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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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Zirconium Tungsten Electrode Introduction

1. Overview of Zirconium Tungsten Electrode

Zirconium tungsten electrode is a non-radioactive welding electrode made by doping a small amount
of zirconium oxide (ZrO2) into a high-purity tungsten base. It is specifically optimized for AC TIG
(Tungsten Inert Gas) welding. Its excellent arc stability and outstanding resistance to contamination
make it the preferred choice for welding aluminum, magnesium, and their alloys.

2. Types of Zirconium Tungsten Electrode

Grade Tip Color = ZrO2 Content (wt.%)  Characteristics & Applications
Ideal for low to medium intensity AC
WZ3 Brown 02-04 ) )
welding; cost-effective
Industry-standard grade with excellent overall

WZ38 White 0.7-0.9
performance

3. Standard Sizes & Packaging of Zirconium Tungsten Electrode

Diameter (mm) Length (mm) Regular Coloring Packing:
1.0 150/ 175 Black / Gold / Blue 10 pcs/box
1.6 150/ 175 Black / Gold / Blue  10pcs/box
2.0 150/ 175 Black / Gold / Blue  10pcs/box
2.4 150/ 175 Black / Gold / Blue  10pcs/box
3.2 150/ 175 Black / Gold / Blue  10pcs/box
4.0 150/ 175 Black / Gold / Blue  10pcs/box
Remark The sizes can be customized

4. Applications of Zirconium Tungsten Electrode
Welding of aluminum and aluminum alloys: such as doors, windows, frames, and automotive
body structures
Welding of magnesium and magnesium alloys: widely used in aerospace lightweight
components
AC welding of stainless steel (under specific low-current conditions)
Precision welding in aerospace, rail transit, pressure vessels, etc.

Used in automated welding systems and robotic torch assemblies

5. Procurement Information

Email: sales@chinatungsten.com
Phone: +86 592 5129595; 592 5129696
Website: www.tungsten.com.cn
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Chapter 1 Introduction

1.1 Overview of zirconium tungsten electrodes
Zirconium Tungsten Electrode is a type of tungsten electrode doped with a small amount of zirconia

(Zr0-) as a tungsten matrix) are widely used in tungsten inert gas shielding welding (TIG welding),
plasma cutting, plasma spraying and other industrial scenarios with high temperature and high
current. Zirconium tungsten electrodes have become indispensable materials in the field of welding
and cutting due to their excellent arc stability, ignition performance, and burnout resistance,
especially in alternating current (AC) welding, suitable for the processing of light metals such as
aluminum, magnesium, and their alloys.

The chemical composition of zirconium tungsten electrodes mainly consists of high-purity tungsten
(usually more than 99.5% purity) and a small amount of zirconia (generally 0.15% to 0.8%). The
doping of zirconia significantly improves the performance of tungsten electrodes, allowing them to
maintain stable electron emission capacity and long service life in high-temperature arc
environments. Compared with pure tungsten electrodes, zirconium tungsten electrodes have a lower
electrode burnout rate and higher anti-fouling capabilities, which gives them significant advantages
in scenarios with extremely high welding quality requirements. Compared to other doped electrodes
such as thorium-tungsten, cerium-tungsten, or lanthanum tungsten electrodes, zirconium tungsten
electrodes exhibit better arc concentration and lower risk of electrode tip melting in AC welding,
making them particularly suitable for welding materials that are sensitive to electrode properties,

such as aluminum alloys.

Zirconium tungsten electrodes usually start with "WZ" followed by numbers indicating the zirconia
content, such as WZ3 (with 0.3% zirconia) and WZ8 (with 0.8% zirconia). The performance
differences between these grades are mainly reflected in arc stability, ignition performance, and
service life, depending on the welding current, material type, and process requirements. The
physical properties of zirconium tungsten electrodes include a high melting point (about 3422°C,
close to pure tungsten), good electrical and thermal conductivity, and excellent oxidation and
corrosion resistance. These features allow it to maintain consistent performance under extreme

conditions, making it ideal for high-precision welding and cutting.

The production process of zirconium tungsten electrodes involves multiple steps such as powder
metallurgy, doping, sintering, drawing, and surface treatment. The complexity of the production
process requires high-precision equipment and strict quality control to ensure the chemical
composition uniformity of the electrodes and the stability of the microstructure. In recent years,
with the development of green manufacturing and intelligent production technology, the production
process of zirconium tungsten electrodes has been continuously optimized, and the product quality
and consistency have been significantly improved.

1.2 History and development of zirconium tungsten electrodes
The history of the development and application of zirconium tungsten electrodes can be traced back
to the mid-20th century, when welding technology developed rapidly with the advancement of
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industrialization. Tungsten inert gas shielded welding (TIG welding) gradually matured in the 40s
of the 20th century, and initially mainly used pure tungsten electrodes. However, pure tungsten
electrodes have problems such as arc instability, ignition difficulties, and severe electrode burnout
in AC welding, limiting their application in high-demand scenarios. To solve these problems,
researchers began to explore doping oxides into tungsten substrates to improve their properties.

In the 50s of the 20th century, zirconia was introduced into the manufacture of tungsten electrodes
as an adulterated material. Zirconia has the characteristics of high melting point, high temperature
resistance, and chemical stability, which can effectively improve the electron emission ability and
burnout resistance of tungsten electrodes. Early zirconium tungsten electrodes were mainly used for
experimental applications, and their production process was relatively rough, and the doping
uniformity and electrode quality stability were poor. With the advancement of powder metallurgy
technology and high-temperature sintering technology, the performance of zirconium tungsten
electrodes has been significantly improved in the 60s of the 20th century, and has gradually been
accepted by industry and widely used in the welding of aluminum alloys and magnesium alloys.

In the 70s of the 20th century, the International Organization for Standardization (ISO) and the
American Welding Society (AWS) began to formulate relevant standards for tungsten electrodes,
including the chemical composition, performance requirements and grade classification of
zirconium tungsten electrodes. The introduction of these standards has promoted the standardized
production and global application of zirconium tungsten electrodes. During the same period, the
grade system of zirconium tungsten electrodes was gradually improved, and grades such as WZ3
and WZ8 became the mainstream, and their performance differences were systematically studied
and applied to different welding scenarios.

In the 21st century, with the rapid development of high-tech fields such as aerospace, nuclear
industry, and medical equipment manufacturing, the application scope of zirconium tungsten
electrodes has further expanded. The production of modern zirconium tungsten electrodes has been
highly automated, using advanced doping technology and precision processing equipment to ensure
high electrode consistency and reliability. At the same time, the introduction of green manufacturing
concepts has promoted environmental optimization in the production process, such as reducing

waste emissions and improving raw material utilization.

In recent years, the research and development of zirconium tungsten electrodes has shifted to
performance optimization and multi-functionality. For example, in response to the demand for high-
current AC welding, researchers have developed new zirconium tungsten electrode formulations to
further improve arc concentration and electrode life. In addition, the application of nanotechnology
in the production of zirconium tungsten electrodes has also become a research hotspot, and the
doping of nanoscale zirconia particles can significantly improve the microstructure and performance

of electrodes.

1.3 The importance of zirconium tungsten electrodes in modern industry

Zirconium tungsten electrodes play a crucial role in modern industry, especially in the field of high-
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precision welding and cutting. Its importance is mainly reflected in the following aspects:

Firstly, the application of zirconium tungsten electrode in TIG welding greatly improves welding
quality and efficiency. TIG welding is widely used in aerospace, automobile manufacturing, and
shipbuilding industries due to its high precision, splash-free and wide applicability. Zirconium
tungsten electrodes exhibit excellent arc stability in AC welding, effectively reducing arc drift and
welding defects, and are especially suitable for welding light metals such as aluminum and
magnesium and their alloys. These materials are widely used in the aerospace field (such as aircraft
fuselage, engine components) and the automotive industry (such as aluminum alloy body), and the
stable performance of zirconium tungsten electrodes provides a reliable guarantee for these

industries.

Secondly, the application of zirconium tungsten electrodes in plasma cutting and spraying further
expands their industrial value. Plasma cutting requires the electrode to remain stable in high-
temperature and high-current environments, and the burn-out resistance and long lifespan of
zirconium tungsten electrodes make them ideal choices. In plasma spraying, zirconium tungsten
electrodes provide a stable plasma arc to ensure coating quality and uniformity, which is particularly

important in aero engine blade coatings and wear-resistant material preparation.

In addition, zirconium tungsten electrodes also have important applications in high-tech fields such
as the nuclear industry and medical device manufacturing. In the nuclear industry, zirconium
tungsten electrodes are used to weld key components of nuclear reactors, and their high reliability
and corrosion resistance can meet the requirements of extreme environments. In medical device
manufacturing, zirconium tungsten electrodes are used to produce high-precision components such
as X-ray equipment and surgical instruments, and their excellent performance ensures long-term
stability and safety of the equipment.

The wide application of zirconium tungsten electrodes has also promoted the development of related
industrial chains. For example, the production of zirconium tungsten electrodes has promoted the
development of tungsten ore mining, powder metallurgy equipment manufacturing, and quality
inspection technology. At the same time, its standardized production and international trade promote
collaboration and technical exchanges in the global welding industry.

In the future, with the further development of intelligent manufacturing and green production
technology, the performance and application fields of zirconium tungsten electrodes are expected to
continue to expand. For example, in the field of new energy (such as wind and solar equipment
manufacturing) and 3D printing technology, the potential applications of zirconium tungsten
electrodes are being explored. The requirements for material properties and process precision in
these emerging fields will further highlight the importance of zirconium tungsten electrodes.

In summary, zirconium tungsten electrodes, as a high-performance welding and cutting material,
occupy an important position in modern industry with their excellent arc stability, burnout resistance
and wide applicability. Its continuous technological advancements and application expansion will
continue to drive innovation and development in industrial manufacturing.
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Chapter 2 Basic Concepts of Zirconium Tungsten Electrodes

2.1 Definition of zirconium tungsten electrode

Zirconium tungsten electrode is a non-consumable electrode material doped with a small amount of
zirconia (ZrOz) based on high-purity tungsten, which is mainly used in high-temperature and high-
current industrial applications such as tungsten inert gas shielded welding (TIG welding), plasma
cutting, and plasma spraying. By adding zirconia to the tungsten matrix, zirconium tungsten
electrodes significantly improve the arc stability, ignition performance, and burnout resistance of
the electrodes, making them excellent in alternating current (AC) welding, especially for welding

light metals such as aluminum, magnesium, and their alloys.

According to international standards such as ISO 6848 and AWS AS5.12, zirconium tungsten
electrodes are defined as tungsten alloy electrodes containing a specific proportion of zirconia
(typically 0.15% to 0.8%), with grades starting with "WZ", such as WZ3 (0.3% zirconia) and WZS§
(0.8% zirconia). These electrodes are manufactured using powder metallurgy techniques to
uniformly dope zirconia into a tungsten matrix to optimize their high-temperature performance and
electrical properties. The primary function of zirconium tungsten electrodes is to serve as non-
consumable electrodes in arc welding or cutting, providing a stable arc and maintaining a long

service life while avoiding contamination of the weld.
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Zirconium tungsten electrodes are designed to compensate for the shortcomings of pure tungsten
electrodes in AC welding, such as arc instability and premature burnout of the electrode tip.
Compared to other doped electrodes, such as thorium tungsten or cerium tungsten electrodes,
zirconium tungsten electrodes offer unique advantages in AC welding due to their strong arc
concentration, making them suitable for high-precision welding processes. In addition, zirconium
tungsten electrodes do not contain radioactive elements, making them more environmentally
friendly than thorium tungsten electrodes, meeting the safety and sustainability requirements of
modern industry.

