten powder particle is encapsulated by a thin organic film and the binder phase
powder. The final composite powder is sieved through multiple layers of sieves and placed into a helium-
filled sealed container, awaiting the next molding process. At this point, a batch of high-quality tungsten
alloy spheres is ready at the atomic scale, providing the most reliable starting point for achieving a

conversion rate of over 90% of the theoretical performance.

4.2 Forming process of tungsten alloy balls

The forming process determines the initial density, density uniformity, and internal stress state of
tungsten alloy billets , making it a crucial link in the entire manufacturing chain. Due to its extremely
high tungsten content, poor flowability, and high hardness, tungsten alloy powder is difficult to process
using traditional injection molding and compression molding. Therefore, the mainstream and mature
forming methods currently fall into two main categories: cold pressing and isostatic pressing. Each

method has its own focus in terms of equipment investment, billet quality, and applicable scenarios.

4.2.1 Cold pressing and isostatic pressing of tungsten alloy spheres

directly press the mixed tungsten alloy powder into spherical blanks slightly larger than the final size.
The molds are typically made of high-strength cemented carbide, with the inner cavity polished to a
mirror finish and plated with hard chrome or diamond-like carbon coatings to reduce demolding friction
and prevent sticking. The pressing process is completed on fully automatic powder hydraulic presses or
mechanical presses, with press tonnage ranging from hundreds to thousands of tons. The pressing process

achieves initial densification with relatively uniform density through the synchronous movement of
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upper and lower punches. To improve powder loading efficiency and blank consistency, some production
lines have introduced vibration- assisted powder loading and multi-station rotary presses, enabling the

pressing of dozens of blanks in a single cycle.

Isostatic pressing completely overturns the limitations of traditional unidirectional force application. The
mixed powder is first loaded into a flexible rubber mold or a highly elastic plastic bag, then vacuum-
sealed and placed in a high-pressure container. True isotropic compression is achieved by relying on a
liquid medium to transmit ultra-high pressure from all directions. The pressure in cold isostatic pressing
equipment is typically much higher than that of ordinary cold pressing, and the medium is often oil or
water-based emulsion. The holding time can be flexibly adjusted. After pressing, the rubber sheath is
peeled off, revealing a near-net-shape blank with a smooth surface and rounded edges . Dry-bag cold
isostatic pressing and wet-bag cold isostatic pressing coexist; the former is suitable for large-volume
production of small-to-medium diameter spheres, while the latter is more suitable for large-diameter or

irregularly shaped blanks.

Both forming methods require immediate low-temperature dewaxing after pressing to slowly evaporate
or decompose the forming agent, preventing bubbling and cracking during subsequent sintering.
Although the green body strength is still relatively low, it already possesses sufficient handling and
furnace loading capabilities, fully preparing it for the next step of liquid-phase sintering.

4.2.2 Comparison of the advantages and disadvantages of tungsten alloy ball forming processes

Cold pressing and isostatic pressing each have distinct techno-economic characteristics, forming a
complementary rather than substitutive relationship. Cold pressing equipment requires less investment,
occupies less space, has a shorter cycle time, and allows for controllable mold wear, making it particularly
suitable for producing small-to-medium diameter, moderately precise civilian counterweight balls and
industrial-grade spheres with an annual output of millions to tens of millions. Although the bulk density
is slightly lower than that of isostatic pressing, by optimizing powder flowability, bidirectional pressing,
and mold design, a relatively high proportion ofthe theoretical density can still be achieved, fully meeting
the requirements of most counterweight, shielding, and bearing applications. The production line has a
high degree of automation, with one person able to monitor multiple presses, resulting in the lowest
overall manufacturing cost. It is currently the forming method that contributes the most to the global

production of tungsten alloy balls.

Isostatic pressing (IP) offers a significant advantage in terms of uniformity of preform density, internal
stress levels, and adaptability to complex shapes. Due to the complete isotropic pressure , there are
virtually no density gradients or pressure cracks within the preform, resulting in excellent shrinkage
consistency after sintering. This makes it easier to achieve precision and ultra-precision sphericity in the
finished product. Large-diameter spheres are particularly reliant on 1OS; otherwise, unidirectional
pressing would produce noticeable delamination and low-density areas at the ends. IOS is almost
exclusively used for spheres in medical collimators, high-end flywheels, nuclear shielding fillers, and all

high-value-added products with stringent batch consistency requirements. The disadvantages include
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high equipment investment, long cycle times, and high consumption of rubber molds. It is suitable for

specialized production of medium-to-high precision, small-to-medium batch, or large-size spheres.

In actual production, many leading companies adopt a hybrid strategy: ordinary and counterweight
spheres are produced using cold-pressing high-speed lines, while precision and special spheres are
produced using isostatic pressing high-quality lines, thus achieving the best balance between cost and
performance. The coexistence and complementarity of the two forming processes together constitute the

flexible, efficient, and full-spectrum forming technology system of today's tungsten alloy sphere industry .

4.3 Sintering process of tungsten alloy spheres

Sintering is the core transformation stage of tungsten alloy spheres from a loose blank into a high-
performance dense body. Through precise control of temperature, time, and atmosphere, tungsten
particles undergo rearrangement, neck bonding, and grain boundary diffusion, while the binder phase
achieves liquid-phase wetting and uniform distribution, ultimately forming a two-phase composite
structure with extremely high theoretical density. Tungsten alloy spheres generally employ a liquid-phase
sintering mechanism, which has a narrow process window but yields significant results, making it the

most technically demanding and riskiest critical step in the entire process.

4.3.1 Temperature and Holding Time Control of Tungsten Alloy Balls

The precise coordination of temperature and holding time determines the amount of liquid phase, the
degree of tungsten particle dissolution and re-precipitation, and the quality of the final microstructure.
The sintering process is generally divided into four stages: heating and wax removal, solid-phase pre-

sintering, liquid-phase main sintering, and controlled cooling.

The heating and wax removal stage employs an extremely slow rate to ensure complete evaporation of
the forming agent without bubbling or cracking. In the solid-phase pre-sintering stage, the temperature
is raised below the melting point of the binder phase, allowing tungsten particles to initially form neck
connections through solid-state diffusion, while further removing residual gases. Upon entering the
liquid-phase main sintering stage, the temperature rapidly surpasses the melting point of the binder phase,
and nickel-iron, nickel-copper, or copper immediately transforms into a low-viscosity liquid phase . This
liquid phase rapidly fills the gaps between tungsten particles using capillary force, driving particle
rearrangement and significantly increasing density. At this point, the temperature must be precisely
stabilized within the optimal liquid phase window: too low a temperature results in insufficient liquid
phase, inadequate particle rearrangement, and numerous residual pores; too high a temperature leads to
excessive liquid phase loss or abnormal growth of tungsten particles, causing binder phase agglomeration,

reduced density, or even billet collapse and deformation.

The holding time is equally crucial. Too short a time results in insufficient dissolution and re-precipitation
of tungsten particles, poor grain sphericity , and weak interfacial bonding; too long a time leads to

excessive coarsening of the tungsten particles, decreased toughness, and potential liquid phase seepage
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along the bottom of the billet, causing compositional segregation. High-end production lines utilize
multi-stage holding and dynamic temperature measurement fiber optics to monitor the temperature of
each zone in the furnace in real time, ensuring that hundreds of thousands of billets achieve almost
identical thermal histories within the same furnace cycle. The cooling stage employs programmed
controlled cooling, initially rapid and then slow, to avoid thermal stress-induced microcracks, while
simultaneously controlling the precipitation behavior of the binder phase to optimize the final mechanical
properties. The entire sintering cycle often lasts tens of hours, but it determines whether the spheres can

reach their theoretical performance limits.

4.3.2 Advantages of Vacuum Sintering of Tungsten Alloy Balls

tungsten alloy spheres today . Compared with traditional hydrogen sintering, it has overwhelming
advantages in purity, density, performance consistency and compatibility with special components, and
has become the standard configuration for precision, medical and high-temperature spheres.The vacuum
environment completely eliminates the problems of water vapor circulation and incomplete reduction
that may be caused by hydrogen. The oxygen partial pressure inside the furnace is reduced to an
extremely low level, and the last layer of oxide film adsorbed on the surface of tungsten particles and the
binder phase is also decomposed and volatilized at high temperature, ensuring that the phase interface
achieves true metallic bonding and avoiding brittle oxide inclusions as a weakness in strength. Vacuum
also suppresses the volatilization loss of the binder phase at high temperature, which is especially
important for copper-based and silver-based systems, greatly improving the precision of composition

control and virtually eliminating batch-to-batch density and performance fluctuations.

Under vacuum, the residual gas in the closed pores inside the billet gradually diffuses and escapes as the
temperature rises, and is eventually removed by the vacuum pump. This significantly reduces the residual
porosity ofthe sintered spheres, making it easier for the density to approach the theoretical value. Vacuum
sintering furnaces are typically equipped with multi-zone independent temperature control and high-
speed diffusion pumps. The furnace temperature uniformity and heating/cooling rates far exceed those
of hydrogen- molybdenum wire fumaces, enabling precise thermal processes even with large loading
volumes . They are particularly suitable for the production of large-diameter and high-value-added
spheres. For spheres containing rare earth elements, boron, gadolinium, or rhenium and molybdenum ,
vacuum sintering is the only option. This is because hydrogen may react adversely with these active
elements, while a vacuum provides complete inertness, ensuring the intended function of the additives is
fully preserved. The vacuum environment during the cooling stage also prevents surface re-oxidation,
resulting in spheres with a clean metallic luster immediately after being removed from the furnace,

allowing them to proceed directly to the grinding process without additional acid washing.

Although the investment and operating costs of vacuum sintering equipment are higher than those of
hydrogen sintering, the pure interface, extreme density, ultra-high consistency and process inclusiveness
it brings make it an irreplaceable process guarantee in medical collimator spheres, aerospace flywheel
spheres, nuclear shielding spheres and all fields with zero tolerance for performance. It also represents

the current highest level of tungsten alloy sphere sintering technology.
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4.4 Subsequent processing of tungsten alloy balls

Subsequent processing is the final sprint stage in transforming tungsten alloy spheres from sintered dense
blanks into high-precision, high-surface-quality functional finished products. It not only determines
geometric accuracy and surface finish but also directly affects fatigue life, wear resistance, corrosion
resistance, and adaptability to special environments. Grinding and polishing, along with surface
corrosion-resistant treatment, are the two most crucial processes, which almost all high-end spheres must

undergo.

4.4.1 Grinding and Polishing of Tungsten Alloy Balls

The only way to achieve precision or even ultra-precision levels for tungsten alloy spheres , and are also
an essential process for obtaining a qualified surface condition for ordinary spheres. The sintered blank
spheres have rough surfaces, are too large in size, and have a slight oxide layer. They must be gradually
approached to the ideal spherical shape through a multi-stage mechanical-chemical composite material

removal process.

To process thousands to hundreds of thousands of balls in a water-based grinding fluid , quickly removing
sintered skin and excess size, while initially shaping them. In the intermediate grinding stage, finer silicon
carbide or alumina abrasives are used, and the equipment switches to high-precision centerless grinding
or dual-disc grinding. The balls begin to exhibit a uniform matte surface, and the sphericity and diameter

tolerances are significantly reduced.

Fine grinding and polishing are then performed in a clean, temperature-controlled workshop using
diamond micropowder or nano-sized cerium oxide suspension on polyurethane grinding discs or
magnetorheological polishing equipment. Magnetorheological polishing is particularly suitable for ultra-
precision medical collimator spheres and aerospace flywheel spheres, as its flexible magnetorheological
fluid can instantly adapt to the curvature of the sphere, achieving a mirror-like finish without scratches
or subsurface damage. The entire grinding and polishing process is typically divided into eight to fifteen
stages, with the removal amount strictly decreasing at each stage, and even at the nanometer level in the
final stage. Between each stage, the spheres undergo ultrasonic cleaning and optical automatic sorting to
remove any defective products with scratches, pits, or ellipticity. The leading factory has achieved full-
process automation: automatic robotic loading and unloading, online laser measurement, Al visual defect
recognition, and closed-loop feedback control enable batch consistency to reach unprecedented levels.
The polished spheres have a mirror-like surface, a silky smooth feel, and extremely high reflectivity. This
not only meets geometric accuracy requirements but also improves contact fatigue strength and wear life

by several times by removing surface micro-cracks and residual stress layers.

4.4.2 Surface corrosion-resistant treatment of tungsten alloy spheres

Although tungsten alloys themselves have good resistance to atmospheric corrosion, additional surface

corrosion-resistant treatment is still required under harsh conditions such as marine environments, acid
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and alkaline media, long-term humid storage, or medical disinfection to ensure that the spheres maintain

their appearance and performance throughout their entire life cycle.

The most commonly used methods are chemical passivation and electrochemical passivation. By briefly
immersing the sphere in a specially formulated nitric acid-hydrofluoric acid system or a dedicated
passivation solution, an extremely thin and dense oxide protective film forms on the surface of the sphere,
significantly improving its resistance to pitting and crevice corrosion. The film exhibits a uniform dark
gray or bluish-black color, making it both aesthetically pleasing and practical. Electrochemical
passivation further thickens and densifies this film under a controlled potential, further enhancing its

corrosion resistance.

collimator spheres and spheres used in deep-sea equipment with higher requirements , physical vapor
deposition (PVD) is often used to plate them with gold, titanium, or chromium. The coating thickness is
only a few micrometers, yet it completely isolates the spheres from external corrosive media while
reducing secondary electron emission and photon scattering. Gold-plated spheres are particularly
common in medical accelerators, as they can withstand repeated high-temperature steam sterilization

while maintaining the stability of X-ray flux calculations.

Vacuum -deposited DLC (diamond-like carbon) coating is a newly emerging high-end option in recent
years. Its extremely high hardness and chemical inertness make the spheres virtually corrosion-free in
seawater, strong acids and alkalis, or high-temperature and high-humidity environments, while
significantly reducing the coefficient of friction, making it particularly suitable for balls used in high-
temperature bearings and chemical pumps. Ion cleaning and transition layer deposition are required
before coating to ensure sufficient adhesion to withstand long-term rolling and impact. After surface
corrosion-resistant treatment, the spheres typically undergo multiple ultrasonic cleanings, vacuumdrying,
and nitrogen packaging to eliminate any residual corrosive media . After years of testing in salt spray
chambers or actual marine environments, the treated spheres retain their pristine surface, completely
eliminating the final weakness of tungsten alloy spheres in extreme corrosive environments, making

them truly reliable functional materials for all operating conditions and throughout their entire lifespan.

4.5 Key Quality Control Points for Tungsten Alloy Balls

Tungsten alloy balls, from raw materials to finished products, involves numerous points. However, only
three factors truly determine batch pass rates, performance consistency, and customer trust: control of
raw material purity, control of molding density uniformity, and post-sintering performance stability
testing. These three checkpoints are interconnected and mutually reinforcing, and none can be omitted;

they have become the industry's recognized "three critical weaknesses."

4.5.1 Control of the purity of raw materials for tungsten alloy balls

The purity of raw materials is the decisive factor in the performance ceiling of tungsten alloy balls. A

single harmful impurity can become a fatal defect in the final product. Therefore, all leading companies
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regard raw material acceptance as the first insurmountable red line.

Upon arrival at the factory, tungsten powder undergoes batch-wide sampling and high-precision multi-
element analysis using glow discharge mass spectrometry, ICP spectroscopy , and a carbon, sulfur,
oxygen, nitrogen, and hydrogen analyzer. Any batch exceeding the acceptable levels is immediately
returned. Oxygen content control is particularly stringent, as oxygen forms brittle oxide inclusions during
sintering, severely weakening interfacial strength. Nickel, iron, and copper binder powders also require
third-party testing reports and are subject to random sampling verification. Trace functional additives are
added in pre-alloyed powder form to avoid localized over-concentration or under-concentration due to

direct weighing.

Powder particle size and morphology are evaluated using a combination of laser particle size analyzer
and scanning electron microscope. The particle size distribution must fall within the specified process
window, and the morphology must be polyhedral or near-spherical, eliminating elongated or flaky
particles. All test data is uploaded to the MES system in real time and permanently linked to the batch
number, enabling full lifecycle traceability. Only raw materials that pass all indicators on the first attempt
are allowed to enter the mixing process; otherwise, they are directly isolated. This "zero-tolerance"
control over raw material purity ensures that even the best subsequent processes will not be rendered

useless due to inherent deficiencies.

4.5.2 Control of the uniformity of the forming density of tungsten alloy balls

The uniformity of the formed density directly determines whether segregation, deformation, or intemal
cracks will occur in the sintered spheres, and is the lifeblood of the green body quality. Enterprises use

multi -dimensional methods to control density fluctuations within an extremely narrow range.

During cold pressing, a high-precision pressure sensor monitors the pressing force curve of each mold in
real time . Abnormal fluctuations trigger an immediate alarm and automatically remove the
corresponding billet. For isostatic pressing, a density measuring block is pre-embedded in a rubber sleeve.
After pressing in the same furnace, the block is dissected and verified to ensure no blind spots in pressure
transmission. After the billets are removed from the mold, they are all inspected one by one using the
high-precision Archimedes' displacement method or X-ray density imaging. Those with density

deviations exceeding the tolerance are directly returned to the furnace for repressing.