2.2 Chemical composition of zirconium tungsten electrode

The chemical composition of zirconium tungsten electrodes is mainly composed of high-purity
tungsten (W) and doped with a small amount of zirconia (ZrO2) as a performance enhancer. The
purity of tungsten is usually required to be above 99.5% to ensure the stability of the electrode in
high-temperature and high-current environments. The doping ratio of zirconia varies depending on
the electrode grade, typically ranging from 0.15% to 0.8%, such as WZ3 (0.3% ZrO:) and WZ8 (0.8%
ZrO2). In addition to tungsten and zirconia, zirconium tungsten electrodes may contain trace
impurities (such as iron, silicon, carbon, etc.), but the content of these impurities needs to be strictly
controlled within the range specified by international standards (usually less than 0.05%) to avoid
affecting electrode performance.

The addition of zirconia is the key to improving the performance of zirconium tungsten electrodes.
Zirconia is an oxide with a high melting point (about 2715°C) and strong chemical stability, which
can form evenly distributed tiny particles in the tungsten matrix. These particles significantly
improve the arc stability and burnout resistance of the electrode by altering the crystal structure and
electron emission characteristics of tungsten. The doping ratio of zirconia directly affects the
performance of the electrode: lower doping levels (such as WZ3) are suitable for AC welding with
medium currents, while higher doping levels (such as WZ8) are more suitable for high currents and

scenarios with high arc concentration requirements.

The chemical composition of zirconium tungsten electrodes is controlled during production through
precise raw material ratios and doping processes. The commonly used tungsten raw material in
production is high-purity tungsten powder, and zirconia is usually added in the form of high-purity
powder or solution. The doping process needs to ensure the uniform distribution of zirconia particles
in the tungsten matrix and avoid local aggregation or segregation to ensure the consistency of
electrode performance. Modern production techniques may also introduce trace amounts of other
additives, such as rare earth oxides, to further optimize performance, but the use of these additives

must comply with relevant standards and industry requirements.

2.3 Comparison of zirconium tungsten electrode with other tungsten electrodes

As a member of the tungsten electrode family, zirconium tungsten electrodes are significantly
different from other types of tungsten electrodes such as pure tungsten electrodes, thoriated tungsten
electrodes, cerium tungsten electrodes, and lanthanated tungsten electrodes in terms of performance,
uses, and applicable scenarios.
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The following is a comparison of the characteristics of zirconium tungsten electrode and other

tungsten electrodes from multiple dimensions:

Pure Tungsten Electrode (WP)
Pure tungsten electrode is made of more than 99.95% high-purity tungsten without any oxide doping.

Its advantages are high chemical stability, non-radioactivity, and suitable for low-current direct
current (DC) welding. However, pure tungsten electrodes have poor arc stability and weak ignition
performance in AC welding, and the electrode tip is prone to overheating and burnout, resulting in
a short service life. In contrast, zirconium tungsten electrodes significantly improve arc stability and
ignition performance in AC welding through zirconia doping, making them particularly suitable for

welding aluminum and magnesium alloys.

Thorium Tungsten Electrode (WT20)
Thorium tungsten electrode is doped with 1.5% to 2.0% thorium oxide (ThO-), which has excellent
ignition performance and arc stability, and is widely used in DC welding. However, thorium oxide

is slightly radioactive, poses potential health and environmental risks, and is less arc concentrated
than zirconium tungsten electrodes in AC welding. Zirconium tungsten electrodes are non-
radioactive, more environmentally friendly, and exhibit better arc control in AC welding, making

them suitable for high-precision welding.

Cerium Tungsten Electrode (WC20)
The cerium tungsten electrode is doped with approximately 2.0% cerium oxide (CeO:), which has

excellent ignition performance and is suitable for low-current DC and AC welding. Compared with
zirconium tungsten electrodes, cerium-tungsten electrodes have slightly less arc stability in high-
current AC welding and have a slightly shorter electrode life. Zirconium tungsten electrodes have
stronger burnout resistance and arc concentration in AC welding, making them suitable for high-

demand scenarios.

Lanthanum Tungsten Electrode (WL15, WL20)
Lanthanum tungsten electrode is doped with 1.0% to 2.0% lanthanum oxide (La.Os), which has

good ignition performance and long service life, and is suitable for DC and AC welding. Compared
with zirconium tungsten electrodes, lanthanum tungsten electrodes have better performance in DC
welding, but the arc concentration is slightly inferior to that of zirconium tungsten electrodes in AC
welding, especially when welding aluminum alloys, the arc control ability of zirconium tungsten

electrodes is stronger.

In summary, zirconium tungsten electrodes have unique advantages in AC welding, especially when
welding light metals such as aluminum and magnesium. Its non-radioactive and environmentally
friendly characteristics make it gradually replace thorium tungsten electrodes in modern industry
and become the preferred electrode for high-precision welding. However, in DC welding or low-
current scenarios, cerium tungsten or lanthanum tungsten electrodes may be more advantageous.
The selection of electrodes should be comprehensively considered based on the specific process,
current type, and material requirements.
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Zirconium Tungsten Electrode Introduction

1. Overview of Zirconium Tungsten Electrode

Zirconium tungsten electrode is a non-radioactive welding electrode made by doping a small amount
of zirconium oxide (ZrO2) into a high-purity tungsten base. It is specifically optimized for AC TIG
(Tungsten Inert Gas) welding. Its excellent arc stability and outstanding resistance to contamination
make it the preferred choice for welding aluminum, magnesium, and their alloys.

2. Types of Zirconium Tungsten Electrode

Grade Tip Color = ZrO2 Content (wt.%)  Characteristics & Applications
Ideal for low to medium intensity AC
WZ3 Brown 02-04 ) )
welding; cost-effective
Industry-standard grade with excellent overall

WZ38 White 0.7-0.9
performance

3. Standard Sizes & Packaging of Zirconium Tungsten Electrode

Diameter (mm) Length (mm) Regular Coloring Packing:
1.0 150/ 175 Black / Gold / Blue 10 pcs/box
1.6 150/ 175 Black / Gold / Blue  10pcs/box
2.0 150/ 175 Black / Gold / Blue  10pcs/box
2.4 150/ 175 Black / Gold / Blue  10pcs/box
3.2 150/ 175 Black / Gold / Blue  10pcs/box
4.0 150/ 175 Black / Gold / Blue  10pcs/box
Remark The sizes can be customized

4. Applications of Zirconium Tungsten Electrode
Welding of aluminum and aluminum alloys: such as doors, windows, frames, and automotive
body structures
Welding of magnesium and magnesium alloys: widely used in aerospace lightweight
components
AC welding of stainless steel (under specific low-current conditions)
Precision welding in aerospace, rail transit, pressure vessels, etc.

Used in automated welding systems and robotic torch assemblies

5. Procurement Information

Email: sales@chinatungsten.com
Phone: +86 592 5129595; 592 5129696
Website: www.tungsten.com.cn
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2.4 Physical and chemical properties of zirconium tungsten electrodes
The physical and chemical properties of zirconium tungsten electrodes are the basis for their
excellent performance in high temperature and high current environments. The following is a
detailed analysis from four aspects: melting point and thermal stability, electrical and thermal
conductivity, oxidation resistance and corrosion resistance, and mechanical properties.

2.4.1 Melting point and thermal stability

Zirconium tungsten electrodes inherit the high melting point characteristics of tungsten, with a
melting point of about 3422°C (the melting point of pure tungsten), which is one of the highest
among known metal materials. Although the doping of zirconia (melting point of about 2715°C)
slightly reduces the theoretical melting point of the tungsten matrix, the zirconium tungsten
electrode can still maintain structural stability in an arc environment of up to 6000°C in practical
applications. Zirconia particles form a stable dispersed phase in the tungsten matrix, which can
effectively inhibit grain growth and high-temperature deformation, thereby improving the thermal
stability of the electrode.

In TIG welding or plasma cutting, zirconium tungsten electrodes are subjected to high temperatures
(approximately 6000°C to 7000°C) generated by the arc. Its excellent thermal stability allows it to
maintain the tip shape under prolonged high-current operation, reducing burnout and melting.
Compared with pure tungsten electrodes, zirconium tungsten electrodes have better thermal stability
in AC welding, especially in high-frequency switched AC arcs, which can maintain stable electron

emissions.

2.4.2 Electrical and thermal conductivity

Zirconium tungsten electrodes have good electrical and thermal conductivity, which is closely
related to the properties of their tungsten matrix. The conductivity of tungsten is 1.82x107 S/m, and
the thermal conductivity is about 173 W/(m-K) (at room temperature). The doping of zirconia has
little effect on electrical and thermal conductivity, but in high-current AC welding, the conductivity
of zirconium tungsten electrodes ensures stable arc formation and energy transfer.

Thermal conductivity is critical to the electrode's performance. During the welding process, the
electrode tip is subjected to high temperatures, and good thermal conductivity can quickly conduct
heat from the tip to other parts of the electrode, preventing local overheating and burnout. The
thermal conductivity of zirconium tungsten electrodes allows them to maintain low tip temperatures
and extend their service life during high-current AC welding.

2.4.3 Oxidation and corrosion resistance

The oxidation resistance and corrosion resistance of zirconium tungsten electrodes in high-
temperature environments are important advantages. Tungsten itself tends to react with oxygen at
high temperatures to form volatile oxides (such as WOs), resulting in electrode burnout. The doping
of zirconia significantly improves the oxidation resistance of the electrode by forming a stable oxide
layer. Zirconia particles form a protective layer on the surface of the electrode, which slows down
the reaction rate between tungsten and oxygen, so that the zirconium tungsten electrode can still
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maintain a long service life in the oxidizing atmosphere.

In terms of corrosion resistance, zirconium tungsten electrodes exhibit good stability against
chemicals present in common welding environments, such as inert gases, metal vapors. Especially
in aluminum alloy welding, zirconium tungsten electrodes can resist the effects of aluminum oxides

and other contaminants, reducing contamination and performance degradation at the electrode tip.

2.4.4 Mechanical properties (hardness, ductility, etc.)

The mechanical properties of zirconium tungsten electrodes include high hardness, moderate
ductility, and good resistance to breakage. The hardness of tungsten (Vickers hardness of about 350-
400 HV) gives zirconium tungsten electrodes excellent wear resistance and deformation resistance,
allowing them to maintain their structural integrity under high-frequency vibration and mechanical

stress. The doping of zirconia slightly increases the hardness of the electrode while improving its
resistance to brittle fracture.

During the production process, zirconium tungsten electrodes are drawn and heat-treated to achieve
moderate ductility, allowing them to be processed into electrode rods of different diameters (e.g.,
1.0mm to 6.4mm) and lengths. The optimization of ductility ensures that the electrode is not prone
to cracks or breaks during processing and use. Additionally, the fatigue resistance of zirconium

tungsten electrodes allows them to withstand repeated thermal and mechanical stresses in high-
frequency AC arcs, extending their service life.
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Chapter 3 Grades of Zirconium Tungsten Electrodes

3.1 Classification of zirconium tungsten electrode grades

The grade classification of zirconium tungsten electrodes is based on their zirconia (ZrO:) content
and performance characteristics, aiming to provide standardized electrode selection for different
welding and cutting processes. Grade classification not only facilitates identification in production
and application, but also provides users with clear performance guidance. Both international and
domestic markets employ standardized naming conventions to ensure compatibility and consistency

of zirconium tungsten electrodes worldwide.