To further eliminate minor unevenness during the pressing process, some high-end production lines
embed extremely fine thermocouple wires in the billet, monitoring the differences in heating rates at
various locations in real time during the pre-sintering stage to indirectly determine density uniformity.
Any abnormal billet is marked and handled individually. This multi-pronged control approach,
encompassing pressing force, medium pressure, and indirect thermal response, achieves unprecedented
density uniformity in the formed billet, laying a solid foundation for stable shrinkage during the sintering

stage and consistent final performance.
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4.5.3 Post-sintering performance stability testing of tungsten alloy spheres

Post-sintering performance stability testing is the final checkpoint before tungsten alloy balls leave the
factory. Its purpose is to ensure that each batch of balls fully complies with the technical agreement in

terms of density, hardness, magnetism, size, and intemal defects, eliminating any potential failure risks.

Density testing employs a double-safety approach combining the Archimedes' displacement method with
an ultrasonic density meter; any sphere below the lower limit is immediately discarded. Hardness testing
involves batch sampling for Rockwell or Vickers tests, supplemented by an automated hardness imaging
system for full-surface scanning; any locally soft spots result in immediate batch re-inspection. Magnetic
testing is particularly crucial for non-magnetic spheres , using a high-precision fluxgate magnetometer
to scan each one; spheres exceeding the standard are automatically sorted. Size and morphology are
determined using a coordinate measuring machine combined with an optical roundness meter; precision-
grade spheres require full inspection, while ordinary-grade spheres undergo high-percentage sampling

inspection.

Internal defect detection is of paramount importance. All medical-grade, aerospace-grade, and nuclear-
shielded spheres must undergo industrial CT or high-energy X-ray non-destructive testing. Any holes,
cracks, or inclusions larger than permissible dimensions will result in the isolation of the entire batch.
Ordinary-grade spheres are screened using a combination of eddy current testing and ultrasonic
resonance methods, achieving efficient large- scale screening. All test data is uploaded to the cloud in
real time, forming a complete closed-loop traceability chain with raw material batches, pressing records,

and sintering furnace batches.

Only spheres that pass all of the above tests will be vacuum-packed, labeled with a certificate of
conformity and a unique QR code, and officially enter the finished product warehouse. This rigorous
post-sintering performance stability testing system ensures that every tungsten alloy sphere received by
customers can withstand the most severe actual working conditions and the most discerning incoming
material inspections, thus building a long-term stable reputation and market trust for leading brands in

the industry.

4.6 Quality Inspection of Tungsten Alloy Balls

Quality inspection is conducted throughout the entire production process of tungsten alloy balls, but the
final product inspection is the ultimate verification of process stability and product reliability. Based on
an objective and quantifiable indicator system, it comprehensively utilizes physical, chemical, non-
destructive, and destructive methods to ensure that every batch of balls leaving the factory meets or

exceeds the technical agreement requirements.

4.6.1 Density Testing of Tungsten Alloy Spheres

The most crucial and intuitive performance indicator of tungsten alloy spheres , and it's also the parameter
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that customers focus on first during acceptance testing. Testing must be conducted on the entire batch,
with all samples tested and no disputes, to completely prevent low-density spheres from being mixed

into high-end applications.

The mainstream method is based on Archimedes' displacement method. The sphere is first dried and
weighed on a high-precision analytical balance, then immersed in pure water or anhydrous ethanol to
measure its buoyancy. The system automatically calculates and eliminates outliers. To eliminate
measurement errors caused by surface pores or opening defects, precision-grade spheres also require
vacuum impregnation with paraffin wax or low-melting-point alloys for sealing. Leading factories have
implemented automated density testing stations on an assembly line. A robotic arm sequentially feeds
the spheres into a constant-temperature water bath, and the balance readings are uploaded in real time.
Spheres exceeding the upper and lower limits are pneumatically sorted into a waste bin, and the entire

process is unattended.

As a supplement, ultrasonic densitometers and industrial CT stereo density analysis are used for high-
end medical and aerospace-grade spheres. The former infers density from sound velocity and attenuation,
while the latter directly reconstructs the internal pore distribution in three dimensions and calculates the
true density. The combination of these three methods forms a pyramid-shaped density testing system: the
water displacement method covers all samples, ultrasonic testing provides rapid sampling, and CT is
used for dispute resolution and process improvement. It is this multi-layered, zero-tolerance density
testing system that ensures tungsten alloy spheres consistently provide the most reliable and predictable

quality performance in counterweight, shielding, and inertial applications.

4.6.2 Dimensional accuracy inspection of tungsten alloy balls

Dimensional accuracy and morphology directly determine whether tungsten alloy balls can be
successfully assembled and achieve their intended function, especially since medical collimators and
precision bearings have almost zero tolerance for geometric errors. Inspection methods have evolved

from traditional micrometers to fully automated optical and contact-based composite measurements.

Standard-grade spheres are sorted using a high-throughput roller-type automatic sorting machine. The
spheres roll along a precision V-groove, and laser or inductive sensors capture diameter and roundness
deviations in real time. Qualified spheres automatically fall into different bins according to their size
range, resulting in extremely high efficiency. Precision-grade and higher-grade spheres enter a
temperature-controlled cleanroom where a high-precision coordinate measuring machine or a dedicated
roundness meter scans each sphere to its full size . The measuring head travels along multiple generatrices
and a great circle path on the sphere's surface with extremely light pressure, collecting hundreds of
thousands of point cloud data points. Software then fits these data in real time to determine the true

sphericity, roundness, and surface waviness.

The most advanced medical collimator spheres even employ a combined white light interferometry and

X-ray micro-CT inspection. The former captures the surface micro-morphology, while the latter reveals
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the thickness of the subsurface processing damage layer, ensuring that the sphere will not leak dose due
to minute geometric deviations in the X-ray beam channel. All measuring equipment is regularly traced
back to national standards, and the test reports are accompanied by QR codes with each batch, allowing
for easy access to the original point cloud and fitted curves. This comprehensive dimensional inspection
system, from rapid sorting of large batches to high-precision traceability of individual spheres,
thoroughly guarantees the interchangeability and reliability of tungsten alloy spheres in the most

demanding assembly environments.

4.6.3 Strength Testing of Tungsten Alloy Balls

Strength testing cannot be fully inspected due to its destructive nature, but through scientific sampling
and non-destructive correlation techniques, we can still effectively control the overall mechanical
properties of the batch, ensuring that the spheres received by customers have sufficient resistance to

pressure, impact and fatigue.

Routine sampling uses automated Rockwell or Vickers hardness testers. The indenter leaves a clear
indentation at the equator of the sphere, and the system automatically reads and calculates the hardness
value. Any abnormally low or high hardness immediately triggers a full batch re-inspection. Compressive
strength testing is performed on a dedicated servo press. The sphere is placed between two cemented
carbide plates and gradually loaded until it fractures, with the maximum load and fracture mode recorded.
Impact toughness testing uses a small drop hammer device to record whether the sphere develops cracks

or fragments under a drop impact from a specified height.

To reduce the proportion of destructive testing, the industry has widely adopted ultrasonic resonance and
eddy current phase methods to establish a correlation database of hardness, strength, and internal defects.
New batches of tungsten alloy spheres require only minimal destructive testing to estimate their overall
strength level using non-destructive methods. Medical-grade and high-end inertial-grade spheres also
require fatigue rolling tests, running on a rolling contact fatigue machine simulating actual working
conditions for millions of revolutions to verify the absence of pitting or spalling. All strength data
corresponds one-to-one with raw material batches, sintering furnace cycles, and grinding batches,
forming a complete process-performance mapping relationship. If low strength is detected, it can be
quickly traced back to the specific process for targeted improvements. This three-dimensional strength
testing system—combining sampling destructive testing, non-destructive correlation, and fatigue
verification—maximizes yield and provides the most robust mechanical guarantee for the safe service of

tungsten alloy spheres in heavy-load, high-speed, and long-life scenarios.

4.6.4 Hardness Testing of Tungsten Alloy Balls

Hardness is the most direct indicator of the wear resistance, deformation resistance and overall
mechanical level of tungsten alloy balls. The testing method has evolved from traditional manual

indentation to a precision system that combines full-process automation and non-destructive testing.
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For standard and counterweight grade spheres, a high-throughput automated Rockwell hardness tester is
used. A robotic arm feeds each sphere into a positioning fixture, and the indenter applies a fixed load to
create a standard indentation on the equatorial plane. A camera automatically identifies the indentation
diameter and calculates the hardness value in real time. The entire process can complete dozens of
spheres per minute. For precision and medical grade spheres, a micro Vickers hardness tester is used,
which applies a lighter load and creates a smaller indentation, avoiding visible damage to the sphere

surface. Simultaneously, an image measurement system is used to achieve sub-micron level accuracy.

To completely eliminate the impact of indentation on high-end spheres, leading companies have widely
adopted ultrasonic contact impedance methods and laser-induced acoustic hardness testers. These non-
destructive devices use the reflection characteristics of high-frequency sound waves on the sphere surface
to infer the hardness distribution, enabling 100% inspection and generating a hardness cloud map of the
entire sphere, detecting any local soft spots or abnormal hardness gradients. All hardness data is uploaded
to the quality management system in real time and automatically linked to grinding batches and heat
treatment records. Any systematic deviation immediately triggers closed-loop process adjustments. This
evolution in hardness testing from destructive sampling to non-destructive full inspection ensures that
tungsten alloy spheres achieve the most reliable and consistent hardness even in applications with
extremely high surface integrity requirements, such as bearings, vibrating screens, and medical

collimators.

4.6.5 Shielding performance testing of tungsten alloy spheres

Shielding performance testing is a unique and ultimate indicator for medical-grade and nuclear-
technology-grade tungsten alloy spheres, directly related to patient safety and equipment compliance .
The testing is divided into two main categories: gamma-ray attenuation performance and neutron

shielding performance, both of which are performed in a professional radiation metrology laboratory.

Gamma-ray shielding performance is typically achieved using a narrow-beam, good- geometry method:
a standard cobalt-60 or cesium-137 point source is placed behind the collimator, and a tungsten alloy
sphere is fixed in a specialized fixture within a lead chamber according to the actual collimator
arrangement. A high-purity germanium detector is placed behind the sphere to receive transmitted rays.
The system automatically records the count rate under conditions with and without the sphere, calculates
the linear attenuation coefficient and half-value layer thickness, and compares these values with
theoretical calculations. Medical collimator spheres also require actual imaging verification. The sphere
is installed in a real collimator module, and the resolution target and dose distribution are imaged under
amedical linear accelerator to ensure that the focusing sharpness and leakage dose meet IEC and national

standards.

Neutron shielding performance testing is conducted on boron-doped, gadolinium-doped , and other
modified spheres. A neutron generator or americium-beryllium neutron source is used, coupled with a
BF; proportional counter or a helium -3 detector, to measure the decay of fast and thermal neutron fluxes.

The spheres are filled in a standard shielded container, and the system records neutron flux rate decay
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curves at different thicknesses to verify whether the designed shielding efficiency has been achieved. All
tests are conducted in a well-shielded underground laboratory with extremely low background, and the
source strength and detector are calibrated regularly to ensure that the results are traceable to national

standards.

After testing, each batch of spheres is accompanied by a third-party shielding performance report with
CNAS accreditation, and a QR code is included to access the original spectrum and calculation process.
This rigorous shielding performance testing system provides the most authoritative and credible scientific
endorsement for the safe application of tungsten alloy spheres in tumor radiotherapy, industrial flaw

detection, and isotope containers .

4.7 Standard System for Tungsten Alloy Balls

tungsten alloy balls has formed a pyramid structure with international standards as the framework,
national/industry standards as the main body, and enterprise standards as a supplement. It covers the
entire chain, including composition, performance, testing methods, packaging, transportation, and
environmental protection requirements, ensuring consistency and traceability in global trade and

application.

At the international level, ASTM B777, "Standard Specification for Tungsten-based High-Density
Alloys," is the most authoritative and universally accepted technical standard. It classifies tungsten alloy
balls into multiple grades based on density, magnetic properties, and main applications, and is considered
a technical appendix to contracts by almost all European and American customers. ISO 9001 and ISO
13485 respectively regulate the production quality management systems for balls used in general

industrial and medical devices.

China's standards system is the most complete and fastest updated. The GB/T 34560 series details the
composition range, mechanical properties, dimensional tolerances, and testing methods for tungsten alloy
spheres; YY/T 1636, "Technical Requirements for Medical Tungsten Alloy Collimators," is specifically
for the medical field; and HG/T 2077, "Technical Conditions for Tungsten Alloy Fishing Sinks," covers
the largest number of civilian products. Regarding environmental and safety standards, GB/T 33357
(Heavy Metal Migration in Tungsten Alloys), RoHS 2.0, and the REACH SVHC list jointly regulate
toxic and hazardous substances, ensuring the absolute safety of spheres in consumer products and

medical settings.

Leading companies often develop stricter corporate standards based on national and ASTM standards,
such as higher density lower limits, a larger proportion of non-destructive testing, and more stringent
shielding performance verification, which are then included as mandatory appendices to supply technical
agreements. These corporate standards frequently drive the revision and upgrading of national and

industry standards.

Packaging and transportation standards uniformly adopt GB/T 3873 and UN38.3 dangerous goods
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transportation exemption requirements. The spheres are packaged in different grades, such as vacuum
vials, nitrogen-filled boxes or desiccant sealed bags, and are labeled with UN certification to ensure

absolute safety during long-distance sea and air transport.

The continuous improvement and strict implementation of the entire standard system ensures that
tungsten alloy balls are on a controllable, verifiable, and reliable standardized track from raw materials
to finished products, and from laboratories to patients' bedsides. This has laid the most solid institutional

foundation for Chinese tungsten alloy balls to win a voice and a premium of trust in the global market .

4.7.1 Chinese National Standard (GB/T) for Tungsten Alloy Balls

China is the world's largest producer and consumer of tungsten alloy balls, and has accordingly
established the world's most complete and detailed national standard system, basically covering

everything from general industrial applications to special civilian applications.

GB/T 34560, "Tungsten-based High-Density Alloys," is the foundation and core standard, divided into
several parts that specify chemical composition, density grade, mechanical properties, dimensional
tolerances, surface quality, testing methods, and acceptance rules. The standard classifies tungsten alloy
spheres into multiple grades based on density and magnetism, covering the mainstream W-Ni-Fe and W-
Ni-Cu systems while also reserving space for W-Cu and modified functional alloys. GB/T 33357,
"Determination of Heavy Metal Migration in Tungsten Alloy Products,” and GB/T 33358,
"Environmental Protection Technical Requirements for Tungsten Alloy Products," completely block the
migration pathways of harmful elements such as lead, cadmium, and mercury from a consumer product

safety perspective.

In the civilian sector, the most representative standard is HG/T 2077 "Technical Conditions for Tungsten
Alloy Fishing Sinks," which specifies requirements for appearance, density, hardness, corrosion
resistance, and packaging. It has become the mandatory standard for all fishing sinks exported to Europe
and America. In the medical field, there are YY/T 1636 "Technical Requirements for Medical Tungsten
Alloy Collimators" and YY/T 1793 "Technical Conditions for Medical Tungsten Alloy Shielding
Components," which impose extremely high requirements on non-magnetic properties, radiation
attenuation performance, biocompatibility, and sterilizability. The most significant characteristics of
Chinese national standards are rapid updates, detailed coverage, and strong enforceability; revisions are
released almost annually to ensure they remain in sync with the latest technological advancements and

environmental regulations.

4.7.2 International Industrial Standards for Tungsten Alloy Balls

ASTM B777, "Standard Specification for Tungsten-based High-Density Alloys," is currently the most
widely cited and authoritative international industrial standard for tungsten alloy spheres worldwide ,

and is regarded as the default technical basis by customers in Europe, America, Southeast Asia, and the
Middle East.
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The standard classifies tungsten alloys into four density grades, Class 1 to 4, corresponding to different
nickel-iron and nickel-copper ratios. It also specifies the minimum density, tensile strength, elongation,
hardness, and upper limit of magnetic properties for each class. The appendix provides recommended
testing methods and acceptance sampling plans. ASTM F3055, "Technical Specification for Additive
Manufacturing of Tungsten-Based High-Density Alloys," is a recent addition, providing a framework for

future 3D printing of tungsten alloy spheres.

ISO 9001 and IATF 16949, as quality management system standards, are mandatory for all major
tungsten alloy sphere manufacturers ; ISO 13485 is specifically used for the production of medical
device-grade spheres. AMS 7725E, "Tungsten-based High-Density Alloys," while originally an
aerospace materials specification, is also directly referenced by many high-end industrial customers due
to its stringent performance consistency requirements. These international industrial standards,
characterized by their simplicity, universality, and ease of arbitration, have become the most widely used

technical language in the global supply chain.

4.7.3 Tungsten alloy fragment standards in Europe, America, Japan, and South Korea

Because tungsten alloy spheres do not have a specific civilian application for producing "fragments,"
developed countries such as the US, Europe, Japan, and South Korea have not developed specific
standards for tungsten alloy spheres to produce fragments. All technical requirements involving tungsten
alloy pre-formed fragments exist in the form of their respective national military specifications or internal
enterprise standards, and are highly confidential, not disclosed to the public, and not included in the

civilian standard system.

Publicly available information only includes some environmental and safety regulations, such as Article
63 of Annex XVII of the EU REACH Regulation, which requires lead substitution and indirectly
promotes the application of tungsten alloys in high-density civilian applications. The US EPA's
"Guideline on Alternative Materials for Lead Fishing Sinks" explicitly encourages the use of tungsten
alloys. Although Japan's JIS Z 2248 "Metallic Materials - Impact Testing Methods" can be used to assess
the toughness of tungsten alloys, it does not specifically address fragmentation performance. The civilian
market is entirely based on density, hardness, corrosion resistance, and environmental protection
indicators, and any descriptions related to "fragmentation" are deliberately avoided in publicly available

standards.

4.7.4 Industry-specific standards for tungsten alloy balls

In addition to national and international standards, key application industries have also developed more
detailed and stringent specialized standards, forming a powerful supplement to national standards and
ASTM standards.

In the medical industry: the US FDA 21 CFR Part 820 "Medical Device Quality Management System"
and the EU MDR (EU) 2017/745 Annex I impose additional requirements on the biocompatibility,
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sterility and radiation performance of tungsten alloy collimators and shielding components; the China
CFDA's "Technical Review Guidelines for the Registration of Customized Medical Devices" lists

tungsten alloy balls as a key raw material.

The environmentally friendly fishing sinker industry is characterized by the U.S. Fish and Wildlife
Service (USFWS) Non-Toxic Fishing Sink Certification Program, Environment Canada Lead-Free
Fishing Sink Technical Guidelines, and the European Union ECHA Tungsten Alloy Fishing Sink
Environmental Certification, which together constitute the world's strictest civilian environmental

standards.

In the watch and luxury goods industry, the Swiss NIHS 93-10 "Technical Specification for High-Density
Rotor Materials" and the German DIN 8308 "Replacement Materials for Heavy Metals in Watches"
impose almost stringent requirements on density consistency, magnetism, surface treatment, and long-

term stability.

In the industrial bearing and wear-resistant parts industry: China's JB/T 12778 "Technical Conditions for
High-Density Alloy Wear-Resistant Balls" and ISO 683-17 "Technical Requirements for Special Alloy

Balls for Bearings" clearly stipulate hardness, fatigue life and dimensional stability .

These industry-specific standards are often more detailed, stricter, and updated more frequently than
national standards, becoming the most frequently cited mandatory clauses in bidding documents and
technical agreements by high-end clients. It is this progressive and complementary standard system that
has jointly forged the highest global quality threshold and the most reliable reputation guarantee for

tungsten alloy balls, from raw materials to applications.

CTIA GROUP LTD Tungsten Alloy Balls
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CTIA GROUPLTD
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

COPYRIGHTAND LEGAL LIABILITY STATEMENT

Copyright© 2024 CTIA All Rights Reserved B1E/TEL: 0086 592 512 9696
FE XA S CTIAQCD-MA-E/ P 2024 fig CTIAQCD-MA-E/ P 2018-2024V
www.ctia.com.cn sales@chinatungsten.com



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

Chapter 5 Application Areas of Tungsten Alloy Balls

5.1 Application of tungsten alloy balls in general counterweights

Tungsten alloy balls have replaced lead, steel, and concrete in the field of general counterweights,

becoming the preferred material for achieving product miniaturization, precision, and environmental
friendliness. Their combined characteristics of high density, non-toxicity, dimensional stability, and
excellent machinability have enabled them to penetrate widely into various civilian applications,
including engineering machinery, sporting goods, and everyday consumer products, maintaining their

leading market position in tungsten alloy ball applications .

5.1.1 Tungsten alloy ball counterweights for engineering machinery

Construction machinery has extremely stringent requirements for counterweights: they must provide a
sufficiently large balancing torque, achieve a compact layout within a limited space, and simultaneously
meet the reliability requirements for vibration, shock, and long-term outdoor service. Tungsten alloy balls
perfectly meet these requirements, making them an indispensable core counterweight component for

tower cranes, excavators, loaders, concrete pump trucks, bridge erection equipment, and port cranes.

In tower cranes, tungsten alloy balls are densely packed into the counterweight box or cast counterweight
blocks at the rear of the counterweight boom, significantly reducing the length of the counterweight
boom while maintaining the same lifting capacity, thus decreasing wind load and the amount of steel
used. In excavators and loaders, tungsten alloy balls are often installed at the rear of the vehicle as
modular counterweight blocks , allowing for quick adjustments to the working radius and more flexible
steering and transport in confined spaces. Concrete pump trucks utilize tungsten alloy balls to lower the
chassis counterweight height, making the vehicle's center of gravity more stable and significantly

improving its anti-tipping ability at high speeds and in complex terrain.

Compared to traditional cast iron or concrete counterweights, tungsten alloy balls are only about one-
third the size, yet provide the same or even greater balancing torque, significantly saving on steel and
transportation costs. Their completely non-toxic and weather-resistant characteristics also completely
eliminate the environmental pollution and health hazards associated with lead counterweights, and they
have been included as standard equipment by major global construction machinery manufacturers. It is
precisely this unique advantage of "small size, high energy, and zero pollution" that makes tungsten alloy
balls a key driving force for achieving lightweighting, intelligentization, and greening in modem

construction machinery.

5.1.2 Tungsten alloy ball counterweights for sports equipment

In the field of sports equipment, tungsten alloy balls, with their extremely high volume-to-weight ratio
and precise adjustability, have become the hidden champions for enhancing competitive performance

and training effects. High-end equipment such as golf clubs, tennis rackets, badminton rackets, baseball
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bats, hockey bats, and professional fishing rods almost invariably incorporate tungsten alloy balls in key

positions to optimize the center of gravity and swing weight distribution.

Golf clubheads represent the most widely used and mature application of tungsten alloy balls in sports.
These balls are precisely inlaid or screwed into the bottom, rear, or toe area of the clubhead, increasing
the sweet spot , enhancing torque, and significantly improving forgiveness. Top brands even offer clubs
with adjustable weight systems, allowing users to personalize their shots by adding or removing tungsten
alloy balls . Tennis and badminton rackets incorporate tungsten alloy balls into the 3 o'clock and 9 o'clock
positions on the frame , or conceal them at the bottom of the handle, to lower the sweet spot height and

increase shot stability and topspin control.

Baseball and hockey bats utilize tungsten alloy balls to adjust end loading, resulting in faster swing
speeds and more concentrated hitting power. Professional fishing rods incorporate tungsten alloy balls
within the guides or handle to precisely adjust the rod's balance point, reducing fatigue during extended
casting sessions. All these applications benefit from the tungsten alloy balls' ability to be precisely
machined to any size, their non-toxicity, and their rust-free nature, allowing them to seamlessly integrate
into high-end composite material systems such as carbon fiber and titanium alloys. This has become one

of the core selling points of top international sports brands that emphasize "technology and performance."

5.1.3 Tungsten alloy balls for civilian use (fishing sinkers, model counterweights)

The most accessible and representative applications of tungsten alloy balls in everyday civilian scenarios
are fishing sinkers and various model counterweights. These allow ordinary consumers to experience the

ultimate charm of "concentration is the essence" in the most intuitive way.

the best-selling single consumer product globally , made from tungsten alloy balls. Compared to
traditional lead sinkers, tungsten alloy fishing sinkers are only one-third to one-half the size of lead
sinkers, yet weigh the same or even more, allowing anglers to sink quickly to the bottom with less water
resistance and significantly reducing snagging losses . Their higher hardness makes them less prone to
deformation in rocks, shells, or weeds, extending their lifespan considerably. With colored resin coatings
or titanium alloy coatings, they are both aesthetically pleasing and environmentally friendly, fully
complying with the strictest lead-free regulations in Europe and America, making them the standard

choice for recreational and competitive anglers worldwide .

The field of model counterweights encompasses remote-controlled cars, model airplanes, model ships,
architectural models, and high-end toys. Tungsten alloy balls are concealed in car chassis, aircraft noses,
or ship keels, allowing models to achieve a lower center of gravity and more realistic vehicle dynamics
while maintaining the same shape. Children's magnetic toys and building block balance sets are also
beginning to use coated tungsten alloy balls as invisible counterweights, ensuring safety while enhancing
the depth of play. The automatic rotors in luxury mechanical watches represent the highest-end civilian
application of tungsten alloy balls. Tungsten alloy rotors with 22K gold or platinum rims generate

enormous rotational inertia with extremely small curvature, significantly improving winding efficiency
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and becoming standard equipment for top brands such as Patek Philippe, Rolex, and Omega. From
fishing weights to mechanical watches, tungsten alloy balls have completely changed the ordinary
consumer's perception of high-tech materials, becoming the largest and most accessible civilian window

into the tungsten alloy industry.

5.1.4 Oil Drilling Valves and Pipeline Counterweight Balls

The requirements for counterweight balls in oil drilling valves and pipeline systems are extremely
specific: they must operate reliably for extended periods in downhole environments characterized by
extreme pressure, high temperature, strong corrosion, and severe vibration, while maintaining a
minimum size to minimize impact on flow channels. Tungsten alloy balls, with their unparalleled density,
superior corrosion resistance, and extremely high mechanical strength, have become the optimal solution
for counterweighting valves and pipelines in modern deep wells, ultra-deep wells, and offshore drilling

platforms.

In critical valves such as downhole safety valves, check valves, throttle valves, and mud pulse generators,
tungsten alloy balls are used as valve core counterweights or actuator balancing components. Their
extremely high bulk density allows valves to achieve greater closing torque or opening response speed
within the same external dimensions. Especially under high pressure differential conditions, they ensure
rapid valve shut-off or throttling, preventing catastrophic accidents such as blowouts or mud back flow.
Copper-based or nickel-copper-based tungsten alloy balls, due to their excellent resistance to hydrogen
sulfide and carbon dioxide corrosion, perform exceptionally well in harsh oil and gas field environments
containing acidic gases, exhibiting almost no pitting or hydrogen embrittlement on their surface, ensuring

reliable sealing throughout the valve's years of service.

In subsea pipelines and wellhead systems, tungsten alloy balls are often embedded in hydraulic actuators
or balance cylinders as heavy counterweights. Their high density provides sufficient downforce within a
limited space, helping valves overcome seawater hydrostatic pressure and the buoyancy of fluids within
the pipeline, achieving rapid closure and reliable locking. Compared to traditional steel or lead
counterweights, tungsten alloy balls are only about one-third the size, yet provide the same or even
greater counterweight effect, making the entire subsea production system more compact and lightweight,

significantly reducing the difficulty of installation by the vessel and the risks of underwater operations.

In pipeline pigs and smart pigs used in long-distance oil and gas pipelines, tungsten alloy balls are also
used as core counterweight components to ensure that the pig maintains a stable posture in high-pressure,
high-speed flowing media and accurately completes pipeline inner wall cleaning and inspection tasks.
Their wear-resistant and corrosion-resistant properties allow the pig to be repeatedly used in pipelines

containing sand, wax, or corrosive media without performance degradation.

tungsten alloy balls in oil drilling valves and pipeline counterweights has not only significantly improved
the safety and reliability of equipment, but also driven continuous breakthroughs in the entire oil and gas

extraction system towards deep water, ultra-deep wells, and high sulfur content, making them an
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indispensable high-performance functional material in modem petroleum engineering.

5.2 Applications of Tungsten Alloy Balls in Industrial and Precision Machinery Fields

tungsten alloy balls in the industrial and precision machinery fields has expanded from simple
counterweights to precision moving parts, wear-resistant functional parts, and core components of high-
end instruments. Its comprehensive advantages of high hardness, excellent wear resistance, dimensional
stability, and thermal properties make it increasingly important in mechanical systems that require long

life, high reliability, and extreme operating conditions.

5.2.1 Tungsten alloy balls for precision mechanical inertial components

place extremely high demands on the uniformity and stability of mass distribution . Tungsten alloy
spheres, with their extremely high bulk density and excellent long-term dimensional stability, have
become the preferred material for flywheel energy storage systems, precision centrifuge rotors, vibration
damping mass blocks for optical platforms, and balancing components for high-end analytical

instruments.

In laboratory ultracentrifuges and industrial separation equipment, tungsten alloy balls are precisely
embedded in the rotor rim or internal cavity. Their high density provides a large moment of inertia within
a limited space, enabling the equipment to achieve higher separation factors and efficiencies in a smaller
form factor. The ball surface undergoes mirror polishing and dynamic balancing to ensure no minute

vibrations occur during high-speed rotation, thus protecting the precision bearings and sample integrity.

In vibration isolation systems of high-end optical inspection platforms and laser interferometers, tungsten
alloy spheres are installed as damping mass blocks within multi-stage spring or air-bearing support
structures. Their high density significantly reduces the system's natural frequency, dramatically
improving isolation from external vibrations. This damping capability directly determines the final
machining accuracy and measurement repeatability, especially in nanoscale processing equipment and
precision measuring instruments. Tungsten alloy spheres for precision mechanical inertial components
typically utilize a W-Ni-Cu non-magnetic system or a high-purity W-Ni-Fe system, with DLC coating or
passivation treatment on the surface to further reduce friction and secondary vibrations. The spheres
achieve the highest level of precision, with batch-to-batch quality deviations controlled within an
extremely narrow range, ensuring a one-time pass for dynamic balance after system assembly. This
extreme pursuit of inertia and stability makes tungsten alloy spheres the invisible pillars for achieving

micron- and even nanometer- level motion control in modern precision machinery.

5.2.2 Tungsten alloy balls for high-precision bearings

Tungsten alloy balls for high-precision bearings represent the pinnacle of tungsten alloy ball applications
in the field of tribology. Their ultra-high hardness, excellent wear resistance, and fatigue resistance enable

them to exhibit a service life several times that of bearing steel under extreme working conditions that
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traditional steel balls cannot handle.

In pumps used for highly corrosive media, bearings in deep-sea equipment, high-pressure pumps for
seawater desalination, and transmission systems for chemical mixing vessels , tungsten alloy balls, with
their hardness and chemical inertness far exceeding that of bearing steel, offer extremely low wear rates
and pitting resistance. They maintain long-term dimensional stability and low-friction operation even in
sandy, acidic, or high-temperature media. Compared to ceramic balls, their moderate toughness avoids

the risk of brittle fracture , making bearings safer and more reliable under impact loads.

In the field of vacuum and high-temperature bearings, tungsten alloy balls have even more prominent
advantages. Vacuum coating equipment, semiconductor wafer transport systems, and high-temperature
furnace raceway bearings operate in a vacuum environment of hundreds of degrees Celsius year-round.
Ordinary steel balls will fail quickly due to the evaporation of lubricating grease, while tungsten alloy
balls, relying on their inherent high-temperature hardness and low vapor pressure, can maintain an
extremely low wear rate under conditions of insufficient oil or even dry friction, thus extending their

lifespan many times over.

Ultra-high-speed dental handpieces and precision spindle bearings utilize tungsten alloy spherical mirror-
grade surfaces and extremely low coefficients of friction to achieve speeds exceeding traditional limits
while maintaining extremely low noise and vibration. Surface DLC or MoS: coatings further enhance
their self-lubricating capabilities, resulting in minimal temperature rise and extremely long bearing life

during high-speed operation.

The production process of tungsten alloy balls for high-precision bearings is extremely rigorous,
requiring dozens of quality control checks from raw materials to finished products. Sphericity, surface
roughness, and batch consistency all reach top-tier levels in the industry. These balls are not only the
rolling elements of the bearing but also the comerstone of the entire system's reliability, playing an
increasingly important role in modern high-end manufacturing's pursuit of long lifespan and zero

maintenance .

5.2.3 Wear-resistant balls for vibrating screens and separation equipment

Vibrating screens and separation equipment are indispensable core equipment in industries such as
mineral processing, chemical, food, pharmaceutical, and building materials. Their internal media balls
directly withstand the combined effects of high-frequency vibration, strong impact, abrasive erosion, and
corrosive media, resulting in extremely harsh service conditions. Tungsten alloy balls, with their
significantly superior hardness, wear resistance, impact toughness, and chemical inertness compared to
traditional steel, cast iron, or zirconia balls, have become the absolute mainstream choice for media balls
in high-end vibrating screens and separation equipment, demonstrating irreplaceable advantages,
especially in processing high-hardness ores, highly corrosive slurries, or fine separation scenarios

requiring extremely low pollution.
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Tungsten alloy balls serve as both grinding media and separation aids: the balls collide violently with
materials under high-frequency vibration in the screen box , breaking large particles into smaller ones,
while simultaneously achieving grading and screening through the gaps between the balls. Their
extremely high hardness ensures that the ball surface experiences almost no plastic deformation or pitting;
the tungsten particle skeleton effectively resists the micro-cutting action of the abrasive, while the
toughness of the binder phase prevents the balls from cracking or peeling off during repeated impacts.
Even when processing ultra-hard materials such as corundum, silicon carbide, and quartz sand, the wear
rate of tungsten alloy balls remains extremely low, and their service life is often several times longer than

that of high-quality forged steel balls.

In wet screening and corrosive slurry environments, tungsten alloy balls exhibit particularly outstanding
chemical stability. The W-Ni-Cu system spheres naturally form a dense passivation film on their surface,
exhibiting strong resistance to acids, alkalis, salt spray, and chloride ions. They are virtually free from
corrosion and leaching contamination, ensuring the purity of the screened products. This makes them
especially suitable for processes with extremely high cleanliness requirements, such as food-grade starch
separation, pharmaceutical intermediate screening, and wet grading of lithium battery materials.
Compared to ceramic balls, tungsten alloy balls have a higher density, resulting in greater screening
kinetic energy and higher grading efficiency; compared to steel balls, they completely avoid iron

contamination and corrosion problems.