3.1.1 International commonly used grades (e.g. WZ3, WZS8)

Internationally, zirconium tungsten electrodes usually follow the standards of the International
Organization for Standardization (ISO 6848) and the American Welding Society (AWS A5.12),
starting with "WZ" followed by a number indicating the approximate weight percentage of zirconia
(in 0.1%). The most common international grades include WZ3 and WZ8, which indicate zirconia
content of 0.3% and 0.8%, respectively. These grades are widely used in the global welding industry,
especially in the European and American markets.

WZ3 (0.15%—-0.4% ZrO2): WZ3 is a grade with a lower zirconia content in zirconium tungsten
electrodes and is commonly used for alternating current (AC) welding at medium currents. It is
characterized by good arc stability and excellent ignition performance, making it suitable for
welding light metals such as aluminum, magnesium, and their alloys. The WZ3 electrode has
moderate resistance to burnout, making it suitable for scenarios where electrode life is not too high,
such as small-scale welding operations or low-frequency AC welding.

WZ8 (0.7%—-0.9% ZrO2): WZ8 contains a higher proportion of zirconia and is designed for high-
current AC welding. Its arc concentration is stronger and its resistance to burnout is better than that
of WZ3, making it suitable for scenarios requiring high-precision and high-quality welds, such as
aerospace components and nuclear industry equipment manufacturing. WZ8 electrodes excel in
high-frequency AC arcing, maintaining a stable arc shape and long service life.

In addition to WZ3 and WZS, other non-standard grades may be developed in some countries and
regions according to specific needs, but the scope of use of these grades is narrow, usually limited
to specific industries or customized applications. International standards also specify the color
identification of zirconium tungsten electrodes, WZ3 and WZ8 are usually marked in brown and
white (tip or whole electrode coating) for easy identification in the field.

3.1.2 Domestic brand naming rules

In China, the grade naming of zirconium tungsten electrodes mainly follows national standards
(GB/T standards), such as GB/T 4187-2017 "Tungsten Electrodes". Domestic grade naming is
similar to international standards, usually starting with "WZ" followed by a number indicating
zirconia content, but may also be expanded according to business or industry needs. Common
domestic grades include WZ3 and WZ8, which are consistent with international standards, but some
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companies may use custom names, such as "WZr-3" or "WZr-8", which have the same meaning as
international grades.

Domestic grade naming rules may also be supplemented in combination with the purpose or
performance of electrodes. For example, some companies will add letters or numbers after the grade
to indicate the specific processing process or application scenario of the electrode, such as "WZ8-
H" for high-precision machining of WZ8 electrode. Domestic standards clearly stipulate the
chemical composition, dimensional tolerances, and performance requirements of zirconium

tungsten electrodes, ensuring that they are in line with international standards.

Compared with the international market, domestic brand naming pays more attention to localized
applications, especially in small and medium-sized welding enterprises and non-standard equipment
manufacturing, there may be some non-standardized naming methods. These naming methods are
usually customized by manufacturers according to customer needs, but the overall reference is still
to the GB/T standard to ensure product quality and consistency.

3.2 Differences in zirconium content and performance of each grade

The performance difference of zirconium tungsten electrode is mainly due to the difference in
zirconia content. As a dopant, zirconia significantly affects the arc stability, ignition performance,
burnout resistance and service life of the electrode by changing the microstructure and electron
emission characteristics of the tungsten matrix. The following is a detailed analysis of the
differences in zirconium content and performance between WZ3 and WZ8 grades:

WZ3 (0.15%—-0.4% ZrO-)
WZ3 electrodes have a low zirconia content and are suitable for AC welding at medium currents
(50-150 A). Its main performance characteristics include:

Arc stability: WZ3 provides stable arc in AC welding with less arc drift, making it suitable for
welding thin sheet aluminum or magnesium alloys.

Ignition performance: The low content of zirconia makes WZ3 have low electron escape work when
igniting, and it is easier to start the arc.

Burn Resistance Ability: Compared to pure tungsten electrodes, WZ3 has improved burn resistance
but may experience slight burnout at the electrode tip during high currents or prolonged welding.
Lifespan: The WZ3 has a moderate lifespan, making it suitable for small to medium-sized welding
tasks, but it has a slightly shorter lifespan than the WZ8 in high-current or high-frequency welding.
Microstructure: WZ3 has a sparse distribution of zirconia particles and a large grain size, making it

suitable for medium-intensity welding environments.

WZ8 (0.7%—-0.9% ZrO-)
WZS8 electrodes have a high zirconia content and are designed for high current (150-400 A) AC
welding, with performance characteristics including:

Arc Stability: WZ8's arc concentration is extremely strong and the arc shape is stable, making it
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suitable for high-precision welding, such as TIG welding for aerospace components.
Ignition performance: The high zirconia content further reduces the electron escape work, making
WZ8 have excellent ignition performance in high-frequency AC arcs.
Burn Resistance Capabilities: WZ8's burn resistance is significantly better than WZ3's, maintaining
tip shape in high current and high temperature environments, reducing melting or cracking.
Lifespan: WZS8 has a longer lifespan, making it suitable for long-term, high-intensity welding tasks.
Microstructure: WZ8 has denser zirconia particles, smaller grain size, and a more uniform
microstructure, improving the electrode's high-temperature resistance.

Other grades

In some special applications, non-standard grades may be available, such as zirconium tungsten
electrodes containing 0.5% or 1.0% zirconia. These grades are typically customized products with
performance between WZ3 and WZ8, suitable for specific industry needs, such as high-precision
plasma cutting or special alloy welding.

Increased zirconia content usually improves the arc stability and burnout resistance of the electrode,
but too high doping may lead to increased electrode brittleness or increased processing difficulty.
Therefore, the zirconia content of WZ3 and WZ8 is considered the best balance between

performance and cost, meeting most industrial needs.

3.3 Selection and application scenarios of zirconium tungsten electrode grades

The choice of grade for zirconium tungsten electrodes directly impacts welding quality, efficiency,
and cost. The following analyzes the applicability of WZ3 and WZ8 from the aspects of application
scenarios, welding processes, and material types:

Application scenarios of WZ3

Welding materials: WZ3 is suitable for welding aluminum, magnesium and their alloys, especially
in thin plate welding (such as aluminum alloy plates with a thickness of less than 3mm). Its arc
stability reduces weld defects, making it suitable for scenarios with high surface quality
requirements.

Current range: Suitable for AC welding from 50-150 A, suitable for small and medium-sized
welding equipment, such as manual TIG welders.

Typical applications: household appliance manufacturing, bicycle aluminum alloy frame welding,
ship aluminum structure welding.

Advantages: Lower cost, easy ignition, suitable for small to medium-scale production or low-
frequency welding tasks.

Limitations: In high currents or prolonged welding, the WZ3's resistance to burnout and longevity
may be insufficient.

Application scenarios of WZ8
Welding materials: WZ8 is suitable for welding high-demand aluminum alloys, magnesium alloys,
and stainless steels, especially in thick plate welding (such as thickness greater than Smm) or high-
precision welding.
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Current range: Suitable for high-current AC welding of 150—400 A, suitable for automated welding
equipment or high-frequency AC arcing.
Typical applications: aerospace (e.g., aircraft fuselage, engine components), nuclear industry (e.g.,
reactor components), medical device manufacturing (e.g., X-ray equipment enclosures).
Advantages: Strong arc concentration, high burn resistance and long life, suitable for high-strength
and long-term welding tasks.
Limitations: Higher cost, slightly more difficult to process, may not be suitable for low-current or

low-precision scenarios.

Selection Principles The selection of zirconium tungsten electrode grades should comprehensively
consider the following factors:

Welding current: WZ3 for low current, WZ8 for high current.

Material type: Aluminum and magnesium alloys prefer zirconium tungsten electrodes, and WZ8 is
more suitable for high-precision requirements.

Welding environment: WZS is preferred for high-frequency AC or high-heat input scenarios, and
WZ3 can be selected for ordinary AC welding.

Affordability: WZ3 has a lower cost and is suitable for small and medium-sized businesses; The
WZ8 offers excellent performance and is suitable for high-end applications.

Equipment Compatibility: Ensure that the electrode diameter and length match the welding

equipment, with common diameters of 1.6mm, 2.4mm, 3.2mm, etc.

3.4 Standardization of zirconium tungsten electrode grades and international comparison

Grade standardization of zirconium tungsten electrodes is key to ensuring their consistency and
interchangeability across the globe. International and domestic standards provide unified
specifications for the grades, chemical composition, and performance requirements of zirconium

tungsten electrodes, promoting the global development of the welding industry.

International standards

ISO 6848:2015: This standard specifies the classification and requirements for non-consumable
tungsten electrodes, with zirconium tungsten electrodes classified as the "WZ" series, specifying
the chemical composition, color designation (brown or white) and performance requirements for
WZ3 (0.15%—-0.4% ZrO2) and WZ8 (0.7%—-0.9% ZrO). ISO standards also specify dimensional
tolerances, surface quality, and inspection methods for electrodes.

AWS A5.12/A5.12M:2009: The American Welding Society standard is highly consistent with ISO
standards, and defines in detail the grades, chemical compositions, and application scenarios of
zirconium tungsten electrodes. In the AWS standard, the color identification of WZ3 and WZS8 is
brown and white, respectively, which is in line with international practices.

Other international standards: Europe (EN standard) and Japan (JIS standard) also refer to ISO and
AWS standards, ensuring the global compatibility of zirconium tungsten electrodes.

Domestic standard
GB/T 4187-2017: The Chinese national standard "Tungsten Electrode" specifies in detail the grade,
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chemical composition, performance and testing methods of zirconium tungsten electrodes.
Domestic WZ3 and WZ8 are consistent with international standards, but there may be extended
naming in enterprise standards, such as "WZr-3" or "WZr-8".
Industry Standards: The China Welding Association and the Nonferrous Metals Industry Association
have developed supplementary standards that set additional requirements for zirconium tungsten
electrodes in specific industries (e.g., aerospace, nuclear industry).

International Comparison The comparison relationship between international and domestic grades
is relatively simple, and WZ3 and WZS are defined consistently in ISO, AWS and GB/T standards.
Color identification (brown or white) is uniform worldwide for easy identification on site. Some
countries may have slight differences in the impurity content, surface treatment, or packaging
requirements for electrodes in the standard, but the core performance indicators remain consistent.

Standardization Trend With the advancement of welding technology, the standardization of
zirconium tungsten electrodes is also constantly updated. Future trends include:

Performance Optimization: Develop new grades to suit the welding needs of high currents, high
frequencies, or special materials.

Environmental protection requirements: further reduce the impurity content in the electrode and
promote green manufacturing.

International Coordination: Strengthen the coordination of ISO, AWS, and GB/T standards to
facilitate global trade and application.