In practical applications, vibrating screen media balls are often filled with multi-level particle size ratios,
with tungsten alloy balls covering the entire particle size range from coarse to ultrafine grinding. Large-
diameter balls are responsible for initial crushing, medium-diameter balls enhance grinding, and small-
diameter balls improve classification accuracy. Leading companies have even launched tungsten alloy
balls with micro-textured surfaces or composite coatings to further reduce the friction coefficient between

balls and between balls and the screen plate, thereby reducing energy consumption and noise generation.

tungsten alloy balls into vibrating screens and separation equipment has not only significantly extended
the media replacement cycle and reduced downtime maintenance costs, but also significantly improved
screening accuracy and product consistency. Furthermore, against the backdrop of increasingly stringent
environmental regulations, it has helped countless enterprises completely get rid of the iron pollution
problems of traditional steel balls and the brittle fracture problems of ceramic balls, becoming one of the

iconic materials of modern efficient and green separation processes.

5.2.4 Tungsten alloy shot peening for spraying and surface treatment

Tungsten alloy shot peening for spraying and surface treatment is the most unique and technologically
advanced application of tungsten alloy balls in the field of surface engineering. With its high hardness,
high density and excellent fatigue resistance, it achieves cleaning, strengthening and deformation and
residual compressive stress introduction by impacting the substrate surface at high speed. It is known as

the "ultimate executor of cold work hardening".
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In surface shot peening processes for aero-engine blades, automotive crankshafts, medical implants,
mold cavities, and high-end cutting tools, tungsten alloy shot, with its significantly higher kinetic energy
and hardness than steel or ceramic shot, can generate deeper plastic deformation zones and higher
residual compressive stress amplitudes on the substrate surface. This results in a substantial increase in
the fatigue strength and stress corrosion cracking resistance of parts. Tungsten alloy shot is less prone to
shattering or deformation after impact and can be reused far more times than traditional media,

significantly reducing shot consumption.

In shot peening applications requiring extremely high cleanliness, such as thinning the back of
semiconductor silicon wafers, nano-sizing of medical titanium alloy implants , or cleaning optical lens
substrates, the non-magnetic and iron-free contamination properties of tungsten alloy shot peening are
particularly valuable. It can remove surface oxide layers and contaminants without introducing any
magnetic or metal ion residues, ensuring the safety of subsequent coating or implantation surgeries.
Tungsten alloy shot peening with specially polished and passivated surfaces can even be used in ultra-

clean rooms, becoming an indispensable "clean ammunition" for high-end surface treatment.

In the pretreatment stage of thermal spraying, tungsten alloy shot peening is used to roughen the substrate
surface to improve coating adhesion. Its high hardness results in a more uniform and deeper roughening
texture without embedded contaminants, making it suitable for pretreatment of titanium alloys, nickel-
based superalloys, and ceramic coatings. Compared to alumina grit or steel grit, tungsten alloy shot
peening produces almost no dust or embedded particles, significantly simplifying subsequent cleaning

processes.

With the increasing demands on the lifespan of aero-engine blades, the trend towards nanocrystalline
surfaces in medical implants , and the need for thinner and lighter 5G communication components,
tungsten alloy shot peening is evolving towards smaller particle size, narrower particle size distribution,
and multifunctionality. Some high-end products have already achieved surface chromium plating or
nitriding treatments, further enhancing wear resistance and anti-adhesion capabilities. With its
unparalleled strengthening efficiency, cleanliness, and long lifespan, tungsten alloy shot peening has

become one of the most reliable and advanced media materials in the field of modern surface engineering.

5.2.5 Tungsten alloy ball for calibration of measuring instruments and balances

Tungsten alloy balls used for calibration of measuring instruments and balances represent the most
precise and demanding application of tungsten alloy balls in the field of metrology. Their requirements
for density consistency, long-term stability, and environmental adaptability have reached the highest level,
and they are regarded as an indispensable "quality benchmark" for national metrological standards and

high-end analytical instruments.

In national quality benchmark laboratories, high-precision analytical balances, and precision mechanical
testing equipment, tungsten alloy spheres, used as standard weights or calibration mass blocks, must

possess extremely high density uniformity, dimensional stability, and oxidation resistance. The W-Ni-Cu

COPYRIGHT AND LEGAL LIABILITY STATEMENT
Copyright© 2024 CTIA All Rights Reserved #3%/TEL: 0086 592 512 969%
FROE S ERA S CTIAQCD-MA-E/ P 2024 K CTIAQCD-MA-E/ P 2018-2024V
www.ctia.com.cn salcs@chinat ungsten.com
# 67 T 3t 101

=
=


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

non-magnetic system spheres undergo multi-stage precision grinding and vacuum heat treatment,
controlling density deviation within an extremely narrow range. The surface passivation layer ensures
negligible mass change after years of storage. These characteristics enable tungsten alloy spheres to serve
as E1 gradeor even higher standard weights, directly participating in the international kilogram prototype
traceability chain, providing the most reliable quality benchmark for global trade, scientific research, and

industrial metrology.

In the internal calibration mechanisms of high-precision analytical balances and microbalances, tungsten
alloy spheres are used as built-in standard masses. Their extremely small size and extremely high mass
allow the balance to achieve a perfect combination of wide range and high resolution within a limited
space. The mirror-polished and gold-plated surface of the spheres not only prevents oxidation and
deterioration but also reduces the effects of electrostatic adsorption and air buoyancy, ensuring highly

repeatable calibration results for each calibration.

In force sensors , material testing machines, and torque wrench calibration devices, tungsten alloy balls
are often made into standard force-loading balls or balance balls. Utilizing their precisely known mass
and perfect sphericity, they provide pure gravitational loads, avoiding the eccentricity errors and contact
deformation caused by traditional weight stacking. The extremely low coefficient of expansion and zero
magnetism of tungsten alloy balls over a wide range of humidity and temperature conditions further

ensure the long-term stability of the calibration process and its immunity to electromagnetic interference.

Advanced laboratories have also developed tungsten alloy spheres coated with platinum or palladium for
gas adsorption and surface science experiments. Their clean surfaces and known mass make them ideal
carriers for studying molecular adsorption behavior. With their unparalleled density accuracy,
dimensional accuracy, and environmental stability, tungsten alloy spheres have become the most reliable
physical standard in modern metrology, ranging from macroscopic force values to microscopic masses,

driving the continuous evolution of analytical instruments towards higher resolution and longer stability.

5.3 Application of Tungsten Alloy Balls in High-End Special Fields

tungsten alloy spheres in high-end specialized fields represents the ultimate release of their performance
potential. These scenarios often impose multi-dimensional and extreme requirements on materials:
extremely high density and shielding efficiency, non-magnetic or controllable magnetism, ultra-high
precision, long-term radiation stability, and biocompatibility or cleanliness. Through composition
optimization and process refinement, tungsten alloy spheres perfectly meet these stringent conditions,
becoming an indispensable core functional component in medical radiotherapy and nuclear technology

facilities.

Tungsten alloy balls for collimators in medical radiotherapy

The collimator in medical radiotherapy is the heart of modern precision radiotherapy equipment for

tumors. Its mission is to shape the high-energy beam into a dose distribution that is highly conformal to
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the three-dimensional contour of the lesion, while minimizing the radiation dose to surrounding healthy
tissues. Tungsten alloy spheres, as the most precise and critical filling and shaping element in the
collimator , have revolutionized the precision and safety of radiotherapy with their unparalleled radiation

attenuation capabilities, geometric precision, and non-magnetic properties.

In multi-leaf collimator systems of Gamma Knife, CyberKnife, and medical linear accelerators, tens of
thousands of tungsten alloy spheres are precisely arranged between the leaves or in the focusing aperture
array, forming a dynamically variable beam path. The completely non-magnetic nature of the spheres
ensures that no interference artifacts are generated in strong magnetic field environments (such as MR-
Linac magnetic resonance-guided radiotherapy), while the extremely high density allows the collimator
to achieve extremely strong gamma-ray blocking capability at an extremely thin thickness, sharply
confining the high-dose zone to the tumor volume, while normal tissue is almost unaffected. This "razor-
sharp" dose gradient allows doctors to perform radical irradiation on tumors in complex locations such

as the brainstem, spinal cord, or prostate without worrying about serious complications.

tungsten alloy spheres in collimators is their filling-type focusing structure. Traditional platinum alloy or
lead block collimators are bulky and incredibly heavy, while tungsten alloy spheres can be precisely
stacked to form a focusing aperture array of arbitrary curvature, making the overall equipment lighter
and more compact, facilitating high-speed rotation of the gantry and real-time image guidance. The
sphere surface undergoes mirror polishing and special passivation treatment, which not only reduces
secondary electron emission but also greatly reduces X-ray scattering, ensuring the accuracy and

repeatability of dose calculations.

In passive scattering and pencil beam scanning systems for proton and heavy ion therapy, tungsten alloy
spheres are also used to fill ridge filters or compensators to modulate the particle beam energy distribution
and achieve precise superposition of deep-dose Bragg peaks. Their high density and chemical inertness
ensure that no activation products or material degradation are generated under high-flux particle

irradiation, guaranteeing the cleanliness of the treatment room and patient safety.

The non-toxic, sterilizable, and long-term dimensionally stable properties of tungsten alloy spheres
ensure they fully meet the most stringent biocompatibility and radiation compatibility requirements for
medical devices. Each batch of spheres must pass ISO 10993 bioassay and FDA registration verification
before clinical use. This end-to-end quality control, from materials to finished product, makes tungsten
alloy spheres the comerstone of modern radiotherapy equipment, achieving "millimeter-level precision
and micrometer-level safety," and bringing higher cure rates and lower side effects to countless cancer
patients. Its extensive application in medical collimators not only demonstrates the pinnacle of tungsten

alloy sphere technology but also highlights the profound contribution of materials science to human
health.

5.3.2 Tungsten alloy spheres for radiation shielding and neutron absorption in the nuclear industry

Tungsten alloy spheres for radiation shielding and neutron absorption in the nuclear industry represent
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the most demanding and core application of tungsten alloy spheres in nuclear technology facilities . They
need to achieve efficient and stable radiation attenuation and neutron capture in high-flux neutron and
gamma-ray mixed radiation fields, highly corrosive coolants, and long-term high-temperature irradiation

environments, while maintaining structural integrity and dimensional stability.

In the shielding structures of research reactors, medical isotope production reactors, and nuclear fuel
reprocessing facilities, tungsten alloy spheres are often used to fill multi-layered shielding walls,
container gaps, or movable shielding modules, forming a protective layer that is both high-density and
highly flexible. Their extremely strong attenuation capability for gamma rays allows for a significant
reduction in shielding thickness, achieving a higher level of protection within a limited space. By
incorporating strong neutron-absorbing elements such as boron, gadolinium , and samarium, the spheres
additionally acquire excellent thermal and fast neutron capture cross-sections, achieving comprehensive
control of mixed radiation fields. This dual-effect shielding characteristic is particularly valuable in the

design of space-constrained hot chambers, glove boxes, and transport containers.

In reactor control rod drive mechanisms and neutron beam experimental lines, absorber-doped tungsten
alloy spheres are used in absorption rings or collimation filling components to regulate neutron flux
distribution and block associated gamma rays, ensuring the safety of experimental personnel and
equipment. Their spherical geometry provides natural packing characteristics, making the shielding
structure both dense and easy to assemble and disassemble, facilitating regular maintenance and
minimizing waste disposal. tungsten alloy spheres enable them to operate for extended periods in high-
temperature heavy water or molten salt environments without significant dimensional changes or
performance degradation. Special surface passivation or coating treatments further enhance resistance to
coolant corrosion and activation product adhesion, ensuring the facility maintains its shielding
effectiveness over its decades-long design life. to traditional boronized steel, lead-boron polyethylene ,
or cadmium plates , tungsten alloy spheres offer comprehensive advantages in density, strength,
temperature resistance, and machinability, making them a key material for the compactness, longevity,
and greening of next-generation nuclear facilities. Their widespread application not only significantly
improves the safety and operational efficiency of nuclear technology facilities but also provides the most
reliable material guarantee for the sustainable development of radioisotope production, boron neutron

capture therapy, and advanced nuclear energy systems.

5.3.3 Tungsten alloy balls for aerospace inertial navigation and flywheel applications

The extreme requirements for mass distribution in aerospace inertial navigation and flywheel systems
make tungsten alloy spheres the core inertial components of energy storage flywheel rotors and precision
gyroscopes. Their high density and excellent dynamic balance characteristics can provide a large moment
of inertia in a very small volume, thereby enabling high-precision attitude control and energy storage for

satellites, probes, and space stations.

In satellite energy storage flywheels, tungsten alloy spheres are precisely embedded or bonded to the

interior of carbon fiber or titanium alloy rims, forming high-density mass rings. Their extremely high
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bulk density significantly increases the flywheel's moment of inertia for the same outer diameter,
resulting in an energy storage density far exceeding that of traditional materials. This allows for rapid
energy release during peak power demands or to maintain normal satellite operation during shadow
periods. The sphere surface undergoes mirror-level polishing and multi-stage dynamic balancing to
ensure extremely low vibration and noise during high-speed rotation, avoiding interference with sensitive
optical payloads or communication systems. The use of non-magnetic or micro-magnetic tungsten alloy
spheres further eliminates hysteresis losses and magnetic field interference, resulting in higher flywheel

system efficiency and a longer lifespan.

In the attitude control flywheel assemblies of deep space probes and space stations, tungsten alloy spheres
also play a crucial role. During joumneys lasting years or even decades, probes rely on these flywheel
assemblies to precisely adjust their attitude to maintain antenna-to-Earth communication or solar array
orientation towards the sun. The high density of the tungsten alloy spheres allows the flywheels to
provide sufficient angular momentum reserves within a limited mass budget, meeting the demands of
complex orbital maneuvers and attitude adjustments. Their excellent radiation resistance and long-term
dimensional stability ensure that performance degradation or geometric deformation does not occur

under cosmic ray and drastic temperature variations.

High-end commercial satellite constellations and small satellite platforms are sensitive to cost and size.
The use of tungsten alloy spheres makes flywheel systems lighter, smaller, and more efficient, driving
the rapid development of satellite miniaturization and low-cost networking. In the balancing of space
station robotic arms and vibration reduction systems for experimental platforms, tungsten alloy spheres
are also used as adjustable mass blocks, achieving fine-tuning of the center of gravity and vibration
suppression through precise additions and subtractions. The extensive application of tungsten alloy
spheres in aerospace inertial navigation and flywheel fields has not only significantly improved the
maneuverability, lifespan, and reliability of spacecraft, but also provided the most robust power guarantee
for deep space exploration, satellite internet, and long-term space station stays. In the form of tiny spheres,
they carry humanity's grand dream of exploring the universe and have become an indispensable, unsung

hero of modem aerospace technology.

5.3.4 Tungsten alloy spheres for radiation shielding and neutron absorption in the nuclear industry

Tungsten alloy spheres for radiation shielding and neutron absorption in the nuclear industry represent
the most demanding and critical application of tungsten alloy spheres in nuclear technology facilities .
They need to achieve efficient and stable radiation attenuation and neutron capture in high-flux neutron
and gamma-ray mixed radiation fields, highly corrosive coolants, and long-term high-temperature

irradiation environments, while maintaining structural integrity and dimensional stability.

In the shielding structures of research reactors, medical isotope production reactors, and nuclear fuel
reprocessing facilities, tungsten alloy spheres are often used to fill multi-layered shielding walls,
container gaps, or movable shielding modules, forming a protective layer that is both high-density and

highly flexible. Their extremely strong attenuation capability for gamma rays allows for a significant
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reduction in shielding thickness, achieving a higher level of protection within a limited space. By
incorporating elements with high capture cross-sections such as boron, gadolinium , and samarium, the
spheres additionally acquire excellent thermal and fast neutron capture cross-sections, achieving
comprehensive control of mixed radiation fields. This dual-effect shielding characteristic is particularly

valuable in the design of space-constrained hot chambers, glove boxes, and transport containers.

In reactor control rod drive mechanisms and neutron beam experimental lines, absorber-doped tungsten
alloy spheres are used in absorption rings or collimation filling components to regulate neutron flux
distribution and block associated gamma rays, ensuring the safety of experimental personnel and
equipment. Their spherical geometry provides natural packing characteristics, making the shielding
structure both dense and easy to assemble and disassemble, facilitating regular maintenance and

minimizing waste disposal.

tungsten alloy spheres enable them to operate for extended periods in high-temperature heavy water or
molten salt environments without significant dimensional changes or performance degradation. Special
surface passivation or coating treatments further enhance resistance to coolant corrosion and activation
product adhesion, ensuring the facility maintains its shielding effectiveness over its decades-long design
life.

to traditional boron-plated steel, lead-boron polyethylene , or cadmium plates , tungsten alloy spheres
offer comprehensive advantages in density, strength, temperature resistance, and machinability, making
them a key material for the compactness, longevity, and environmental friendliness of next-generation
nuclear facilities. Their widespread application not only significantly improves the safety and operational
efficiency of nuclear technology facilities but also provides the most reliable material guarantee for the
sustainable development of radioisotope production, boron neutron capture therapy, and advanced
nuclear energy systems. In their spherical form, tungsten alloy spheres silently guard the front lines of

the nuclear industry, becoming an indispensable shielding guardian for the peaceful use of nuclear energy.

5.3.5 Tungsten alloy balls for satellite attitude control flywheel and gyroscope

Satellite attitude control flywheels and gyroscope systems are the core actuators for spacecraft to achieve
precise pointing and stable flight. Tungsten alloy spheres, as their inertial mass elements, provide
maximum rotational inertia within a limited space due to their extremely high density and excellent
dynamic balance characteristics, making them an indispensable high-performance energy storage and

control component for modem satellite platforms.

The decisive factors for on-orbit lifespan and maneuverability.

In the control moment gyroscope and reaction flywheel, tungsten alloy spheres are precisely embedded
in the rim of the high-speed rotor, forming a high-density mass ring. Its high bulk density allows the rotor
to achieve a moment of inertia far exceeding that of traditional materials with the same outer diameter,

thus achieving greater angular momentum storage and rapid unloading capabilities with a smaller volume
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and mass. This is crucial for scenarios such as Earth observation satellites requiring frequent pointing
adjustments, communication satellites needing precise Earth-keeping, and scientific satellites requiring
extremely low micro-vibration environments. The surface of the tungsten alloy spheres undergoes mirror
polishing and multi-stage dynamic balancing treatment to ensure extremely low vibration and noise
during high-speed rotor rotation, avoiding interference with sensitive onboard payloads such as high-

resolution cameras or laser communication terminals.

non-magnetic or micro-magnetic tungsten alloy spheres allows the flywheel system to operate safely
near the onboard magnetometer or torque converter without hysteresis loss or interference with magnetic
measurement accuracy. Excellent radiation resistance and long-term dimensional stability ensure that the
sphere maintains its initial mass distribution and geometry even after several years or more in orbit,
without swelling, cracking, or mass loss, thus guaranteeing the reliability of attitude control throughout

the satellite's entire lifespan.

the rapid development of small satellites and CubeSats , the high-density advantages of tungsten alloy
spheres have become even more prominent: for the same angular momentum requirements, the flywheel's
volume and mass can be significantly reduced, freeing up valuable onboard space and launch weight
budgets for increasing payload or extending lifespan. Leading commercial satellite constellations have
adopted tungsten alloy flywheel spheres as standard equipment, ushering in an era of low-cost, highly
maneuverable satellite networking. Tungsten alloy spheres also play a crucial role in balancing the
robotic arm of space stations, adjusting the attitude of lunar/Mars landers, and the energy storage system
of the flywheels of deep space probes. Their long-term reliable service capability in vacuum, wide
temperature variations , and high radiation environments has been confirmed by multiple on-orbit
verifications. With their tiny yet precise spherical shape, tungsten alloy spheres carry the most critical
"sense of direction" and "energy center" of spacecraft, becoming one of the most reliable inertial pillars

for human space activities moving from low Earth orbit to deep space.

5.4 Applications of Tungsten Alloy Balls in Emerging and Cutting-Edge Application Fields

Tungsten alloy spheres are rapidly penetrating the most cutting-edge and challenging emerging fields.
Their extreme density, excellent high-temperature performance, radiation stability, and precision
machinability make them an ideal material for overcoming current technological bottlenecks and
unlocking future possibilities. In cutting-edge fields such as high-energy laser systems, hypersonic
vehicles, nuclear fusion devices, quantum computing cold heads, and deep space extreme environment
exploration, tungsten alloy spheres are no longer just traditional counterweights or shielding components,
but have evolved into key functional components that support the ultimate performance of systems,

continuously expanding the boundaries of human technology.

Tungsten Alloy Spheres for Laser Weapons and Directed Energy Systems

High-power lasers and directed energy systems place unprecedented demands on the stability of optical

platforms, mirror turntables , and energy transmission links. Any minute vibration, thermal drift, or shift
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in the center of gravity can lead to instability of the optical axis , significantly reducing beam pointing
accuracy or even causing complete failure. Tungsten alloy spheres, as the optimal balancing and
vibration-damping mass element, with their extremely high bulk density and perfect long-term

dimensional stability, have become the most discreet yet indispensable core component in such systems.

In high-energy laser optical platforms, tungsten alloy spheres are precisely embedded within the mass
block of multi-degree-of-freedom adjustment mechanisms or active vibration isolation systems. Their
ultra-high density enables the system to achieve extremely large inertial torque within a very small
volume, providing strong suppression of external vibrations and ensuring sub-arcsecond stability of the
laser beam path even under strong impacts, wide-band vibrations, or rapid maneuvers. The use of non-
magnetic tungsten alloy spheres completely avoids the impact of hysteresis loss and eddy current heat
on precision mirrors, while surface mirror polishing and special coating treatments further reduce
scattering and secondary thermal radiation, ensuring that beam quality is always maintained at the highest
level. In vehicle-mounted, airbome, or shipbome directed energy platforms, tungsten alloy spheres are
commonly used as dynamic balancing rings and mirror counterweights in high-speed turrets . Their high
density allows the turret to achieve extremely high angular acceleration and pointing speed with a smaller
moment of inertia, while rapidly absorbing vibrational energy during launch recoil or violent platform
maneuvers, preventing optical axis misalignment. The high-temperature stability of tungsten alloy
spheres also enables them to operate for extended periods under the high thermal loads of lasers without

dimensional changes or performance degradation.

A more cutting-edge application appears on space-based directed energy testing platforms, where
tungsten alloy spheres are designed as variable-mass flywheel spheres. Through electromagnetic or
mechanical means, the mass distribution is adjusted in real time to achieve ultra-precise fine-tuning of
the beam direction. Their outstanding performance in the combined environments of vacuum, extremely
low temperatures, and strong radiation allows the system to maintain its designed performance in orbit
for extended periods without maintenance. These tiny tungsten alloy spheres silently support the stability
and precision of humanity's most advanced optoelectronic systems, becoming one of the key enabling
materials for the practical application of laser and directed energy technologies, moving them from the
laboratory. They bring the dream of "point-and-shoot" one step closer to reality and provide the most

reliable balancing foundation for the future era of high-energy photon weapons.

Tungsten Alloy Balls for Balancing and Counterweighting Hypersonic Vehicles

Hypersonic aircraft face the pinnacle of requirements for center of gravity control and thermal balance
in extreme aerodynamic heating, severe vibration, and complex overload environments. Tungsten alloy
spheres, with their unparalleled high density, high temperature resistance, thermal shock resistance , and

oxidation resistance, have become the optimal mass control element for solving this problem .

Tungsten alloy spheres are precisely embedded in movable or fixed counterweight compartments within
the nose, wingtips, or tail of the aircraft. Their extremely high volumetric density allows for precise

adjustment of the center of gravity over a wide range within a very limited space, enabling the aircraft to
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maintain optimal aerodynamic configuration and stability across a wide Mach number range. After the
sphere surface is coated with a special high-temperature coating or covered with rhenium alloy, it can
maintain structural integrity and mass unchanged over long periods under aerodynamic heating
conditions of thousands of degrees Celsius, ensuring that the center of gravity does not drift due to

ablation or thermal deformation.

In engine intake manifolds, combustion chamber support rings , and exhaust nozzle adjustment
mechanisms, tungsten alloy balls are used as high-temperature balance balls and vibration damping balls.
Their high-temperature strength and low coefficient of thermal expansion allow the system to maintain
geometric accuracy and dynamic balance under severe thermal shock, avoiding structural fatigue or
control failure caused by vibration coupling. The high hardness of tungsten alloy balls also enables them
to resist wear over a long period of time under the scouring of high-speed airflow containing particles,

maintaining a smooth surface and stable quality.

A more advanced approach involves designing the tungsten alloy spheres as a variable counterweight
assembly. Through electromagnetic drive or shape memory alloy mechanisms, the spheres adjust their
positions in real time during flight, achieving a dynamic and optimal match between the center of gravity
and thrust vector. This ensures the aircraft maintains optimal attitude during extreme phases such as
scramjet engine ignition, trajectory maneuvers, or atmospheric reentry. This active tungsten alloy sphere
counterweight technology has become one of the core enabling technologies for sixth-generation

hypersonic platforms.

tungsten alloy spheres in hypersonic vehicles has not only significantly improved their maneuverability,
stability, and survivability, but also provided the most solid material support for humanity to break
through the sound barrier and achieve rapid global travel and space travel. In its tiny spherical form, it
carries humanity's grand dream of conquering the hypersonic era and has become one of the most shining

hidden stars in the hypersonic technology revolution .

Tungsten Alloy Balls for Deep-Sea Exploration Vehicles and Submarines

The requirements for ballast systems in deep-sea exploration vehicles and manned/unmanned
submersibles have reached the pinnacle of materials science: they must provide enormous mass within a
very small volume to withstand the immense buoyancy of water pressure at depths of tens of thousands
of meters, while the materials themselves must possess superior resistance to seawater corrosion,
extremely high compressive strength, long-term dimensional stability, and be completely non-toxic and
pollution-free. Tungsten alloy spheres, with their unparalleled bulk density, excellent corrosion resistance,
and reliable mechanical properties, have become the absolute preferred material for ballast systems in all
current deep-sea equipment, and are deeply embedded in the entire spectrum of deep-sea platforms, from

scientific expeditions to resource exploration, from seabed construction to ultra- deep-sea exploration.

In the design of full-ocean-depth manned submersibles such as the "Striver," remotely operated vehicles

(ROVs), and autonomous underwater vehicles (AUVs), tungsten alloy spheres are densely packed into
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dedicated ballast tanks outside or inside the pressure hull, forming either jettisonable or fixed ballast.
Jettable tungsten alloy spheres are typically arranged in modular sphere bags or sphere boxes , providing
the necessary negative buoyancy to overcome the equipment's own buoyancy during the descent phase.
After reaching the target depth, some spheres are jettisoned as needed to achieve neutral buoyancy
hovering or ascent for return. Compared to traditional cast iron or lead blocks, this method uses only
about one-third the volume while providing the same or even greater ballast mass, allowing the
submersible to carry more scientific instruments, robotic arms, or sampling equipment within the same

pressure hull size, greatly improving operational efficiency and scientific research output.

Fixed ballast tungsten alloy spheres are permanently installed on the bottom or sides of the submersible
for permanent downward shift of the center of gravity and attitude balance. Their extremely high
compressive strength ensures no compression deformation under water pressure of tens of thousands of
meters, with minimal dimensional change, guaranteeing the submersible's attitude stability in complex
ocean currents and seabed topography. The non-toxic nature of the tungsten alloy spheres completely
eliminates the risk of marine ecological pollution that lead ballast may pose. Special surface passivation
or titanium plating further endows them with near-permanent resistance to seawater corrosion. Even
during long-term service in deep-sea hydrothermal vent areas containing hydrogen sulfide, the surface

remains pristine, without any corrosion products or weight loss.

long-term underwater equipment such as nodes of seabed observation networks, seabed drilling rigs, and
seabed mining machines , tungsten alloy spheres are used as foundation ballast and anti-buoyancy
anchoring components. Their high density allows the equipment to stand firmly on soft seabed mud or
slopes without requiring a large concrete base, while their spherical shape facilitates precise deployment
and retrieval by underwater robots. The long-term reliability of tungsten alloy spheres in the high-
pressure, low-temperature, and high-salinity complex environment of the deep sea has been verified by
multiple sea trials at depths of tens of thousands of meters , making them the most reliable ballast
guarantee for human exploration of the Mariana Trench, Kermadec Trench, and other extremely deep

ocgan areas.

With the development of deep-sea solid-state batteries, ultra-high-pressure buoyancy materials, and
intelligent ballast systems, tungsten alloy spheres are evolving towards variable density and intelligent
ballast release . Through surface functional coatings or intemal microstructure design, the spheres can
slowly dissolve and release or change their effective mass under specific conditions, further improving
the energy efficiency and operational flexibility of submersibles. Tungsten alloy spheres, with their
uncompromising performance in the harshest deep-sea environments, are accompanying humanity in
continuously breaking deep-sea exploration records, becoming one of the most solid material partners in

conquering the last frontier of the Earth.

5.4.5 Tungsten alloy ball for 5G communication base station filter oscillator

5G communication base station filters have set unprecedentedly high standards for the mass distribution,

dimensional stability, thermal performance, and long-term reliability of oscillators. Tungsten alloy balls,
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with their extremely high density, excellent thermal expansion matching, outstanding fatigue resistance,
and precision machinability, have become the most ideal tuning and balancing element for oscillators in
large-scale MIMO antennas and high-power cavity filters, driving the continuous evolution of 5G

networks towards higher frequencies, wider bandwidths, and lower latency.

In 5G massive MIMO antennas and RF front-end filters, the resonant frequency and bandwidth
optimization of the vibrator require precise mass loading. Tungsten alloy spheres are precisely embedded
or bonded to the ends, center, or tip of the vibrator arm. Their extremely high volume density allows the
vibrator to significantly reduce the resonant frequency without changing its external dimensions, or to
drastically reduce the vibrator volume at the same frequency, thereby providing a larger element spacing
and lower mutual coupling interference for the antenna array . The sphere surface is mirror-polished and
treated with a special coating, which not only ensures absolute uniformity of mass distribution but also
greatly reduces the skin effect loss caused by high-frequency surface current, keeping the filter insertion

loss at a minimum.

In high-power base station filters, tungsten alloy spheres also play a crucial role in thermal balance and
resistance to thermal deformation. Their thermal expansion coefficients are highly matched with those
of the copper or aluminum oscillator substrate . In environments with severe temperature rises caused by
high-power transmission, the spheres expand and contract synchronously with the oscillator, preventing
frequency drift or structural cracking caused by thermal stress concentration. Simultaneously, the
excellent thermal conductivity of the tungsten alloy spheres allows heat to be rapidly conducted to the
oscillator substrate. Combined with cavity air cooling or liquid cooling systems, this keeps the oscillator
temperature within a safe range, ensuring that the base station maintains frequency stability and power

capacity even under full load operation.

The use of non-magnetic tungsten alloy spheres completely eliminates the negative impact of hysteresis
loss and eddy current heat on the filter's Q value. Especially in dual-mode filters that combine Sub-6GHz
and millimeter-wave technologies, this characteristic enables the system to maintain extremely high
selectivity and isolation across a wide frequency band. The spheres' high hardness and fatigue resistance
also allow them to maintain their position and quality stability under long-term vibration and temperature
cycling conditions at base stations, avoiding the loosening, wear, or breakage problems commonly found

with traditional steel or ceramic spheres.

In the pre-research phase of 6G and the exploration of terahertz communication, tungsten alloy spheres
are being used for the precision tuning of ultra-miniature resonant cavities and metamaterial units. Their
high density and low thermal expansion characteristics allow the oscillator to maintain resonance
accuracy even under higher frequencies and more extreme thermal loads, providing crucial material
support for future wireless communication leaps to higher frequency bands. These tiny tungsten alloy
spheres silently regulate the precise flow of massive amounts of radio frequency signals, becoming
invisible yet indispensable "frequency guardians" for 5G and even future 6G networks covering the globe
and enabling the Internet of Things. They make every base station a reliable node on the information

superhighway, allowing human communication capabilities to achieve another qualitative leap.
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5.4.6 High-end watch rotor and automatic winding tungsten alloy ball

In the eyes of Swiss and German watchmaking masters, tungsten alloy spheres have long transcended
ordinary metals, becoming the essential material for the automatic rotor and winding system of top-tier
mechanical watches . With its extreme density, perfect dimensional stability, captivating metallic luster,
and excellent compatibility with precious metals, it has pushed the mechanical aesthetics and physical
performance of "wrist art" to new heights, becoming a signature feature of prestigious brands such as

Patek Philippe, Vacheron Constantin, A. Lange & SShne, Rolex, and Omega .

The automatic rotor is the core component of a mechanical watch that enables automatic winding. Its
mass and center of gravity distribution directly determine the winding efficiency, the smoothness of the
feel, and the dynamic balance when worn. Tungsten alloy balls are precisely set or screwed into the edge
or interior of an 18K gold, platinum, or titanium alloy rotor , forming various shapes such as crescent,
full circle, or micro-rotor. The extremely high bulk density of tungsten alloy allows the rotor to generate
a moment of inertia far exceeding that of gold or platinum within a very small radius. The wearer only
needs to slightly shake their wrist for the rotor to efficiently transfer kinetic energy to the mainspring,
achieving a faster and smoother full winding. Compared to the crude approach of traditional brass rotors
with counterweight screws, the tungsten alloy balls allow the rotor design to return to pure geometric
aesthetics: more elegant lines, thinner thickness, and more visually transparent, yet possessing a stronger

winding capacity.

Surface treatment is the most meticulous part of using tungsten alloy spheres in watchmaking. After
dozens of mirror polishing processes, the sphere exhibits a deep metallic mirror luster, creating a cool
and luxurious contrast with the rose gold, platinum, or carbon fiber rotor . Some top-tier pieces even
apply an extremely thin PVD black gold or blue coating to the surface of the tungsten alloy sphere,
allowing it to refract a mysterious deep-space texture under different lighting conditions. The sphere is
secured to the rotor body using micro-screws, inlays, or laser welding, ensuring it will never loosen or

shift during decades or even centuries of wear.