Intelligent Testing: Introduce automated testing technology to improve the accuracy and efficiency
of grade certification.
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Chapter 4 Characteristics of Zirconium Tungsten Electrodes

4.1 Arec stability of zirconium tungsten electrodes

Arc stability is one of the core properties of zirconium tungsten electrode in tungsten inert gas
shielded welding (TIG welding) and plasma cutting, which refers to the electrode's ability to
maintain a stable arc shape and avoid arc drift in high-current, high-temperature arc environments.
Zirconium tungsten electrodes excel in arc stability due to their doping of zirconia (ZrO-), especially
in alternating current (AC) welding.

The doping of zirconia reduces the electron escape work function of the tungsten matrix, making it
easier for electrons to be emitted from the electrode surface, resulting in a stable arc. Compared
with pure tungsten electrodes, the arc of zirconium tungsten electrodes is more concentrated, and
the arc drift phenomenon is significantly reduced. This property is particularly important when
welding light metals such as aluminum and magnesium, as these materials are prone to weld defects
such as porosity or non-fusion due to arc instability in AC welding. The arc stability of zirconium
tungsten electrodes is mainly due to the uniform distribution of zirconia particles in the tungsten
matrix, which enhance the durability and controllability of the arc by optimizing the crystal structure

and surface electron emission characteristics.

In practical applications, the arc stability of zirconium tungsten electrodes is closely related to the
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zirconia content. For example, WZ8 (0.7%—0.9% ZrO:) compared to WZ3 (0.15%-0.4% ZrO2) has
a higher arc concentration and is suitable for high current (150400 A) AC welding, capable of
maintaining a stable arc shape in high-frequency arcs. The WZ3 is more suitable for medium current
(50-150 A) scenarios, and its arc stability is sufficient to meet the needs of thin plate welding or
low-frequency AC welding. The excellent performance of arc stability makes zirconium tungsten
electrodes widely used in aerospace, automobile manufacturing, and shipbuilding industries where
weld quality is extremely high.

In addition, the arc stability of zirconium tungsten electrodes is also affected by the shape of the
electrode tip. Grinding the tip into a tapered shape (usually 30°-60°) can further enhance arc
concentration and reduce arc spread. Modern welding equipment further optimizes the arc stability
of zirconium tungsten electrodes by precisely controlling current waveforms, such as square wave

AC, allowing them to exhibit higher reliability in complex welding environments.

4.2 Ignition performance and electrode life of zirconium tungsten electrode

Ignition performance refers to the ease with which the electrode initiates the arc, usually evaluated
by the ignition voltage and ignition success rate. The zirconium tungsten electrode significantly
reduces the electron escape work (about 2.7-3.0 eV, down from 4.5 eV for pure tungsten) due to the
doping of zirconia, making arc initiation easier, especially in high-frequency AC welding. This
excellent ignition performance makes zirconium tungsten electrodes the material of choice for

welding aluminum and magnesium alloys.

The ignition performance of the WZS8 electrode is better than that of the WZ3 due to its higher
zirconia content. In high-frequency AC welding, WZ8 can quickly form an arc at a lower ignition
voltage, reducing the risk of ignition failure or arc interruption. Although the ignition performance
of the WZ3 is slightly inferior to that of the WZ8, it still provides reliable ignition results in the
medium current range, making it suitable for small to medium-sized welding tasks. The improved
ignition performance not only improves welding efficiency, but also reduces equipment loss and
wasted operating time due to ignition difficulties.

Electrode life is another key characteristic of zirconium tungsten electrodes, which refers to the time
the electrode can maintain its performance under normal use conditions. The lifespan of zirconium
tungsten electrodes is mainly limited by their ability to resist burnout and contamination. The doping
of zirconia significantly reduces the burnout rate of the electrode in the high-temperature arc by
forming a stable oxide layer. WZS8 electrodes typically have a lifespan of 30%-50% longer than
WZ3 due to their higher zirconia content, especially in high-current, long-term welding. For
example, in TIG welding of aerospace components, the WZ8 electrode is capable of operating at
continuous high currents (200-300 A) for hours without frequent replacement.

Electrode life is also affected by the welding environment and operating conditions. For example,

proper inert gas protection, such as argon or helium, can reduce oxidation on the electrode surface

and extend life. Optimization of tip grinding angle and current waveform also effectively extends

electrode life. Compared with pure tungsten electrodes, the life of zirconium tungsten electrodes is
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usually extended by 2-3 times in AC welding, which makes them more economical in industrial
production.

4.3 Burn resistance and anti-pollution ability of zirconium tungsten electrode

Burn-off resistance is the ability of zirconium tungsten electrodes to resist tip melting or loss in a
high-temperature arcing environment. The zirconium tungsten electrode significantly improves the
burnout resistance by doping with zirconia. Zirconia particles form a stable dispersed phase in the
tungsten matrix, which can effectively inhibit the volatilization and oxidation reactions of tungsten
at high temperatures (forming volatile oxides such as WOs). This protection mechanism allows the
zirconium tungsten electrode to maintain its tip shape in an arcing environment above 6000°C,

reducing burnout and melting.

WZS8 electrodes are more resistant to burnout than WZ3 because their higher zirconia content forms
a denser protective layer. In high-current AC welding, the tip burn-out rate of the WZ8 electrode
can be reduced to 1/3 of that of a pure tungsten electrode, significantly extending the electrode life.
The WZ3 electrode also provides good burnout resistance at moderate currents, but prolonged high-
current operation may cause slight wear on the tip.

Contamination resistance refers to the electrode's ability to resist the adhesion of metal vapors,
oxides, or other contaminants during the welding process. In aluminum alloy welding, aluminum
oxides (Al:Os) and other impurities tend to adhere to the electrode tip, leading to arc instability or
ignition difficulties. The anti-fouling ability of zirconium tungsten electrodes is due to the chemical
stability of zirconia, and its surface is not prone to chemical reactions with aluminum oxides or other
contaminants. Additionally, zirconium tungsten electrodes have a higher surface finish, often
achieved through precision polishing, further reducing the likelihood of contaminant adhesion.

In practical applications, the zirconium tungsten electrode's resistance to contamination allows it to
excel in complex welding environments. For example, in high humidity or oxygenated
environments, zirconium tungsten electrodes can maintain stable arc performance and reduce
welding defects caused by contamination. Compared with thorium tungsten electrodes, zirconium
tungsten electrodes are non-radioactive, more environmentally friendly, and their anti-pollution
ability is better than cerium tungsten and lanthanum tungsten electrodes in AC welding.

4.4 Performance of zirconium tungsten electrode in different welding environments

The performance of zirconium tungsten electrodes in different welding environments varies
depending on the type of current (DC or AC), the soldering material, and the process conditions.
The following analyzes their performance in direct current (DC) and alternating current (AC)
welding.

4.4.1 Direct Current Soldering (DC)

In direct current welding (DC), the zirconium tungsten electrode is typically used as a negative

electrode (DCEN, Direct Current Electrode Anode), with an arc emitting electrons to the workpiece.

Zirconium tungsten electrodes are relatively rarely used in DC welding because their main
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advantage lies in AC welding. However, zirconium tungsten electrodes can still play a role in
specific DC welding scenarios, such as low-current welding or special alloy welding.

Arc stability: In DC welding, the arc stability of zirconium tungsten electrodes is slightly inferior to
thorium tungsten or lanthanum tungsten electrodes, but better than pure tungsten electrodes. Its
zirconia doping keeps the arc relatively concentrated and is suitable for welding thin sheets of
stainless steel or magnesium alloys.

Ignition Performance: Zirconium tungsten electrodes have good ignition performance in DC
welding, but they are not as outstanding as cerium tungsten or lanthanum tungsten electrodes at low
currents.

Burnout resistance: In DC welding, the electrode tip temperature is low, and the burnout resistance
of zirconium tungsten electrode is sufficient to meet the needs and has a long life.

Application Scenarios: The application of zirconium tungsten electrodes in DC welding is mainly
focused on scenarios sensitive to electrode contamination, such as medical device manufacturing or

food-grade stainless steel welding.

Overall, zirconium tungsten electrodes do not perform as well as thorium tungsten or lanthanum
tungsten electrodes in DC welding, but their non-radioactivity and resistance to contamination make

them competitive in specific scenarios.

4.4.2 AC Welding (AC)

AC welding is the main application area of zirconium tungsten electrodes, especially when welding
light metals such as aluminum and magnesium. In AC welding, the electrode alternates between the
positive and negative half circles as cathodes and anodes, resulting in large temperature fluctuations
at the electrode tip, which requires high thermal stability and burnout resistance of the electrodes.

Arc stability: Zirconium tungsten electrodes exhibit excellent arc stability in AC welding, with
concentrated arcs and low drift. WZ8 electrode can form a stable conical arc at high current (150—
400 A), which is suitable for thick aluminum alloy welding; The WZ3 electrode is suitable for
medium currents (50-150 A) and is used for sheet welding.

Ignition performance: Zirconium tungsten electrodes have excellent ignition performance in AC
welding, especially in high-frequency AC arcs, which can quickly start the arc and reduce ignition
failures.

Burn resistance ability: In AC welding, the burn resistance of zirconium tungsten electrode is
significantly better than that of pure tungsten electrode. WZ8 electrodes maintain tip shape and
extend service life under high frequency and high current conditions.

Application scenarios: Zirconium tungsten electrodes are widely used in aerospace (such as aircraft
fuselage welding), automotive manufacturing (such as aluminum alloy bodies), and the marine
industry (such as aluminum alloy hulls). Its excellent properties in AC welding make it the preferred
electrode for aluminum alloy welding.
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The advantages of zirconium tungsten electrode in AC welding are also due to the current waveform
control technology of modern welding equipment. For example, square wave AC can optimize the
positive and negative half-circumferential switching of the arc, combined with the high performance
of zirconium tungsten electrodes, to further improve welding quality.

4.5 Thermodynamic properties of zirconium tungsten electrodes

The thermodynamic properties of zirconium tungsten electrodes are the basis for maintaining stable
performance in high-temperature arcing environments, mainly including heat capacity, thermal
expansion coefficient, thermal conductivity and other indicators. Its thermodynamic properties are
analyzed in detail below:

Heat capacity: The specific heat capacity of zirconium tungsten electrode is about 0.13 J/(g- K)
(close to pure tungsten), capable of absorbing and storing heat at high temperatures, reducing tip
overheating. The doping of zirconia slightly increases the heat capacity of the electrode, allowing it
to better cope with temperature fluctuations in high-frequency alternating current arcs.

Coefficient of thermal expansion: The coefficient of thermal expansion of zirconium tungsten
electrodes is about 4.5x107¢ K™ (close to pure tungsten), and the lower coefficient of thermal
expansion makes it less deformed at high temperatures, maintaining the stability of the tip geometry.
The addition of zirconia further reduces the coefficient of thermal expansion and enhances the
thermal shock resistance of the electrode.

Thermal conductivity: The thermal conductivity of zirconium tungsten electrodes is about 173
W/(m-K) (at room temperature), which can quickly conduct heat from the electrode tip to other parts
to prevent local overheating. The WZS electrode has slightly better thermal conductivity than WZ3
due to its denser microstructure, which helps maintain lower tip temperatures in high-current
soldering.

Thermal stability: The high melting point of zirconium tungsten electrodes (approximately 3422°C)
allows them to maintain their structural integrity in arcing environments above 6000°C. Zirconia
particles enhance the thermal stability of the electrode by inhibiting grain growth and high-

temperature deformation.

These thermodynamic properties enable zirconium tungsten electrodes to maintain stable
performance under extreme conditions such as high currents and prolonged welding, reducing
burnout and deformation, and extending their service life.

4.6 Microstructure analysis of zirconium tungsten electrodes

The microstructure of zirconium tungsten electrodes has a significant impact on their performance
and is typically analyzed using techniques such as scanning electron microscopy (SEM), X-ray
diffraction (XRD), and transmission electron microscopy (TEM). The microstructure of zirconium
tungsten electrode mainly includes the distribution characteristics of tungsten matrix and zirconia

particles.
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Tungsten matrix: The tungsten matrix of zirconium tungsten electrodes is a body-centered cubic
(BCC) crystal structure, with grain sizes typically ranging from 10-50 um. The high purity of
tungsten (more than 99.5%) ensures the compactness and mechanical strength of the matrix.

Zirconia particles: Zirconia is evenly distributed in the tungsten matrix as tiny particles (0.1-1 um
in diameter), and WZ8 has a higher particle density than WZ3. Zirconia particles inhibit the growth
of tungsten grains at high temperatures through the pinning effect, enhancing the thermal stability
and mechanical properties of the electrode.

Interfacial characteristics: The interface between zirconia and tungsten matrix is tightly bonded,
with no obvious pores or cracks. This good interface binding improves the electrode's resistance to
thermal shock and burnout.

Microscopic defects: The porosity of high-quality zirconium tungsten electrodes is less than 0.5%
in the microstructure, and the content of impurity phases (such as oxides or carbides) is very low.
Sintering and heat treatment processes during production are essential to reduce microscopic defects.

Microstructural analysis showed that the WZ8 electrode had a more uniform distribution of zirconia
particles and a smaller grain size (about 10-20 pum), giving it higher stability in high-current welding.
The WZ3 electrode has a slightly larger grain size (about 20-50 pm) and is suitable for medium
current scenarios. The optimization of the microstructure is the key to improving the performance
of zirconium tungsten electrodes, and modern production techniques further improve the uniformity

and density of the structure by controlling the doping and sintering processes.

4.7 Zhongtungsten Intelligent Manufacturing Zirconium Tungsten Electrode MSDS

The Material Safety Data Sheet (MSDS) provides safety guidance for the use, storage, and handling
of zirconium tungsten electrodes. The following is a summary of the MSDS of Zirconium Tungsten
Electrodes of China Tungsten Intelligent Manufacturing, based on industry standards and common
specifications:

Product Name: Zirconium Tungsten Electrode (WZ3, WZ38)

Chemical composition: tungsten (W, more than 99.5%), zirconia (ZrO:, 0.15%-0.9%), trace
impurities (Fe, Si, C, etc., <0.05%).

Physical state: solid metal rod, diameter 1.0-6.4 mm, length 150-300 mm.

Hazard Identification:

Zirconium tungsten electrodes have no significant health hazards and are non-radioactive under
normal use.

Metal vapor, ozone and ultraviolet rays may be generated during the welding process, and protective
equipment (such as welding masks, gloves) should be worn.

Tungsten dust may be generated when grinding electrodes, and ventilation equipment and
respiratory protection devices are required.
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First aid measures:

Inhale dust: Move to a ventilated area and seek medical attention if necessary.

Skin contact: no special hazards, just wash.

Eye contact: If dust gets into the eyes, rinse with water and seek medical attention.

Fire protection measures: Zirconium tungsten electrode is non-flammable, use dry powder or carbon
dioxide fire extinguishers to deal with surrounding fires.

Handling and storage:

Store in a dry, ventilated environment, away from humidity or heat.

After use, the waste electrode should be recycled and disposed of as metal waste to avoid random
discarding.

Personal protection: use protective masks, gloves and ventilation equipment when welding; Wear a
dust mask and goggles when grinding.

Environmental impact: Zirconium tungsten electrodes have no significant environmental hazards,
and their production and disposal must comply with environmental regulations.

Shipping information: Non-dangerous goods, avoid mechanical damage and moisture during
transportation.

The zirconium tungsten electrode MSDS of China Tungsten Intelligent Manufacturing complies
with international standards (such as OSHA, REACH) to ensure that users are safe and compliant
during operation. The actual MSDS may vary slightly depending on the manufacturer and regional
regulations, and it is recommended that users refer to the specific version provided by the supplier.

Copyright and Legal Liability Statement
Copyright© 2025 CTIA All Rights Reserved Tel: 0086 592 512 9696
Standard document version number CTIAQCD -MA-E/P 2024 version CTIAQCD -MA-E/P 2018- 2025V
Www.ctia.com.cn sales(@chinatungsten.com
Page 28 of 105



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

. CTIA GROUP LTD
CHQmmn (mih famas

2dmmx i mm

fapprer 8L

4 Phacsited W TP

10 Pieces

dorran

(VT L AR RS

Chapter 5 Preparation and Production Process of Zirconium Tungsten Electrodes

The preparative production process of zirconium tungsten electrodes is a complex and high-
precision process that involves multiple steps from raw material selection to finished product
processing. The high performance of zirconium tungsten electrodes depends on raw material quality,
doping uniformity, microstructure control, and optimization of processing processes. This chapter
details the preparation and production process of zirconium tungsten electrodes, covering raw
material preparation, powder metallurgy process, molding technology, surface treatment and
polishing, as well as quality control and process optimization.

5.1 Preparation of raw materials for zirconium tungsten electrodes

Raw material preparation is fundamental to zirconium tungsten electrode production, directly
affecting its chemical composition, microstructure, and final properties. The main raw materials for
zirconium tungsten electrodes include high-purity tungsten powder and zirconia (ZrOz) compounds,
which need to be strictly selected and pre-treated to ensure they meet production requirements.

5.1.1 Selection of tungsten powder and zirconium compounds
Selection of tungsten powder

Tungsten powder is the main raw material for zirconium tungsten electrodes, usually prepared from

tungstates (such as ammonium paratungstate, APT) through a reduction process. The purity of
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tungsten powder is extremely high, usually reaching more than 99.95% (3NS5 grade or higher) to
reduce the impact of impurities (such as iron, silicon, carbon, oxygen) on electrode performance.
The particle size distribution of tungsten powder is crucial for subsequent processes, with common
particle sizes ranging from 1-10 um and an average particle size of about 3—5 um. Fine particle size
is conducive to improving the sintering performance of powder and the density of electrodes, but
too fine particles may increase grinding difficulty and production costs.

The morphology of tungsten powder also needs to be strictly controlled, and spherical or near-
spherical particles are preferred because they have better fluidity and bulk density, which is
conducive to the mixing and pressing process. In modern production, tungsten powder is usually
prepared by hydrogen reduction or plasma spheroidization to ensure uniform morphology and low
impurity content.

Selection of zirconia compounds

Zirconia (Zr0-) is used as a dopant for zirconia tungsten electrodes, usually added as a high-purity
powder or solution. The purity of zirconia is required to reach more than 99.9% to avoid impurities
interfering with the electron emission performance of the electrode. The particle size of zirconia
particles is usually in the range of 0.1-1 pum, and nanoscale zirconia (<100 nm) is gradually
becoming popular in high-end electrode production because it can be distributed more evenly in the
tungsten matrix and improve the microstructural stability of the electrode.

The choice of zirconia also needs to consider its crystal structure, usually monoclinic ZrO: or
partially stabilized zirconia (PSZ, doped with a small amount of magnesium oxide or yttrium oxide).
Monoclinic zirconia has good stability in the process of high-temperature sintering, which is suitable
for the preparation of zirconium tungsten electrodes. The addition ratio of zirconia is precisely
controlled according to the electrode grade (e.g., WZ3, WZS8), usually 0.15%-0.9% (weight

percentage).

5.1.2 Purity and pretreatment of raw materials

Raw material purity: The purity of the raw material directly affects the performance of zirconium
tungsten electrode. Impurities in tungsten powder (e.g., iron < 0.005%, silicon < 0.003%, carbon <
0.005%) are rigorously detected by chemical analysis (e.g., [ICP-MS, inductively coupled plasma
mass spectrometry). Impurities in zirconia (such as alumina, silicon oxide) should also be controlled
below 0.01% to ensure the chemical stability and arc performance of the electrode.

The selection of high-purity raw materials should be combined with supplier qualifications and
production processes. For example, tungsten powder manufacturers need to have advanced
reduction and purification equipment, while zirconia needs to be prepared by chemical precipitation
or sol-gel methods to ensure high purity and uniform particle morphology.

Pretreatment Pretreatment Raw material pretreatment involves steps such as cleaning, drying, and

screening, aiming to remove surface impurities, adjust particle size distribution, and improve the

uniformity of raw materials. Tungsten powder is typically pickled (such as dilute hydrochloric acid

or nitric acid solution) to remove surface oxides and organic residues, followed by drying in a
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vacuum or inert gas (such as argon) to prevent oxidation. Zirconia powder needs to be cleaned by
ultrasonic cleaning or high-temperature calcination to remove adsorbed moisture and volatile

impurities.

Screening is an important step in pre-treatment to control the particle size distribution of tungsten
powder and zirconia. Vibrating screens or airflow classifiers are commonly used to control particle
size within the target range (3—5 pm for tungsten powder, 0.1-1 pm for zirconia). In addition, some
high-end production processes may use ball milling or spray drying technology to further optimize
the morphology and flow of raw materials.

5.2 Powder metallurgy process of zirconium tungsten electrode

Powder metallurgy is the core process of zirconium tungsten electrode production, converting
tungsten powder and zirconia into dense electrode blanks through steps such as mixing, pressing,
and sintering. Precise control of powder metallurgy processes is crucial for the microstructure and
performance of electrodes.

5.2.1 Mixing and Grinding

mix

Mixing is the process of uniformly combining tungsten powder with zirconia powder, aiming to
ensure uniform distribution of zirconia particles in the tungsten matrix. Mixing is usually done using

a dry or wet mix process:

Dry mixing: Using a high-speed mixer or V-mixer, mixing is carried out under the protection of
inert gases such as argon. The mixing time is generally 2—4 hours to avoid powder agglomeration
and the introduction of impurities.

Wet mixing: Tungsten powder and zirconia are dispersed in a liquid medium (such as ethanol or
deionized water) to achieve uniform mixing through agitation or ultrasonic dispersion. After wet
mixing, the liquid medium needs to be removed by spray drying or vacuum drying.

The mixing process requires precise control of the zirconia ratio (e.g., 0.3% for WZ3 and 0.8% for
WZ8), and is usually weighed using high-precision electronic balances. In modern production,
automated mixing equipment, such as planetary mixers, can improve mixing uniformity and reduce

human error.

grind

Grinding is used to further refine powder particles, optimizing particle size distribution and
morphology. Commonly used equipment includes ball mills or airflow mills, and grinding media
(such as zirconia balls or tungsten balls) require a choice of high-hardness, low-contamination
materials. The grinding time is generally 4-8 hours, and the temperature (<50°C) needs to be
controlled to prevent powder oxidation. The ground powder is screened again to ensure a uniform
particle size (2-5 um for tungsten powder, 0.1-0.5 um for zirconia).
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Grinding of nanoscale zirconia requires high-energy ball milling or ultra-fine grinding techniques
to achieve a more uniform doping effect. During the grinding process, the oxygen content and
impurity levels of the powder should be monitored to avoid deterioration of performance.