In ultra-thin and complex watches , the advantages of tungsten alloy balls are even more prominent.
Miniature automatic winding systems often have extremely limited space, and traditional precious metals
can no longer provide sufficient inertia. Tungsten alloy balls, however, can achieve a large mass in a very
small volume, allowing watchmakers to fit bidirectional or external miniature rotors into cases less than
ten millimeters thick . This enables top-tier complications such as ultra-thin minute repeaters, perpetual
calendars, and split-seconds chronographs to have reliable automatic winding capabilities. Some
pioneering brands have even introduced the concept of an "all-tungsten rotor , " combining a tungsten

alloy ball with a tungsten alloy plate, making the rotor itself a cold, austere work of industrial art.

the tungsten alloy ball completely eliminates the risk of magnetization in the balance spring and
escapement system, while its corrosion resistance and oxidation resistance ensure that it remains as good
as new for decades despite daily exposure to sweat, perfume, and seawater. It is this ability to integrate

ultimate physical performance with ultimate aesthetic pursuit that elevates the tungsten alloy ball from a
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behind-the-scenes material to the most direct symbol of a top-tier watch— when watch enthusiasts talk
about "tungsten steel," "carbon tungsten," or "black tungsten," they are discussing more than just
hardness; they are expressing a shared reverence for the ultimate craftsmanship and materials. It allows
each high-end mechanical watch to not only tick the time but also embody humanity's ultimate pursuit

of precision and beauty.

CTIA GROUP LTD Tungsten Alloy Balls
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Chapter 6: Common Quality Problems and Solutions for Tungsten Alloy Balls

6.1 Causes and Elimination Methods of Surface Cracks in Tungsten Alloy Spheres

Surface cracks are the most common and easily detected quality defect in tungsten alloy balls . Minor

cracks can affect appearance and corrosion resistance, while major cracks can become a source of fatigue
or the starting point of rolling failure. Their formation mechanism is complex, involving almost all key
processes such as raw materials, forming, sintering, heat treatment, and grinding. Only by combining
systematic source tracing with multi-dimensional prevention can their occurrence rate be fundamentally

reduced to near zero.

The primary cause of cracking stems from the residual stress imbalance during the sintering and cooling
stages. During liquid-phase sintering, the binder phase rapidly solidifies and shrinks, while the tungsten
particle skeleton hardly shrinks. The difference in their thermal expansion coefficients generates
significant tensile stress during cooling. When this stress exceeds the local strength of the binder phase,
microcracks form on or near the surface. Excessive cooling rates, uneven temperature fields within the
furnace , excessively high billet loading density, or the presence of a density gradient within the billet
itself can significantly amplify this stress concentration. Cold-pressing cracks from the forming stage or
residual creases from isostatic pressing rubber molds can also be magnified into visible cracks during

sintering.

The grinding stage is another major source of cracks. In multi-stage grinding, improper removal of
material, excessively coarse abrasive, insufficient coolant, or excessive grinding pressure can all generate
microcracks in the hard and brittle tungsten particle layer. The typical two-phase structure of tungsten
alloy spheres—with its prominent tungsten particle skeleton and recessed binder phase—makes them
exceptionally sensitive to grinding processes. Once process parameters become unbalanced, microcracks
will rapidly propagate along the tungsten particle boundaries, eventually forming visible network or
radial cracks. Improper heat treatment (such as insufficient vacuum annealing temperature or excessively
rapid heating and cooling rates) can also retain or reintroduce surface tensile stress, becoming a breeding

ground for later-stage cracks.

Eliminating surface cracks requires closed-loop control throughout the entire process, from start to finish.
First, optimize the sintering process: employ multi-segment slow-speed controlled cooling curves ,
precisely match the solid-state phase transformation point of the binder phase to the holding platform,
and ensure reasonable spacing between billets and spheres within the furnace to guarantee temperature
field uniformity; for large-diameter or high-tungsten-content spheres, add an intermediate isothermal
tempering process to completely release liquid phase stress . Second, strengthen density uniformity
during the forming stage; cold isostatic pressing is preferred over unidirectional molding, and all billets
undergo X-ray or ultrasonic density testing after pressing; any billet with a density gradient exceeding

the standard is directly re-forged in the furnace.

The grinding stage employs a progressive philosophy of "small batches, multiple times, soft grinding
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and hard polishing": coarse grinding uses high-toughness ceramic media and sufficient coolant, medium
and fine grinding gradually reduces the removal rate, and the final three to five polishing stages all use
nano-diamond suspension and magnetorheological or ultrasonic-assisted equipment to completely
eliminate processing damage layers. After each grinding stage, all spheres must undergo high-pressure
ultrasonic cleaning and 100% inspection with an automatic optical crack detector; any suspicious cracks

are immediately re-polished or rejected.

In the heat treatment process, low-temperature long-time vacuum stress-relief annealing is introduced as
a standard post-treatment. For precision-grade and medical-grade spheres, secondary annealing and
liquid nitrogen deep- cryogenic cycling are even added to further neutralize residual stress. Surface
chemical passivation or thin-layer PVD coating can also effectively seal potential microcrack initiation
points and improve corrosion cracking resistance. Through the above-mentioned multi-pronged
systematic engineering, leading companies in the industry have reduced the incidence of surface cracks
to less than one in ten thousand per batch, and even achieved zero customer complaints for several
consecutive years. Surface cracks have been completely transformed from a "stubborn problem" into a
preventable and controllable routine indicator, providing the most solid quality assurance for tungsten

alloy spheres to gain absolute trust in the most demanding application scenarios.

6.2 Adjustment and Prevention of Out-of-Tolerance Dimensional Deviations of Tungsten Alloy
Balls

Out-of-tolerance dimensional deviations are the most direct quality issue affecting the interchangeability
and assembly reliability of tungsten alloy balls. This is especially true in applications with zero tolerance
for geometric precision, such as medical collimators, precision bearings, metrological weights, and high-
end watch rotors . A single out-of-tolerance ball can lead to the return of an entire batch or even system
failure. The causes of these deviations are intertwined throughout the entire process of molding, sintering,
and grinding. Only by establishing a complete closed loop, from prevention at the source to precise

compensation at the end, can dimensional consistency be maintained at the highest level in the long term.

The molding stage is the initial source of dimensional deviations. Although cold isostatic pressing is
superior to compression molding, ifthe rubber mold ages, venting is incomplete, or pressure transmission
is uneven, local protrusions or depressions will still form on the surface of the blank, directly affecting
the sintered spheres. Cold pressing is more prone to density differences between the upper and lower end
faces, leading to inconsistent sintering shrinkage and ultimately resulting in excessive ellipticity in the
diameter direction. The solution lies in high-standard maintenance of molds and equipment: regular
replacement of rubber molds, strict vacuum venting before pressing, real-time synchronization
calibration of the press, and full-size laser scanning of each blank. Any blank exceeding the tolerance is

directly re-forged in the furnace, eliminating potential dimensional problems at the source.

Sintering shrinkage is the biggest variable in dimensional deviation. During liquid-phase sintering, the
wetting and rearrangement of the binder phase and the dissolution and re -precipitation of tungsten

particles both contribute to overall shrinkage. The shrinkage rate is influenced by a combination of
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factors, including temperature, holding time, furnace atmosphere , and billet loading method. Spherical
shapes at different locations within the same furnace may shrink inconsistently due to slight differences
in the thermal field, leading to amplified diameter dispersion. The most effective preventative measure
in the industry is to establish a "digital twin sintering" system: before each furnace, the actual shrinkage
rate is precisely measured using test billets , and the target billet diameter is corrected in real time; multi-
zone independent temperature control and rotating mullite trays are used in the furnace to ensure uniform
thermal field in all directions; precision-grade spheres are loaded into the furnace in a single layer to
completely eliminate shrinkage gradients caused by stacking obstruction. High-end production lines even
introduce in-situ optical diameter measurement systems to monitor the shrinkage curve in real time

during the high-temperature sintering stage, achieving closed-loop feedback regulation.

The grinding stage is the final stage for the formation and compensation of dimensional deviations.
Traditional batch grinding is prone to dimensional dispersion due to media wear, grinding fluid
concentration drift, or collisions between spheres. Precision-grade spheres can hardly tolerate this
randomness. The modern solution is to fully shift to a process route that combines "single-sphere
precision grinding" and "graded compensation grinding": coarse and medium grinding still use high-
precision planetary or vertical equipment, but after each stage, 100% automatic laser sorting is performed
to divide the spheres into dozens of narrow intervals according to their actual size; the fine grinding and
polishing stages use individual formulas, individual equipment, and individual parameters for targeted
compensation and removal, and finally all spheres are precisely normalized to within the target
dimensional tolerance zone. Ultra-precision medical and metrology-grade spheres go a step further, using
single-sphere robotic feeding and single-sphere magnetorheological or ion beam precision finishing to

ensure that the diameter and sphericity of each sphere are independently controllable.

The ultimate goal of preventing dimensional deviations is a closed-loop data chain throughout the entire
process. Modern factories have implemented a unique QR code binding system from powder mixing
batches, pressing records, sintering furnace cycles, grinding batches to final dimensions. Any batch with
dimensional abnormalities can be traced back to the source process within seconds, and process
parameters can be rapidly iterated. Combined with Al predictive models, the system can even predict the
final size distribution during the forming stage, adjusting pressing and sintering parameters in advance

to eliminate deviations at their inception.

Through the aforementioned systematic engineering approach of strict prevention at the source, precise
process control, end-of-pipe compensation, and closed-loop data management, leading companies in the
industry have stabilized the batch diameter deviation of precision-grade tungsten alloy balls within the
micrometer level, and easily achieved ten-micrometer consistency for ordinary-grade balls. This
completely satisfies the ultimate requirement of the most discerning customers for "thousands of balls

that are exactly the same."

6.3 Handling the problem of uneven density and segregation of tungsten alloy spheres

Non-uniform density and compositional segregation are the most insidious and destructive defects in the
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intrinsic quality of tungsten alloy spheres. Once they occur, they can lead to batch performance
discrepancies, or even cause counterweight failure, shielding leakage, or inertial imbalance, and may
even cause a reliability crisis for the entire equipment. The root cause lies in the density difference and
wetting behavior differences between tungsten and the binder phase at the microscale. Only by
implementing systematic control throughout the entire chain, from powder mixing to sintering

densification and then to cooling and solidification, can their impact be reduced to a negligible level.

The powder mixing stage is the primary breeding ground for segregation. Tungsten powder differs
significantly in density from nickel, iron, and copper powders. Even slight dead zones or insufficient
mixing time in ordinary V-type or double-cone mixers can lead to localized enrichment or depletion of
the binder phase. The most mature industry solution is to use a high-energy planetary ball mill or a three-
dimensional vortex mixer, combined with spray drying granulation technology, to ensure that each
tungsten powder particle is uniformly coated with the binder phase and organic coating agent, forming
near-spherical composite particles, thus eliminating gravity stratification and vibration segregation at the
source. Immediately after mixing, samples are taken for cross-sectional metallographic and energy
dispersive spectroscopy (EDS) scanning. Any signs of segregation result in the entire batch being
remixed to ensure that the powder entering the molding stage achieves ideal uniformity at the

microscopic level.

Uneven pressure transmission during the molding stage is another major contributing factor. Poor punch
synchronization or excessive friction on the mold sidewalls during cold pressing can create density
gradient zones within the billet. While isostatic pressing is superior to cold pressing, aging of the rubber
mold or poor venting can still lead to localized low-density areas. The solution lies in full-process
pressure monitoring and billet density mapping: cold presses are equipped with multi-point pressure
sensors for real-time correction; density measuring blocks are pre-embedded within the isostatic pressing
casing for dissection and verification after pressing in the same batch; and all billets must undergo X-ray
or ultrasonic density imaging screening after demolding , with any abnormal areas immediately discarded

or returned to the furnace.

The sintering stage is a high-risk period for density inhomogeneity and segregation. During liquid-phase
sintering, if the temperature rises too quickly or the holding time is insufficient, the binder phase may
not fully wet the tungsten particles before localized flow, resulting in low-density areas or binder phase-
rich zones. If the cooling rate becomes uncontrolled during the cooling stage, uneven solidification and
shrinkage of the binder phase can pull on the tungsten skeleton, forming internal voids or segregation
zones. The most effective prevention and control measure is to establish a "segmented, precise thermal
process": during the heating stage, multi-stage slow ramp-up is used to ensure uniform melting of the
binder phase; during the liquid-phase holding stage, the optimal wetting window is precisely matched to
allow the tungsten particles to fully rearrange, dissolve, and precipitate ; during the cooling stage,
programmed cooling is implemented, starting fast and then slowing down, combined with a rotating
pallet in the furnace and independent heating in multiple zones to completely eliminate thermal gradients.
High-end production lines even introduce in-situ X-ray imaging to monitor the consistency of sintering

shrinkage, and parameters are adjusted immediately upon detecting any abnormalities.
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Subsequent heat treatment and grinding can also remedy existing segregation. Low-temperature long-
time vacuum annealing can promote the diffusion and homogenization of residual binder phase, while
ultrasonic vibration-assisted grinding can improve overall uniformity by removing a small amount of
segregated surface layer. However, the most fundamental thing is still the extreme stability of the
preceding processes. Only when the uniformity of the three major stages of mixing, forming, and
sintering is pushed to the limit can there be no need for "locking the stable door after the horse has bolted"

in the subsequent stages.

Through a systematic engineering approach encompassing raw material composite granulation, molding
pressure mapping, sintering segmented thermal control, cooling gradient optimization, and end-to-end
non-destructive density tracking, leading companies in the industry have controlled the internal density
deviation of tungsten alloy spheres to an almost undetectable level. This enables them to achieve true
uniformity across thousands of spheres in the most demanding applications, such as medical collimators,
precision flywheels, and nuclear shielding filling. Density inhomogeneity and segregation, once
considered "process curses," have been transformed into preventable, measurable, and controllable
routine indicators, providing the core intrinsic quality assurance for tungsten alloy spheres to gain

absolute trust in the highest-end applications .

6.4 Improvement of Porosity and Looseness Defects on the Surface of Tungsten Alloy Spheres

Surface porosity and looseness are the most stubborn obstacles in the densification process of tungsten
alloy balls. They not only damage surface smoothness and corrosion resistance, but also become crack
sources and weaknesses in strength during subsequent grinding and polishing stages, even directly
leading to the scrapping of entire batches of high-end medical collimator balls or precision bearing balls.
The formation mechanism is essentially due to the incomplete escape of gas or insufficient liquid phase
filling during sintering. Only through systematic improvements to the entire chain from raw materials,
forming, sintering to cooling can the incidence of these defects be reduced to near zero, allowing tungsten

alloy balls to truly achieve a unity of theoretical density and perfect microstructure.

The root causes of porosity and looseness can be traced back to the raw material stage. Oxygen and water
vapor adsorbed on the surface of tungsten powder and binder powder, as well as air introduced during
mixing, if not completely removed, will precipitate as gas during high-temperature sintering. However,
due to insufficient liquid phase viscosity or insufficient compaction, these gases are trapped internally,
ultimately forming surface or near-surface pores after cooling. Low-density areas or pressing cracks in
the forming stage provide space for gas retention. During sintering, the liquid phase filling in these areas
is delayed, resulting in uneven shrinkage and the formation of loose zones. Uncontrolled sintering
process parameters are a key factor in defect amplification: excessively rapid heating prevents volatile
impurities from escaping, insufficient heat preservation leads to inadequate rearrangement of tungsten
particles, and improper cooling rates cause the binder phase to solidify and shrink, pulling on the tungsten

framework and creating internal voids that extend to the surface.

Improvement strategies must prioritize prevention and address the root causes. Firstly, in the raw material
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pretreatment stage, a combination of vacuum degassing and hydrogen reduction should be strengthened
to reduce the oxygen content of the powder to a minimum. Mixing should be conducted under vacuum
or inert atmosphere to avoid secondary air pollution. During molding, cold isostatic pressing should be
prioritized with extended holding time to ensure the initial density of the green body is as high as possible
and uniform, free of crack sources. In the sintering stage, a refined thermal process of "low-speed heating,
multi-stage degassing, and precise liquid phase control" should be implemented: multiple low-
temperature holding platforms should be set up in the initial heating stage to allow adsorbed gases and
volatiles to slowly escape; after the liquid phase appears, the holding time should be extended and the
furnace should be slightly vibrated to promote gas rise and exhaust; in the cooling stage, extremely slow
controlled cooling should be used to avoid negative pressure pulling on internal pores when the liquid

phase solidifies.

For billets with existing porosity and looseness, secondary hot isostatic pressing is currently the most
effective remedy. The defective billet is placed in a high-temperature, high-pressure argon environment.
The pressure difference between the external pressure and the internal residual gas drives the pores to
close, while the high temperature promotes the reflow of the binder phase to fill the loose areas, achieving
self-healing of defects. High-end production lines even directly transfer the billet to a hot isostatic
pressing furnace after vacuum sintering, achieving a dual-process in one furmace and completely

eliminating the risk of oxidation during intermediate exposure.

The subsequent grinding and polishing stages also require targeted optimization. For surface porosity,
diamond micron powder combined with ultrasonic-assisted grinding can remove defects while avoiding
the introduction of new cracks; for near-surface porosity, the removal is carried out in stages by
controlling the amount of material removed, first coarse grinding to expose the defect layer, and then
fine grinding and polishing to repair the surface integrity. Finally, all spheres must undergo full inspection
by high-resolution industrial CT or ultrasonic microscopy, and any sphere with excessive residual

porosity is directly rejected or remelted .