5.2.2 Pressing molding

Pressing is the process of pressing mixed powder into electrode blanks, typically using cold isostatic
pressing (CIP) or molding processes. The purpose of pressing is to form a billet with a certain
strength and density that facilitates subsequent sintering.

Cold Isostatic Pressing (CIP): The mixed powder is loaded into a flexible mold and evenly pressed
through a liquid medium (such as water or oil) under high pressure (100-200 MPa) to form a dense
blank. The CIP process can reduce porosity and stress concentration in the billet and improve the
uniformity of the electrode after sintering.

Molding: Powder is pressed into cylindrical blanks using rigid molds and hydraulic presses, suitable
for low-volume production. The molding process requires precise control of pressure (50—100 MPa)
and holding time (10-30 seconds) to avoid cracking of the billet.

During the pressing process, the bulk density of the powder (usually 50%—60% theoretical density)
needs to be controlled and mold contamination should be avoided. The diameter of the pressed billet
is generally 10-20 mm and the length is 100-300 mm, and the specific size is determined according
to the subsequent processing needs.

5.2.3 Sintering process

Sintering is the process of heating pressed billets to high temperatures to bind powder particles into
a dense material. The sintering of zirconium tungsten electrodes usually uses high-temperature
vacuum sintering or hydrogen protection sintering to ensure the high density and low impurity
content of the electrodes.

Sintering equipment: commonly used high-temperature vacuum sintering furnaces or hydrogen
sintering furnaces, with a temperature range of 1800—2200°C. Vacuum sintering effectively removes
oxygen and volatile impurities from the billet, while hydrogen sintering prevents tungsten oxidation
by reducing the atmosphere.

Sintering process parameters:

Temperature: The sintering temperature needs to be precisely controlled, usually in stages: 1000°C
pre-sintering to remove volatiles, 1800-2000°C main sintering to promote particle bonding, 2200°C
high temperature preservation to optimize the crystal structure.

Time: Total sintering time is 4—8 hours, holding time is 1-2 hours.

Atmosphere: Vacuum < 10 Pa or high purity hydrogen (purity > 99.999%).

Sintering effect: The sintering density of high-quality zirconium tungsten electrode can reach 95%—
98% theoretical density, and the porosity is less than 0.5%. The zirconia particles are evenly
distributed during the sintering process, inhibiting the growth of tungsten grains and enhancing the
thermal stability and mechanical properties of the electrode.
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The sintered billet needs to be checked for internal defects through X-ray inspection or ultrasonic
inspection to ensure that there are no cracks or pores. The optimization of the sintering process is
the key to improving the performance of zirconium tungsten electrodes, and computer control
systems are often used in modern production to accurately adjust the temperature and atmosphere.

5.3 Molding technology of zirconium tungsten electrode

The sintered billet needs to be processed into electrode rods that meet specifications through
molding technology, including steps such as drawing, extrusion, heat treatment, and annealing, to
achieve the desired size, shape, and performance.

5.3.1 Drawing and extrusion

drawing

Drawing is the process of gradually stretching the sintered blank through a series of molds to make
a slender electrode rod. The drawing equipment includes a multi-pass drawing machine, and the
mold material is usually carbide or diamond to withstand the high hardness of tungsten. The
following parameters need to be controlled during the drawing process:

Pull-out speed: 0.1-1 m/min, too fast may cause surface defects.

Lubricant: Use graphite or molybdenum disulfide lubricant to reduce mold wear and electrode
surface scratches.

Passes: Typically, 10-20 draws are required to reduce the billet diameter from 10-20 mm to 1.0—

6.4 mm.

The diameter tolerance of the drawn electrode rod should be controlled within £0.05 mm, and the
surface roughness Ra<0.8 pm. The drawing process can improve the mechanical strength and
surface finish of the electrode, but it is necessary to avoid internal micro-cracks caused by excessive
stretching.

extrusion

Extrusion is an alternative to drawing and is suitable for the production of large diameter electrodes
such as >6 mm. The extrusion equipment is a hydraulic extrusion machine, and the billet is extruded
and formed by a die at high temperature (1200-1500°C). The advantage of the extrusion process is
that it can be molded at one time, reducing the number of processing passes, but it requires high
temperature resistance of equipment and molds.

5.3.2 Heat treatment and annealing

heat treatment

Heat treatment is used to eliminate internal stresses during drawing or extrusion, optimizing the
crystal structure of the electrodes. Heat treatment is usually carried out in a vacuum or hydrogen
protection furnace at a temperature of 1200-1600°C and a holding time of 1-2 hours. Heat treatment
can improve the ductility and fracture resistance of the electrode, reducing the risk of brittle fracture

in use.
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anneal
Annealing is the next step in heat treatment to further reduce internal stresses through slow cooling
(cooling rate <50°C/h). The annealing process can improve the microstructure of the electrode,
allowing for more uniform distribution of zirconia particles, and improving the thermal stability and
arc performance of the electrode. The surface of the annealed electrode needs to be inspected to
ensure that there is no oxidation or cracking.

5.4 Surface treatment and polishing of zirconium tungsten electrodes

Surface treatment and polishing are the final steps in the production of zirconium tungsten
electrodes, aiming to improve the surface finish and performance stability of the electrodes. The
surface quality directly affects the ignition performance and anti-contamination ability of the
electrode.

Surface treatment
Surface preparation includes cleaning and deburring to remove lubricants, oxides, or micro-

scratches left over from the drawing or extrusion process. Common methods include:

Chemical cleaning: Use a dilute acid solution, such as 5% nitric acid or hydrochloric acid, to clean
the electrode surface to remove oxides and impurities.

Ultrasonic cleaning: Removal of tiny particles and oil stains by ultrasonic vibration in deionized
water or ethanol.

Plasma cleaning: Use low-temperature plasma to treat the electrode surface to improve surface

cleanliness.

polished

Polishing is used to improve the finish of the electrode surface and reduce surface roughness
(Ra<0.4 pm). Commonly used polishing equipment includes rotary polishing machines or
electrochemical polishing equipment, and the polishing medium is alumina or diamond suspension.
The polishing process requires controlled speed and pressure to avoid overheating or deformation
of the surface due to over-polishing. The polished electrode surface has a mirror sheen, helping to
reduce contaminant adhesion and arc drift during welding.

Some high-end electrodes may use laser polishing or ion beam polishing techniques to achieve
nanoscale surface finishes, further improving ignition performance and anti-contamination

capabilities.

5.5 Quality control and process optimization of zirconium tungsten electrodes

Quality control and process optimization run through every aspect of zirconium tungsten electrode
production, aiming to ensure that the electrode's chemical composition, microstructure, and
performance comply with international standards (e.g., ISO 6848, AWS A5.12, GB/T 4187).

quality control
Raw material testing: Detect the chemical composition of tungsten powder and zirconia through
ICP-MS, XRF (X-ray fluorescence spectroscopy) and other methods to ensure that the impurity
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content is lower than the standard requirements.
Process monitoring: Use online monitoring equipment (such as laser particle size analyzer, infrared
thermometer) to control process parameters during mixing, pressing, sintering, and molding
processes, and detect powder particle size, billet density, and sintering temperature in real time.
Finished product inspection: The electrode after sintering and molding needs to be tested in multiple
dimensions, including:
Chemical composition: Verify the zirconia content by spectroscopic analysis (e.g., 0.3% for WZ3
and 0.8% for WZ8).
Microstructure: Grain size and zirconia distribution were analyzed using SEM and XRD.
Dimensional tolerances: Electrode diameter (+£0.05 mm) and length (£1 mm) are checked by laser
rangefinder.
Surface quality: Ra value (<0.4 um) was detected using a surface roughness meter.

Process optimization

Automated Production: Employ PLC (Programmable Logic Controller) or SCADA (Data
Acquisition and Monitoring System) to control the mixing, pressing, and sintering processes,
improving production consistency and efficiency.

Green manufacturing: optimizing the sintering process to reduce energy consumption and exhaust
emissions; Recycling waste materials (such as tungsten powder and zirconia) to improve raw
material utilization.

Intelligent technology: Artificial intelligence and machine learning are introduced to optimize
process parameters, such as predicting the optimal sintering temperature and drawing speed through
data analysis, improving electrode performance and production yield.

Nanotechnology: Nanoscale zirconia particles and advanced doping techniques (such as sol-gel
method) are used to improve the microstructural uniformity and performance stability of electrodes.

The combination of quality control and process optimization ensures the high performance and
consistency of zirconium tungsten electrodes, meeting the needs of applications in highly
demanding fields such as aerospace and nuclear industries. Modern production enterprises have also
passed ISO 9001 quality management system certification to further standardize the production

process.
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Chapter 6 Production Technology of Zirconium Tungsten Electrodes

The production technology of zirconium tungsten electrode is the key to achieving its high
performance and high consistency, involving doping technology, high-temperature sintering,
precision machining, automation and intelligent production, green manufacturing, and solutions to
production problems. As a core material in tungsten inert gas shielding (TIG welding) and plasma
cutting, zirconium tungsten electrodes need to take into account performance optimization, cost
control and environmental protection requirements. This chapter will explore in detail the various
aspects of zirconium tungsten electrode production technology, analyzing its process principles, key

technologies, and latest developments.

6.1 Doping technology of zirconium tungsten electrode

Doping technology is a core part of zirconium tungsten electrode production, significantly
improving the arc stability, ignition performance, and burnout resistance of the electrode by adding
zirconia (Zr0O:) to the high-purity tungsten matrix. The goal of doping technology is to achieve
uniform distribution of zirconia in the tungsten matrix while ensuring that the chemical composition
of the electrode meets international standards (e.g., ISO 6848 and AWS A5.12).
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Zirconium Tungsten Electrode Introduction

1. Overview of Zirconium Tungsten Electrode

Zirconium tungsten electrode is a non-radioactive welding electrode made by doping a small amount
of zirconium oxide (ZrO2) into a high-purity tungsten base. It is specifically optimized for AC TIG
(Tungsten Inert Gas) welding. Its excellent arc stability and outstanding resistance to contamination
make it the preferred choice for welding aluminum, magnesium, and their alloys.

2. Types of Zirconium Tungsten Electrode

Grade Tip Color = ZrO2 Content (wt.%)  Characteristics & Applications
Ideal for low to medium intensity AC
WZ3 Brown 02-04 ) )
welding; cost-effective
Industry-standard grade with excellent overall

WZ38 White 0.7-0.9
performance

3. Standard Sizes & Packaging of Zirconium Tungsten Electrode

Diameter (mm) Length (mm) Regular Coloring Packing:
1.0 150/ 175 Black / Gold / Blue 10 pcs/box
1.6 150/ 175 Black / Gold / Blue  10pcs/box
2.0 150/ 175 Black / Gold / Blue  10pcs/box
2.4 150/ 175 Black / Gold / Blue  10pcs/box
3.2 150/ 175 Black / Gold / Blue  10pcs/box
4.0 150/ 175 Black / Gold / Blue  10pcs/box
Remark The sizes can be customized

4. Applications of Zirconium Tungsten Electrode
Welding of aluminum and aluminum alloys: such as doors, windows, frames, and automotive
body structures
Welding of magnesium and magnesium alloys: widely used in aerospace lightweight
components
AC welding of stainless steel (under specific low-current conditions)
Precision welding in aerospace, rail transit, pressure vessels, etc.

Used in automated welding systems and robotic torch assemblies

5. Procurement Information

Email: sales@chinatungsten.com
Phone: +86 592 5129595; 592 5129696
Website: www.tungsten.com.cn
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6.1.1 Doping method of zirconium oxide

The doping method of zirconia directly affects the microstructure and properties of zirconium
tungsten electrodes. Commonly used doping methods include dry doping, wet doping, and chemical

co-precipitation, each with its own advantages and suitable for different production needs and
electrode grades (e.g., WZ3, WZ8).

Dry method doping

Dry doping is the process of doping high-purity tungsten powder with zirconia powder through
mechanical mixing. Mixing equipment is typically a high-speed mixer, V-mixer, or planetary ball
mill, and the operating environment requires an inert gas (such as argon or nitrogen) to prevent

powder oxidation. The dry doping process includes:

Raw material preparation: Tungsten powder with a purity > of 99.95% (particle size 3—5 um) and a
purity of > 99.9% zirconia powder (particle size 0.1-1 pm) were selected.

Mixing: Weigh the ingredients in the target ratio (e.g. 0.3% ZrO: for WZ3 and 0.8% ZrO- for WZ8)
and mix using a high-speed mixer for 2—4 hours at a mixing speed of 100-300 rpm.

Sieving: The mixed powder is removed by a vibrating screen (sieve hole < 10 pum) to remove
agglomerated particles, ensuring uniform particle size.

The advantages of dry doping are simple process and low cost, making it suitable for high-volume
production. However, its uniformity is limited by mechanical mixing efficiency, and it is prone to

local zirconia particle aggregation, which affects the electrode performance.

Wet method doping
Wet doping involves mixing tungsten powder and zirconia in a liquid medium such as deionized
water or ethanol, which is then removed by drying. Wet doping processes include:

Dispersion: Tungsten powder and zirconia powder are added to a liquid medium to form a
homogeneous suspension using ultrasonic dispersion or high-speed agitation (500—1000 rpm).
Mixing: Ensure uniform distribution of zirconia particles by agitation or ball milling (grinding time
4-8 hours).

Drying: Spray drying or vacuum drying (temperature < 100°C) is used to remove the liquid medium
to obtain a homogeneous mixed powder.

The advantage of wet doping is that it can achieve higher doping uniformity, especially for nanoscale
zirconia doping. However, wet doping requires controlling the purity of the liquid medium to avoid
introducing impurities, and the drying process may increase energy consumption.

Chemical co-precipitation method Chemical co-precipitation method is an advanced doping
technique that directly generates zirconia particles in a tungsten matrix through a chemical reaction.
The process includes:

Solution preparation: Dissolve tungstate (such as ammonium paratungstate) in water and add a
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zircon salt solution (such as zirconium chloride or zirconium nitrate).
Co-precipitation: By adding a precipitant (such as ammonia), tungsten and zirconium ions are
precipitated simultaneously to form a tungsten precursor containing zirconia.
Calcination: The precipitate is calcined at 800—1000°C to produce tungsten powder containing

zirconia.

The advantage of chemical co-precipitation is that the doping uniformity is extremely high, and the
zirconia particles can reach the nanoscale (<100 nm), which significantly improves the electrode
performance. However, its process is complex and costly, and it is mainly used in the production of
high-end zirconium tungsten electrodes.

Other Doping Methods In recent years, sol-gel and plasma spraying methods have also been used
in doping studies of zirconium tungsten electrodes. The sol-gel method achieves nanoscale doping
by preparing zirconium-containing gel precursors, while the plasma spraying method deposits
zirconia onto a tungsten matrix through high-temperature plasma. These methods are suitable for
special-purpose electrodes such as high-current plasma cutting, but are not yet widely used in

industrial production.

6.1.2 Doping uniformity control

Doping uniformity is the key to the consistency of zirconium tungsten electrode performance, which
directly affects the arc stability and service life of the electrode. Uneven doping can lead to local
performance variations, leading to arc drift or electrode burnout. Doping uniformity control should
start from the following aspects:

Raw material particle size control: The particle size of tungsten powder and zirconia needs to be
matched, usually 3—5 pm for tungsten powder and 0.1-1 um for zirconia. Excessive particle size
differences may lead to uneven mixing, affecting the sintering effect.

Mixing Equipment Optimization: Use high-precision mixing equipment, such as planetary ball mills
or ultrasonic dispersers, to ensure uniform distribution of zirconia particles. Mixing times and
speeds need to be optimized according to the characteristics of the powder, for example, wet doping
requires a controlled mixing speed of 500—1000 rpm and a mixing time of 4—6 hours.

Online monitoring: Laser particle size analyzers and scanning electron microscopy (SEM) are used
to monitor the particle size distribution and mixing uniformity of powders in real time. In modern
production, Al algorithms can be used to analyze SEM images and predict doping uniformity.
Process Parameter Adjustment: Optimize zirconia distribution by adjusting mixing time, media ratio,
and grinding intensity. For example, dispersants (such as polyvinyl alcohol) can be added to wet
doping to improve suspension stability.

Quality Inspection: The mixed powder needs to be detected by X-ray fluorescence spectroscopy
(XRF) or inductively coupled plasma mass spectrometry (ICP-MS) to ensure that it is consistent
with the target grades (e.g., WZ3, WZS).

Recent advances in doping uniformity control include nanotechnology applications and intelligent

mixing equipment. The introduction of nanoscale zirconia significantly improves doping uniformity,
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while intelligent mixing equipment further improves production consistency by adjusting process
parameters through real-time feedback.

6.2 High-temperature sintering technology of zirconium tungsten electrode

High-temperature sintering is a key process in which the mixed powder is pressed into billets and
then combined into dense electrode blanks through high-temperature treatment. Sintering
technology directly affects the density, microstructure, and performance stability of zirconium
tungsten electrodes. The sintering of zirconium tungsten electrodes is usually done using vacuum
sintering or hydrogen protection sintering to prevent tungsten oxidation and ensure high density.

Sintering equipment
The high-temperature sintering furnace is the core equipment of the sintering process, which needs
to have high-precision temperature control and atmosphere control functions. Commonly used

equipment includes:

Vacuum sintering furnace: vacuum < 107 Pa, temperature range 1800-2200°C, suitable for high-
purity electrode production.

Hydrogen sintering furnace: uses high-purity hydrogen (>99.999%) as a protective atmosphere to
prevent tungsten oxidation, suitable for mass production.

Microwave sintering oven: A sintering technology that has emerged in recent years, it achieves fast
and uniform sintering through microwave heating, shortening the sintering time (2—4 hours).

Sintering process
The sintering process is usually divided into three stages: pre-sintering, main sintering and heat

preservation:

Pre-sintering (800—1000°C): Remove volatile impurities (e.g., moisture, lubricants) and adsorbed
gases from the billet for 1-2 hours.

Main sintering (1800-2000°C): Promote the binding of tungsten particles and the formation of
zirconia dispersed phases for 2—4 hours. The sintering temperature needs to be precisely controlled
(£10°C) to avoid excessive grain size or porous residue.

Thermal insulation (2000-2200°C): Keep warm for 1-2 hours to optimize the crystal structure and
enhance the compactness and thermal stability of the electrode.

Sintering parameters
Temperature: The sintering temperature needs to be optimized according to the electrode grade, and
WZS8 (high zirconia content) needs to be at a higher temperature (2000-2200°C) to ensure uniform
distribution of zirconia particles.
Atmosphere: Vacuum sintering needs to maintain a vacuum degree of <10 Pa, and hydrogen
sintering needs to control the hydrogen gas flow rate (10-50 L/min) to maintain the reducing
atmosphere.
Heating rate: usually 5-10°C/min to avoid cracking of the billet due to rapid heating.
Cooling rate: controlled at 20-50°C/h to prevent internal stress accumulation.
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Sintering effect
The sintering density of high-quality zirconium tungsten electrode can reach 95%—98% theoretical
density, and the porosity < 0.5%. Zirconia particles form a stable dispersed phase during sintering,
inhibiting tungsten grain growth (grain size 10—20 pum). The sintered billet needs to be checked for
internal defects through X-ray inspection or ultrasonic inspection to ensure that there are no cracks

or pores.

Technological Advancements In recent years, advancements in high-temperature sintering
technology include:

Plasma Sintering (SPS): Rapid heating with high-voltage pulsed current (heating rate > 100°C/min)
to reduce sintering time and increase density.

Microwave Sintering: Utilizes microwave energy for uniform heating, reducing energy
consumption and improving microstructure.

Intelligent control: Computer control systems and sensors are used to monitor temperature,

atmosphere, and billet status in real time to optimize sintering parameters.

The optimization of high-temperature sintering technology significantly improves the performance
consistency and production efficiency of zirconium tungsten electrodes, providing reliable material
support for high-precision welding.

6.3 Precision machining technology of zirconium tungsten electrode

Precision machining technology is a critical step in processing sintered billets into electrode rods
that meet specifications, including processes such as drawing, extrusion, cutting, and grinding. The
goal of precision machining is to achieve high dimensional accuracy, surface finish, and
performance stability of electrodes.

Drawing Technique Drawing is the process of gradually stretching the sintered billet through a series
of molds to make a slender electrode rod. The drawing equipment is a multi-pass drawing machine,
and the mold material is usually carbide or diamond to withstand the high hardness of tungsten.
Drawing process parameters include:

Pull-out speed: 0.1-1 m/min, too fast may cause surface scratches or internal micro-cracks.

Mold design: The mold hole size is gradually reduced (5%—10% each time), and the billet diameter
is reduced from 10-20 mm to 1.0-6.4 mm in total passes 10-20 times.

Lubricants: Use graphite or molybdenum disulfide lubricants to reduce mold wear and electrode
surface defects.

The diameter tolerance of the drawn electrode should be controlled at £0.05 mm, and the surface
roughness should be Ra<0.8 um. Modern drawing technology employs servo control systems to
precisely adjust the pulling speed and tension, improving machining consistency.

Extrusion Technology Extrusion is an alternative to drawing and is suitable for the production of
large diameter electrodes (>6 mm). The extrusion equipment is a high-temperature hydraulic
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extrusion machine, and the billet is extruded and formed by a die at 1200-1500°C. The advantage
of the extrusion process is that there are fewer processing passes, but the high temperature resistance
of the mold is higher. The extruded electrode needs to be heat treated to eliminate internal stress.

Cutting technology Cutting is used to cut long electrode rods after drawing or extruded into standard
lengths (e.g. 150 mm, 175 mm). Commonly used equipment includes wire cutting machines or laser
cutting machines, and the cutting accuracy needs to be controlled at £1 mm. Use a coolant (such as
water or oil) during the cutting process to prevent the electrode from overheating.

Grinding technology grinding is used to improve the finish and tip geometry of the electrode surface.
Common equipment includes CNC grinding machines with a grinding medium of alumina or
diamond suspension. The tip grinding angle (30°-60°) is optimized according to welding needs, and
AC welding is usually obtuse (45°-60°) to improve arc stability. The surface roughness of the
polished electrode was Ra<0.4 um.

Technological Advancements Recent developments in precision machining technology include:
Laser processing: Laser cutting and polishing technology is used to achieve nanoscale surface finish
and high-precision dimensional control.

CNC Machining: Uses a five-axis CNC machine to machine complex electrode shapes for special
welding needs.

Surface modification: Improve surface resistance through ion beam polishing or plasma treatment.