Through a systematic engineering approach encompassing extreme raw material purification, highly
uniform molding, precise thermal control during sintering, secondary hot isostatic pressing for
remediation, and a closed-loop non-destructive testing system, industry leaders have reduced surface
porosity and looseness defects to virtually undetectable levels, achieving a truly "flawless" internal
quality for tungsten alloy spheres. This zero-tolerance pursuit of defects not only significantly improves
product qualification rates and customer satisfaction but also secures an irreplaceable position for
tungsten alloy spheres in fields with stringent requirements for internal integrity, such as medical
collimators, precision bearings, and high-end counterweights. It ensures that every tungsten alloy sphere
leaving the factory is a microscopically perfect crystal, and it also embodies the relentless pursuit of the

"zero-defect" ideal in materials science.

6.5 Tungsten Alloy Sphericity and Roundness Correction Techniques

Out-of-tolerance sphericity and roundness are the most fatal defects in the geometric precision of
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tungsten alloy balls. They can directly lead to poor rolling, increased vibration, assembly jamming, and
even functional failure. This is especially true in applications where near-perfect spherical geometry is
required, such as medical collimator focusing holes, precision bearing balls, and high-end watch rotors .
Even the slightest deviation is intolerable. The root causes of these out-of-tolerance issues often lie in
the cumulative effects of multiple factors, including uneven forming, uncontrolled sintering shrinkage,
imbalanced grinding parameters, and improper thermal stress release. Only by establishing a complete
chain of calibration technology, from prevention to compensation to final inspection, can sphericity and
roundness be stably controlled at the highest precision level, making tungsten alloy balls truly

synonymous with "perfect spheres."

Uneven pressure during the molding stage is the primary culprit for sphericity defects. During cold
pressing, if the punches are not synchronized or the mold sidewalls experience excessive friction,
localized high-density and low-density areas will appear in the blank. During sintering shrinkage, these
areas shrink at different rates, ultimately evolving into elliptical or polyhedral shapes. Although isostatic
pressing has isotropic pressure , aging of the rubber mold or poor venting can still produce micro-
wrinkles or density gradients. The key to prevention lies in the meticulous maintenance and process
optimization of the molding equipment: cold presses are equipped with multi-point synchronous sensors
for real-time correction; isostatic pressing sleeves use highly elastic new materials and undergo strict
vacuum venting; simultaneously, after pressing, the entire surface of the blank is laser-scanned to
establish a density-geometric mapping model; any abnormal shapes are immediately reworked,

eliminating the potential for defects at the source.

Uncontrolled sintering shrinkage is the biggest amplifier of roundness deviations. Inhomogeneous flow
of the binder phase and rearrangement of tungsten particles during liquid-phase sintering lead to
differences in shrinkage rates across different parts of the sphere. During cooling, thermal stress further
stretches the surface, forming tiny flattened or protruding areas. Correction techniques at this stage are
manifested in precise thermal process design: multi-segment slow-speed heating curves ensure uniform
melting of the binder phase; holding time is precisely matched to the optimal rearrangement window,
combined with slight vibration or rotating trays within the furnace to promote symmetrical particle
movement; and programmed controlled cooling, starting fast and then slowing down, avoids localized
overcooling that generates tensile stress. High-end production lines introduce in-situ optical monitoring
systems to capture real-time changes in the sphere's contour during the high-temperature sintering stage.
Once asymmetric shrinkage is detected, the furnace power distribution is immediately adjusted to achieve
closed-loop adaptive sintering, ensuring the billet exits the furnace nearly spherical. The grinding and
polishing stage is the final battleground for correcting sphericity and roundness deviations. Traditional
batch grinding easily produces random flattening or multi-faceted shapes due to the impact between
spheres. Modern precision correction technology has shifted entirely to a combination of "single-sphere
precision control" and "graded compensation." After rough and medium grinding, the spheres undergo
high-precision automatic sorting, entering different compensation channels according to their actual
roundness deviations. In the fine grinding stage, magnetorheological polishing or ion beam finishing
equipment is used. The spheres are vacuum-adsorbed at individual workstations, and the polishing

medium flexibly wraps around the sphere surface, achieving true isotropic removal and completely
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eliminating local over- or under-grinding. Ultrasonic assistance and real-time feedback from online laser

measurement ensure that the removal amount of each sphere is accurate to the sub-micron level.

For finished spheres that have exceeded tolerances, the industry has developed a variety of remedial
correction techniques: chemical mechanical polishing combined with selective etching can specifically
remove protruding areas; hot isostatic pressing followed by secondary fine grinding can close internal
micropores while rounding the shape; the most advanced laser remelting surface treatment can even
repair tiny flattened areas by local melting and resolidification without changing the overall dimensions.
All corrected spheres must be verified by a multi-station roundness meter and a coordinate measuring
machine . The sphericity and roundness data are entered into the database in real time and linked to the

forming and sintering records to form a complete process closed loop.

Through the aforementioned systematic calibration technology that prioritizes prevention, supplements
with compensation, and establishes a closed-loop detection system, the sphericity and roundness of
tungsten alloy spheres have evolved from an early bottleneck that was difficult to control to now being
consistently achieved at the highest precision. This ensures that every sphere leaving the factory is
infinitely close to a mathematically perfect sphere, not only meeting the most demanding rolling and
assembly requirements but also providing the most reliable geometric guarantee for sharp focusing in
medical imaging, extreme stability in precision instruments, and reliable operation of high-end
equipment. The pursuit of ultimate sphericity and roundness has long been the highest expression of
tungsten alloy sphere manufacturing technology, solidifying its unshakeable position in the field of

precision manufacturing.

6.6 Methods for controlling the hardness of tungsten alloy balls that is too low or too high

Excessive or insufficient hardness is the most typical and precisely controllable quality issue in the
fluctuation of mechanical properties of tungsten alloy balls. The former leads to insufficient wear
resistance and premature failure, while the latter may cause brittle cracking or processing difficulties.
Hardness control is not a post-hoc remedy, but a systematic project that runs through the entire process
of composition design, sintering process, heat treatment and grinding. Only by mastering its inherent
laws and implementing multi-dimensional synergistic intervention can the hardness be stably locked

within the target range, achieving optimal performance balance and high consistency between batches.

The root cause of low hardness is usually insufficient bonding of the tungsten particle skeleton or an
overly soft binder phase. Low tungsten content, insufficient sintering temperature, or too short holding
time will all lead to insufficient neck growth of the tungsten particles, resulting in weak interparticle
bonding and a macroscopic decrease in overall hardness. An excessively high proportion of binder phase
or the use of a copper-based system with excessive ductility will also dilute the hardness contribution of
tungsten, causing the spheres to wear rapidly under friction or impact. The lack of trace additives is also
a hidden killer; without reinforcing elements such as cobalt and molybdenum , the binder phase cannot

effectively solidify and strengthen, naturally resulting in lower hardness.
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The first step in controlling low hardness is to optimize the composition. Appropriately increasing the
tungsten content or introducing refractory elements such as cobalt, molybdenum, and rhenium can
significantly strengthen the interface between tungsten particles and the binder phase, while also
increasing the strength of the binder phase itself. Extending the high-temperature holding time or using
staged heating during the sintering stage promotes the complete dissolution and re- precipitation of
tungsten particles , forming larger and more rounded connecting necks. Vacuum or hydrogen secondary
sintering can further remove residual oxygen inclusions, purify the interface, and improve bonding
strength. Heat treatment is the last resort for spheres with low hardness. Low-temperature long-time
annealing can promote the diffusion of the binder phase towards the tungsten particles, forming a
transitional strengthening layer; aging treatment under a controlled atmosphere can precipitate fine
dispersed phases, further increasing the overall hardness. Using harder diamond abrasives and higher
pressure during the grinding stage can also form a work-hardened layer on the surface, effectively

compensating for insufficient hardness of the bulk material.

The excessive hardness is often related to over-strengthening or stress accumulation. Excessive tungsten
content, excessively high sintering temperature, or excessively rapid cooling can lead to abnormal growth
of tungsten particles and the appearance of a depleted binder phase zone , resulting in a surge in
macroscopic hardness and a sharp increase in brittleness. Excessive trace additives or improper heat

treatment can also form too many brittle phases, making the spheres prone to breakage under impact.

The key to reducing excessive hardness lies in "softening" and "relaxation." At the compositional level,
the proportion of the binder phase can be appropriately increased, or a nickel-copper system with better
ductility can be selected to dilute the hardening contribution of tungsten. During sintering, the peak
temperature should be lowered, or the liquid phase holding time extended followed by slow cooling, to
maintain the tungsten particles at a suitable size and avoid excessive internal stress. In the heat treatment
stage, high-temperature vacuum annealing or multiple cyclic annealing should be used to promote
residual stress release and homogenization of the binder phase, while inhibiting the precipitation of brittle
phases. During grinding and polishing, the amount of material removed and the pressure reduced should

be minimized to avoid the formation of an over-hardened surface layer.

For finished spheres with already excessively high hardness, surface chemical softening or ion
implantation modification are effective methods. The former selectively dissolves the protruding
tungsten particles on the surface by controlling the composition of the etching solution, while the latter
adjusts the surface crystal structure by injecting inert elements to achieve a gradual hardness gradient.
After all control measures are completed, multi-point Vickers hardness mapping and impact toughness
verification must be performed to ensure that the hardness returns to the target range and there is no risk

of brittleness.

The precise control of hardness, whether too low or too high, demonstrates the sophistication and
flexibility of tungsten alloy ball manufacturing. It's not simply about "hardening" or "reducing" hardness,
but rather about finding the optimal balance point across multiple dimensions of hardness, toughness,

and wear resistance through a systematic synergy of composition, process, and treatment. This
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controllability allows tungsten alloy balls to simultancously meet multiple requirements, such as the
extreme wear resistance of vibrating screens, the surface scratch resistance of medical collimators, the
fatigue resistance of precision bearings, and the deformation resistance of high-end counterweights. It
also enables efficient switching between products of different hardness levels on the same production
line, greatly improving production flexibility and market responsiveness. It is not only the terminator of
quality issues but also a powerful engine for achieving customized performance and diverse functions in

tungsten alloy balls .

6.7 Investigation and Improvement of Internal Inclusion Defects in Tungsten Alloy Spheres

Analysis of the causes of inclusion defects inside tungsten alloy spheres

inside tungsten alloy spheres is a complex process involving multiple factors, including raw materials,
production processes, and environmental conditions. First, the purity and quality of the raw materials are
fundamental to the performance of the final product. If tungsten powder or other alloying elements
contain trace impurities, or are contaminated during storage and transportation, these foreign substances
may embed into the matrix during subsequent processing, forming inclusions. For example, non-metallic
impurities such as oxides or silicates may remain due to chemical reactions during the smelting process;
while metallic impurities may originate from equipment wear or cross-contamination. Furthermore,
uneven particle size distribution or agglomeration of the powder can exacerbate local component

segregation, creating a breeding ground for defects.

Secondly, improper parameter control in the production process is another important factor leading to
inclusion defects. During the mixing and pressing stages, if the powder is not mixed sufficiently and
uniformly, or if the pressing pressure and speed are mismatched, local density differences may occur,
forming microscopic voids or areas of foreign matter accumulation. During the sintering stage, the
control of temperature, time, and atmosphere is particularly critical. Excessively high sintering
temperatures may cause element volatilization or abnormal phase transformations, while excessively low
temperatures may not completely eliminate porosity. Simultaneously, trace amounts of oxygen or
moisture in the protective atmosphere may react with alloying elements to form oxide inclusions.
Furthermore, uneven cooling rates can also induce internal stress, promoting the accumulation of

impurities at grain boundaries.

Environmental factors are equally important. If the cleanliness of the production site does not meet
standards, dust, oil, or other suspended particles in the air may adhere to the surface of raw materials or
semi-finished products and eventually be trapped inside the product . Inadequate equipment maintenance,
such as mold wear or lubricant residue, can also introduce external impurities. More specifically, human
negligence, such as failure to strictly adhere to process specifications or cleaning procedures, may
indirectly lead to the accumulation of contaminants. In conclusion, the causes ofinclusion defects include
both the inherent characteristics of the materials themselves and external influences from the process and

environment; a systematic analysis is necessary to accurately pinpoint the source of the problem.
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Methods and techniques for detecting inclusion defects

For the detection of inclusion defects inside tungsten alloy spheres , modern industry has developed
various non-destructive and destructive technologies, each with its own applicable scenarios and
limitations. Non-destructive testing, with its high efficiency and non-destructive characteristics, has
become the mainstream method, among which ultrasonic testing and radiographic testing are particularly
widely used. Ultrasonic testing utilizes the propagation characteristics of high-frequency sound waves in
materials. When sound waves encounter interfaces such as inclusions, they are reflected or scattered, and
the size and location of defects can be located by analyzing the echo signals. This method is sensitive to
microscopic pores and foreign object embedding and can achieve automated scanning, but it is necessary
to ensure good coupling between the probe and the sphere surface to avoid false judgments. Radiographic
testing, on the other hand, is based on the differences in absorption of X-rays or gamma rays by different
materials to generate two-dimensional or three-dimensional images of the internal structure, which can
intuitively display the morphology and distribution of inclusions. However, this method requires high
equipment precision and may be affected by sample thickness and density, requiring algorithm

optimization to improve resolution.

Besides the methods mentioned above, eddy current testing and magnetic particle testing are also
commonly used to detect surface or near-surface defects. Eddy current testing relies on the principle of
electromagnetic induction and is sensitive to discontinuities in conductive materials, making it suitable
for rapid screening. Magnetic particle testing reveals defects in ferromagnetic materials through magnetic
field distribution, but it is limited to specific alloy compositions. Furthermore, emerging technologies
such as computed tomography (CT) enable high-precision three-dimensional reconstruction, providing
a three-dimensional view of the spatial structure of inclusions and supporting data for quantitative
analysis. Nevertheless, its cost is high and its testing speed is slow, limiting its use to laboratory work or

random sampling of critical components.

While destructive testing damages samples, it provides more in-depth microscopic information.
Metallographic analysis prepares samples through cutting, polishing, and etching, allowing microscopic
observation of the morphology, composition, and bonding state of inclusions with the matrix, helping to
trace the origin of defects. Scanning electron microscopy combined with energy dispersive spectroscopy
can further determine the elemental composition of inclusions, distinguishing between endogenous and
exogenous sources. Simultaneously, mechanical property tests such as hardness or tensile tests can
indirectly assess the impact of defects on overall performance, providing a basis for process improvement.
In summary, the selection of testing methods requires a balance between efficiency, accuracy, and cost,
and the development of a multi-level screening strategy based on actual production conditions to ensure

the comprehensiveness and reliability of defect identification.

Production process improvement measures

To effectively reduce inclusion defects within tungsten alloy spheres , meticulous control and

technological innovation are necessary at every stage of the production process. Firstly, in the raw
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material processing stage, powder quality must be strictly controlled, using high-purity tungsten powder
and alloying elements, and particle size distribution should be eliminated through sieving and airflow
classification. Introducing pretreatment processes, such as vacuum degassing or chemical purification,
can further reduce impurity content. Simultaneously, storage and transportation environments must be
kept dry and clean to avoid cross-contamination; using sealed containers and automated conveying

systems can minimize the risks associated with human intervention.

Optimization of the mixing and pressing processes is crucial. Employing high-energy ball milling or
mechanical alloying techniques promotes uniform powder mixing and breaks down potential
agglomerates. During pressing, optimal pressure and holding time are determined through simulation
analysis to ensure consistent green compact density. Using isostatic pressing instead of unidirectional
pressing effectively reduces density gradients and edge defects. Die design must also consider
rheological properties to prevent microcracks from forming in stress concentration areas. Furthermore,
introducing an online monitoring system provides real-time feedback of pressure and displacement data,

facilitating timely parameter adjustments and preventing batch-related problems.

As a core step, sintering improvement focuses on temperature profile and atmosphere control. A
segmented sintering strategy is employed, first using a low temperature to remove the binder, then
gradually increasing to the peak temperature to allow for full diffusion of alloying elements without
excessive volatilization. The sintering atmosphere should be high-purity hydrogen or a vacuum
environment, with gas purification devices installed to remove trace amounts of oxygen and water vapor.
During the cooling stage, controlled cooling, such as gradient cooling or inert gas protection, is necessary
to prevent thermal stress-induced secondary inclusions. Post-processing techniques such as hot isostatic
pressing (HIP) further close residual porosity and improve densification; while surface polishing and
cleaning remove adhering contaminants, ensuring the final product is free of external embeddings.
Through these comprehensive measures, not only can the defect rate be significantly reduced, but product

consistency and service performance can also be enhanced.

Improvement of the quality management system

Establishing a comprehensive quality management system is a long-term mechanism for preventing and
controlling internal inclusion defects in tungsten alloy spheres. This system should cover the entire
lifecycle from design to delivery, emphasizing the principles of prevention first and continuous
improvement. Firstly, during the design and development phase, quality objectives and risk points must
be clearly defined. Potential defect sources should be identified through Failure Mode and Effects
Analysis (FMEA), and corresponding control plans should be developed. For example, strict entry
standards and regular audits should be established for raw material suppliers to ensure that the powders
they provide meet the requirements for chemical composition and physical properties. Simultaneously,
Statistical Process Control (SPC) methods should be introduced to monitor key process parameters such

as sintering temperature and pressure in real time, promptly identifying and correcting abnormal trends.

control during the production process relies on standardized operating procedures (SOPs) and automation
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technology. Operators should receive systematic training and master equipment operation and cleaning
procedures to minimize human error. Inspection points should be set up at each process stage, using a
combination of sampling and full inspection to ensure that semi-finished products meet quality standards.
Inspection data should be collected and analyzed using an information system to generate quality reports
and trace the source of defects. For example, if an abnormal inclusion rate is found in a batch of products,

data backtracking can pinpoint the specific equipment or shift, allowing for targeted improvements.

Furthermore, a continuous improvement mechanism is the core of a quality management system. Regular
internal audits and management reviews should be conducted to assess the effectiveness of the system
and to update standards based on industry best practices. Customer feedback and market complaints
should also be included in the analysis, using root cause analysis (RCA) to identify systemic problems
and drive technological innovation. Collaboration and exchange are equally important; sharing
experiences with research institutions or industry associations can accelerate the application of new
methods. Ultimately, by integrating quality management into the corporate culture and cultivating a zero-
defect mentality in every employee, the reliability and competitiveness of products can be fundamentally

improved.

6.8 Treatment of chipping and spalling during the grinding and polishing stage of tungsten alloy
balls

The nature and impact of edge chipping and spalling during the grinding and polishing stage

In the precision machining of tungsten alloy spheres, grinding and polishing, as the final critical process,
directly determines the surface integrity and performance of the product. Chipping and spalling are
essentially brittle fracture behaviors of the material under mechanical stress, mainly manifested as
material peeling and loss from the edges or localized areas of the sphere's surface. This defect not only
affects the product's appearance but also severely impairs its functional properties. From a microscopic
perspective, chipping and spalling are the result of stress concentration within the material combined
with external loads. When the local stress exceeds the material's fracture strength, micro-cracks

propagate and penetrate, ultimately leading to macroscopic material failure.

These defects have multifaceted impacts on product performance. First, chipping and spalling
compromise the geometric accuracy and dimensional consistency of the sphere, leading to uneven fit
clearances and deviations in motion trajectories during precision assembly. Second, defective areas
become stress concentration points, accelerating the initiation and propagation of fatigue cracks under
cyclic loading, significantly reducing product lifespan. Furthermore, in high-speed motion scenarios,
surface discontinuities may generate vibrations and noise, affecting the overall system's operational
stability. From a broader perspective, chipping and spalling also increase subsequent repair costs, waste

raw materials and energy, and negatively impact production efficiency and sustainable development.

It is worth noting that tungsten alloys, as high-density and high-hardness materials, exhibit a more

pronounced tendency towards brittle fracture during processing. This necessitates a deep understanding
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of the material's mechanical behavior and damage mechanisms during grinding and polishing to grasp
the core of the problem. Furthermore, edge chipping and spalling are often not isolated phenomena; they
may be closely related to potential defects left over from previous processes, such as internal porosity
caused by insufficient sintering or residual stress resulting from improper heat treatment. Therefore,
solving this problem requires a systematic approach, considering the grinding and polishing process

within the entire manufacturing chain .

Analysis of the root causes of edge chipping and spalling defects

chipping and spalling defects stems from the complex interaction of multiple factors, requiring in-depth
analysis from multiple dimensions such as material properties, process parameters, and equipment status.
The inherent properties of the material itself are the fundamental factors determining its resistance to
chipping. The microstructure of tungsten alloys, including grain size, phase distribution, and interfacial
bonding strength, directly affects their fracture toughness. When grains are coarse or compositional
segregation exists, grain boundaries easily become the starting point for crack initiation. Simultaneously,
the residual stress state within the material is crucial. If improper pre-treatment leads to excessive surface
tensile stress, the superposition of external load and internal stress during grinding and polishing can

easily trigger brittle fracture.

Improper process parameter settings are a direct cause of defects. Grinding pressure is one of the most
critical factors; excessive pressure causes individual abrasive grains to penetrate too deeply, resulting in
significant plastic deformation and crack propagation; while insufficient pressure may cause the abrasive
grains to slide on the surface instead of cutting, generating additional thermal stress and surface damage.
The grinding speed also requires precise control. The centrifugal force generated by high-speed rotation
may exacerbate edge breakage in brittle materials, while too low a speed will affect processing efficiency
and surface uniformity. Cooling and lubrication conditions have a significant impact on defect formation.
Insufficient cooling can lead to excessively high local temperatures, altering the material's mechanical
properties, while inadequate lubrication increases the coefficient of friction between the abrasive grains

and the workpiece, exacerbating stress concentration.

Equipment and grinding wheel factors are equally important. The flatness and dynamic balance accuracy
of the grinding disc directly affect the uniformity of stress distribution; even the slightest vibration will
generate impact loads on the surface of the sphere. The characteristics of the grinding wheel, including
the type of abrasive, grit size, bond strength, and pore structure, determine the intensity of the cutting
process. Grinding wheels that are too hard or too soft can cause problems: overly hard grinding wheels
lack the necessary elastic cushioning, easily causing edge impacts; overly soft grinding wheels may lose
their cutting ability due to premature abrasive grain shedding, leading to process instability. In addition,
clamping stress caused by unreasonable fixture design , and hard particles introduced by insufficient

environmental cleanliness, can all be contributing factors to edge chipping and spalling .

At a deeper level, these problems are often related to systemic deficiencies in process control. A lack of

in-depth understanding of material removal mechanisms leads to parameter selection remaining at the
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empirical level; the absence of process monitoring methods prevents problems from being detected and
corrected in a timely manner; insufficient coordination between processes, such as ineffective treatment
of surface damage or edge burrs left from previous processes, exacerbates the risk of edge chipping
during subsequent polishing. Therefore, solving the problems of edge chipping and spalling must be
based on a comprehensive understanding of the intrinsic relationships between various factors and the

adoption of systematic improvement strategies.

Optimization and control strategies for grinding and polishing process parameters

To address the chipping and spalling issues during the grinding and polishing of tungsten alloy balls , the
optimization of process parameters needs to be based on scientific analysis and systematic
experimentation. Firstly, the control of grinding pressure should follow a gradual principle, achieving
smooth material removal through multi-stage pressure settings. The initial stage uses lower pressure for
rough grinding, focusing on eliminating macroscopic inhomogeneities left by previous processes; the
intermediate stage gradually increases pressure to achieve effective material removal and shape
correction; the final stage uses fine pressure to complete surface finishing. This staged strategy avoids
sudden stress changes and reduces impact loads on edge areas. Simultaneously, pressure regulation
requires an advanced servo control system to achieve real-time feedback and adaptive adjustment,

ensuring the stability of the processing.

Optimizing grinding speed requires considering the balance between centrifugal force and cutting heat.
Employing variable-speed machining strategies can effectively control heat accumulation and
mechanical shock; for example, reducing the rotational speed in edge-sensitive areas while maintaining
high efficiency in planar areas. The matching relationship between speed and pressure is particularly
important, requiring the establishment of parameter windows through systematic process experiments to
ensure the finding of the optimal balance between material removal rate and surface quality. Modemn
CNC systems allow for the programming of complex motion trajectories and speed curves, providing a

technological foundation for optimizing machining dynamics.

Improving the cooling and lubrication system is crucial to preventing edge chipping. It's essential not
only to ensure sufficient flow and pressure but also to pay attention to the permeability and heat exchange
efficiency of the cooling medium. Using a specialized cutting fluid instead of ordinary coolant can
significantly improve lubrication conditions and reduce the coefficient of friction between the abrasive
grains and the workpiece. The position and angle of the coolant nozzles need careful design to ensure the
formation of a stable fluid film at the contact point between the abrasive grains and the workpiece.
Furthermore, coolant temperature control is paramount; maintaining a stable medium temperature
through a thermostat system prevents dimensional fluctuations and stress changes caused by thermal
expansion and contraction. The establishment of process monitoring and feedback mechanisms is crucial
for achieving precise parameter control. Online monitoring systems can collect signals such as vibration,
temperature, and acoustic emission in real time, identifying process anomalies through feature analysis.
For example, when an increase in a specific frequency vibration component is detected, the system can

automatically adjust the rotational speed or pressure to prevent defects. Visual inspection devices are
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used to monitor the edge condition of spheres, promptly detecting initial signs of edge chipping. The
correlation analysis between this monitoring data and process parameters provides a scientific basis for
continuous optimization. By establishing a process parameter database and expert system, experiential
knowledge can be transformed into reusable digital assets, enhancing the overall intelligence level of the

production system.

Application Research of Advanced Grinding and Polishing Technology and Equipment

With the continuous development of manufacturing technology, a series of advanced grinding and
polishing technologies have emerged, providing new solutions to the problems of edge chipping and
spalling of tungsten alloy spheres . Magnetorheological polishing technology achieves flexible material
removal by adjusting the viscosity of the rheotype through the control of the magnetic field strength. The
advantage of this method lies in the soft contact between the tool and the workpiece, resulting in uniform
stress distribution, making it particularly suitable for precision machining of edge-sensitive areas.
Computer-controlled magnetic field distribution allows for precise control of material removal in
different areas, effectively avoiding the impact risks associated with traditional rigid abrasives.
Furthermore, this technology has good adaptability, automatically adjusting the polishing force direction

according to the curvature of the sphere to ensure a consistent finish across the entire surface.

Chemical mechanical polishing (CMP), a hybrid processing technique, combines the synergistic effects
of chemical etching and mechanical grinding. In the machining of tungsten alloy balls , by selecting
appropriate oxidants and complexing agents, an easily removable softened layer can be formed on the
ball surface, followed by material removal through slight mechanical action. This method significantly
reduces the mechanical stress required for processing, fundamentally minimizing the risk of edge
chipping and spalling . The key technologies lie in the precise ratio of chemical reagents to abrasive
grains, and the matching and control of reaction and removal rates. Online pH and potential monitoring

allows for real-time adjustment of the chemical environment, maintaining process stability.

Ultrasonic-assisted grinding technology introduces high-frequency vibrations into the traditional
machining process, reducing the effective grinding force through the axial vibration ofthe grinding wheel.
The introduction of ultrasonic vibration alters the interaction between the abrasive grains and the
workpiece, transforming continuous cutting into pulsed removal. This not only reduces the average
cutting force but also promotes timely chip removal. For difficult-to-machine materials such as tungsten
alloys , ultrasonic assistance can effectively suppress crack propagation and improve the integrity of the
machined surface. The core of the equipment system lies in the design of the ultrasonic generator and the
tool head, requiring precise control of the vibration frequency and amplitude, as well as good matching

with the main motion.

In terms of equipment, modern grinding and polishing equipment is developing towards intelligence and
integration. Multi-axis linkage CNC systems can realize complex motion trajectory planning, avoiding
local stress concentration caused by repeated grinding in a single direction. The application of active

balancing technology effectively suppresses unbalanced vibration of rotating parts, providing a stable
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dynamic environment for precision machining. Innovative designs of fixture systems are also noteworthy;
for example, the use of elastic support or uniform pneumatic clamping significantly reduces the impact
of clamping stress on the edge of the sphere. The comprehensive application of these advanced
technologies and equipment not only solves the specific problems of edge chipping and breakage but

also promotes the overall improvement of machining technology.

Construction of a full-process quality monitoring and defect prevention system

Establishing a comprehensive quality monitoring and prevention system is fundamental to ensuring the
stable quality of tungsten alloy ball grinding and polishing. This system should cover all stages from raw
materials to finished products, forming a closed-loop management system. During the incoming material
inspection stage, special attention should be paid to the quality status of the balls transferred from the
previous process, including surface integrity, edge condition, and the distribution of internal defects.
Automated optical inspection equipment should be used to inspect all balls, establishing individual
quality files to provide a data foundation for subsequent processing. For balls with potential risks
discovered during inspection, such as those with microcracks or uneven edges, isolation treatment or

special process parameters should be adopted.

Real-time monitoring during the machining process is crucial for preventing defects. With the support of
multi-parameter sensing technology, mechanical, thermal, and acoustic signals can be simultaneously
acquired during the grinding and polishing process. Force sensors monitor the interaction forces between
the grinding wheel and the workpiece, temperature sensors track thermal changes in the machining area,
and acoustic emission sensors capture microscopic damage signals within the material. This data is
analyzed in real time using edge computing devices and compared with preset process specifications.
Any abnormal trends are immediately triggered to activate adjustment mechanisms. For example, when
a specific pattern of fluctuation in cutting force is detected, the system can automatically reduce the feed

rate or increase the coolant flow rate to prevent defects from forming.

Establishing a preventative maintenance system is crucial for maintaining equipment stability. Based on
equipment operating data and historical maintenance records, predictive maintenance models are built to
accurately determine the remaining lifespan of critical components and optimal maintenance timing. The
roundness and flatness of grinding discs need to be calibrated regularly to ensure they are within
allowable tolerances. The wear condition of grinding tools is assessed through a combination of online
monitoring and offline analysis to establish a scientific replacement cycle. Simultaneously, monitoring
environmental parameters is also essential, including particulate matter concentration in cleanrooms,
temperature and humidity stability, etc. Although these factors are indirect, they have a significant impact

on processing quality.

Systematic analysis and knowledge management of quality data are the foundation for continuous
improvement. By building a unified quality data platform, integrating inspection results and process
parameters from various stages, and utilizing big data technology to uncover potential patterns, a defect

pattern library is established. Different types of edge chipping and spalling phenomena are correlated
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with possible causes, providing a reference for problem diagnosis. Regular quality review meetings are
held, organizing joint analysis by experts from process, equipment, and quality departments to optimize
process flows from a systemic perspective. Furthermore, mature experiences are solidified into standard
operating procedures, and training ensures all operators are proficient in them, fostering a quality culture
of total participation.

CTIA GROUP LTD Tungsten Alloy Balls
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CTIA GROUPLTD
High-Density Tungsten Alloy Customization Service

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

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

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

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

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

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

Service commitment

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

in 30 years!

Contact us

Email: sales@chinatungsten.com
Tel: +86 592 5129696
Official website: www.tungsten-alloy.com
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Appendix:

Tungsten Alloy Ball Terminology

category Term name Terminology Explanation

Materials grain boundary The structural characteristics of the interface regions between

Science grains with different orientations in polycrystalline materials
have a significant impact on the material's mechanical properties
and corrosion behavior.

Phase The spatial arrangement of different phases in the microstructure

distribution of an alloy directly affects the material's hardness, toughness, and
wear resistance.

Residual stress  Internal stresses remaining due to uneven plastic deformation or
thermal cycling during material processing may cause product
deformation or changes in performance.

fracture A parameter measuring a material's resistance to crack

toughness propagation, reflecting the material's ability to prevent the
unstable propagation of macroscopic cracks under stress.

Manufacturing SIS A forming process that applies uniform pressure to a workpiece

process pressing in all directions using a liquid or gaseous medium helps to obtain
a high-density preform.

sintering The process by which powder or pressed compacts achieve
interparticle bonding through mass migration under high
temperature is a key step in obtaining the final properties.

Hot isostatic Processing methods that treat materials under high temperature

pressing and high pressure can effectively eliminate internal defects and
improve material density.

Tiered pressure A phased pressure control method is employed during the

strategy grinding process to balance processing efficiency and surface
integrity.

SN ielVa Y Edge breakage Localized damage at the edge of a workpiece is usually caused

by mechanical stress exceeding the local strength limit of the

material.
Dropped Material peeling on the surface or edges of a workpiece is often
blocks closely related to intemal defects or stress concentration during
processing.
Stress The phenomenon of significantly increased local stress due to

Concentration  abrupt changes in geometry or the presence of defects is a major

inducing factor for crack initiation.

Microcracks Material cracking observed at the microscopic scale may
propagate into macroscopic cracks during use.
Quality control [ERRIsEIE A comprehensive characterization of the workpiece's surface
integrity morphology, microstructure, and physical and mechanical
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Chinese References

properties reflects the influence of processing technology on
surface quality.

The degree of conformity between the actual geometric
parameters of the workpiece and the ideal design values,
including indicators such as roundness and dimensional
consistency.

Inspection techniques for examining internal and surface defects
in materials without compromising their performance.

The range of process parameters that can stably produce qualified
products reflects the robustness and controllability of the
manufacturing process.

An advanced processing method for precision polishing that
utilizes the principle of rheological property changes of
magnetorheological fluids in a magnetic field.

Planarization technology, which combines the synergistic effects
of chemical etching and mechanical grinding, can achieve
surfaces with extremely low damage.

Composite machining technology that incorporates high-
frequency mechanical vibration into the traditional grinding
process can effectively reduce cutting forces and improve
machining quality.

Intelligent manufacturing methods that automatically adjust
process parameters based on real-time monitoring of the
processing status can significantly improve process stability.
Dynamic detection technology that assesses internal damage
state by collecting elastic wave signals generated during material
stress.

A continuous monitoring method for real-time acquisition and
analysis of process parameters and product quality data during
the production process.

Advanced equipment maintenance strategies based on equipment
operating status data analysis and prediction of failure time.

By using digital means to construct virtual mappings of physical
entities, we can simulate, analyze, and optimize actual production

processes.
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