Advancements in precision machining technology have significantly improved the dimensional
accuracy and performance stability of zirconium tungsten electrodes, meeting the application needs
of high-demand fields such as aerospace and nuclear industry.

6.4 Automation and intelligent production technology of zirconium tungsten electrodes
Automation and intelligent production technology is the future direction of zirconium tungsten
electrode manufacturing, improving production efficiency, quality consistency and process
controllability through the introduction of automation equipment, industrial Internet of Things and
artificial intelligence technology.

Automated production automation technology covers all aspects of zirconium tungsten electrode
production, including:

Raw Material Handling: Automated weighing and mixing equipment, such as robotic batching
systems, ensures precise raw material ratios, reducing human error.

Pressing and forming: Automatic cold isostatic press controls pressure and holding time through
PLC (Programmable Logic Controller) to improve billet consistency.

Sintering: Automated sintering furnaces are equipped with temperature and atmosphere sensors to
adjust process parameters in real-time.

Processing and Inspection: Automated drawing machines and CNC cutting machines achieve high-
precision processing, and online inspection equipment (such as laser rangefinders, X-ray detectors)
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monitor electrode quality in real time.

Typical configurations of automated production lines include SCADA (Data Acquisition and
Monitoring System) and MES (Manufacturing Execution System) to enable full-process monitoring
and optimization through data integration.

Intelligent production
Intelligent production further improves production efficiency and quality through artificial
intelligence and big data analysis:

Process Optimization: Machine learning algorithms are used to analyze historical production data
to predict optimal mixing, sintering, and processing parameters. For example, the sintering
temperature is optimized through the neural network model, reducing energy consumption by 10%—
15%.

Quality prediction: Al-based image recognition technology analyzes SEM images to predict the
uniformity and defect rate of electrode microstructure.

Fault Diagnosis: Monitor device status through IoT sensors, predict potential failures, and
implement preventive maintenance to reduce downtime.

Supply Chain Management: Intelligent systems integrate raw material procurement, production
planning, and inventory management through ERP (Enterprise Resource Planning) to improve
production efficiency.

The application of automation and intelligent production technology has significantly reduced
production costs and improved the performance consistency and market competitiveness of

zirconium tungsten electrodes.

6.5 Green production and environmental protection technology of zirconium tungsten
electrodes

Green production and environmental protection technology are important development directions
for zirconium tungsten electrode manufacturing, aiming to reduce energy consumption, waste

emissions and environmental pollution, and meet the requirements of sustainable development.

Energy optimization

Efficient sintering: Microwave sintering or plasma sintering technology is used to shorten the
sintering time (2—4 hours) and reduce energy consumption by 20%—30%.

Waste heat recovery: Utilize waste heat from sintering furnaces and heat treatment furnaces to
provide energy for other processes, such as drying or preheating, improving energy utilization.
Renewable energy: Some production companies use solar or wind energy to power and reduce

carbon emissions.

Scrap recycling
Tungsten powder recycling: Tungsten waste in production is recovered through chemical
purification and reduction processes, with a recovery rate of more than 90%.
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Zirconia Reuse: The zirconia dust generated during the grinding and cutting process is collected and
repurified for the next batch of production.
Wastewater treatment: The wastewater generated during wet doping and cleaning is filtered and
chemically treated to remove heavy metals to meet discharge standards.

Environmentally friendly process

Low pollution doping: use solvent-free wet doping or chemical co-precipitation method to reduce
the use of organic solvents.

Dust-free production: Dust emissions (< 10 mg/m?) are controlled using closed equipment and
efficient dust removal systems in the mixing and grinding process.

Green packaging: Use recyclable materials (such as paper or degradable plastic) to package
electrodes to reduce plastic pollution.

Regulatory Compliance The production of zirconium tungsten electrodes must comply with
international and domestic environmental regulations, such as the EU REACH regulation and
China's Environmental Protection Law. Manufacturers need to conduct regular environmental
impact assessments to ensure that exhaust gas, wastewater and solid waste treatment meets

standards.

The application of green production technology not only reduces environmental impact, but also
improves corporate social responsibility and market competitiveness. For example, zirconium
tungsten electrodes made of green manufacturing are more popular in the European and American

markets, meeting customer needs for environmentally friendly products.

6.6 Common problems and solutions in production

The production process of zirconium tungsten electrodes can encounter a variety of problems,
including uneven doping, sintering defects, processing cracks, and unstable performance. The
following analysis common problems and their solutions:

Problem 1: Uneven doping

Phenomenon: Zirconia particles are unevenly distributed in the tungsten matrix, leading to
inconsistent electrode performance, arc drift, or ignition difficulties.

Causes: Insufficient mixing time, large particle size differences, or insufficient equipment
performance.

Solution:

Extended mixing time (4—6 hours) and increased mixing speed (500-1000 rpm).

Improve uniformity using nanoscale zirconia (<100 nm) or wet doping.

The doping effect was detected by online particle size analyzer and SEM, and the process parameters
were adjusted.

Problem 2: Sintering defects (such as pores or cracks)
Phenomenon: Pores or cracks appear inside the sintered billet, reducing electrode density and
mechanical strength.
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Causes: The sintering temperature is too high/too low, the heating rate is too fast, or the atmosphere
is not properly controlled.
Solution:
Optimize the sintering curve to control the heating rate (5—10°C/min) and holding time (1-2 hours).
Increased vacuum (<1073 Pa) or hydrogen purity (>99.999%).
Use X-ray or ultrasound to detect billet defects and eliminate non-conforming products.

Problem 3: Processing cracks

Phenomenon: Microcracks appear on the surface or inside the electrode during drawing or cutting,
affecting performance and longevity.

Cause: Drawing speed is too fast, mold wear or internal stress is not eliminated.

Solution:

Reduce the pulling speed (0.1-0.5 m/min) and change the mold regularly.

Heat treatment and annealing steps are added to eliminate internal stress (annealing temperature
1200-1400°C).

Laser cutting is used instead of mechanical cutting, reducing stress concentrations.

Problem 4: Unstable performance

Phenomenon: The arc of the electrode is unstable or the life is shortened during welding.

Reasons: Excessive impurities of raw materials, uneven microstructure or poor surface quality.
Solution:

Strengthen the detection of raw materials, and use ICP-MS to control the impurity content
(<0.005%).

Optimize the doping and sintering process to ensure uniform zirconia distribution and grain size
control (10-20 pm).

Improved surface polishing accuracy (Ra<0.4 pm) and reduced contaminant adhesion.

Question 5: Environmental protection issues

Phenomenon: Excessive emissions of exhaust gas, wastewater, or dust during the production process,
affecting compliance.

Causes: Inefficient dust removal equipment, improper wastewater treatment, or high energy
consumption.

Solution:

Install a high-efficiency dust collection system (e.g. HEPA filter) to control dust emissions < 10
mg/m?.

Closed-cycle wastewater treatment system is used to recover heavy metals and chemicals.

Reduce energy consumption using microwave sintering or renewable energy.

Through systematic process optimization and quality control, the above problems can be effectively
solved, ensuring the high performance and production efficiency of zirconium tungsten electrodes.
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Chapter 7 Uses of Zirconium Tungsten Electrodes

Zirconium tungsten electrodes have a wide range of applications in modern industry due to their
excellent arc stability, ignition performance, burnout resistance, and pollution resistance. Zirconium
tungsten electrode is mainly used in tungsten inert gas shield welding (TIG welding), plasma cutting,
plasma spraying and other processes, especially in alternating current (AC) welding, suitable for the
processing of light metals such as aluminum and magnesium and their alloys. In addition, its
applications in high-precision fields such as aerospace, nuclear industry, medical equipment
manufacturing, and special environments are also increasing. This chapter will explore in detail the
various uses of zirconium tungsten electrodes, analyze their specific performance in different
processes and industries, and provide an in-depth analysis of alternatives and competitive
landscapes to comprehensively demonstrate their importance in modern industry.

7.1 Application of zirconium tungsten electrode in TIG welding

Tungsten Inert Gas Welding (TIG Welding) is the most important application field for zirconium
tungsten electrodes. TIG welding is widely used in industrial scenarios that require high-quality
welds, such as aerospace, automobile manufacturing, shipbuilding industry, and precision
instrument manufacturing, due to its high precision, no spatter, and excellent weld quality.
Zirconium tungsten electrodes are particularly suitable for welding materials such as aluminum,
magnesium alloys, and stainless steel due to their excellent performance in AC welding, making
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them one of the preferred electrodes in TIG welding.

7.1.1 Aluminum and aluminum alloy welding

Aluminum and aluminum alloys are widely used in aerospace, automobile manufacturing,
shipbuilding industry, and construction industries due to their light weight, high strength/weight
ratio, good thermal conductivity, and corrosion resistance. However, aluminum welding presents
significant technical challenges, primarily due to the formation of an alumina (Al-Os) film on its
surface. The melting point of alumina is as high as 2050°C, which is much higher than that of
aluminum (about 660°C), and has high chemical stability, which can easily lead to defects such as
arc instability, weld porosity, or non-fusion. Zirconium tungsten electrodes exhibit excellent
performance in AC TIG welding of aluminum and aluminum alloys, and their advantages are
reflected in the following aspects:

Arc stability: The zirconium tungsten electrode reduces the electron escape work (about 2.7-3.0 eV,
significantly lower than the 4.5 eV of pure tungsten) doped with zirconia (ZrO:), so that the arc
remains stable during AC positive and negative semi-circumferential switching. The positive half-
circumference of AC welding (the electrode is the anode) has a "cleaning effect” that effectively
removes the oxide film from the aluminum surface, while the arc concentration of the zirconium
tungsten electrode ensures the quality of the weld. WZ8 electrode (containing 0.7%—-0.9% ZrO-)
can form a conical arc at high current (150—400 A), which is suitable for welding thick aluminum
alloys (such as 5xxx, 6xxx series, thickness > 5 mm); The WZ3 electrode with 0.15%-0.4% ZrO-
is better suited for low to medium currents (50—150 A) for sheet welding (< 3 mm thick).

Ignition performance: The low electron escape power of zirconium tungsten electrodes allows them
to ignite quickly in high-frequency AC arcs, and the ignition voltage is usually less than 50 V,
significantly reducing the probability of ignition failure. This is especially important for automated
TIG welding, which increases productivity and reduces equipment losses. For example, when
welding aluminum alloy sheets, the rapid ignition of the WZ3 electrode avoids local overheating
caused by multiple ignitions.

Burn resistance ability: The high melting point of the zirconium tungsten electrode (about 3422°C,
close to pure tungsten) and the dispersed phase protection of zirconia allow it to maintain the tip
shape in high-temperature arcs (above 6000°C) and reduce burnout. The lifespan of WZ8 electrodes
can reach 2-3 times that of pure tungsten electrodes during long-term welding at high currents,
significantly reducing the frequency of electrode replacement and production costs.

Anti-contamination ability: In aluminum alloy welding, aluminum oxides and other volatile
impurities are easy to adhere to the electrode tip, leading to arc instability. The chemical stability of
zirconium tungsten electrodes makes their surfaces less prone to reacting with oxides, keeping the
arc clean and reducing weld defects. WZ8 electrodes can maintain stable performance in high

humidity or complex environments.
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Application Cases:
Automotive industry: Aluminum alloys (such as 5083, 6061) are widely used in the manufacturing
of new energy vehicles and lightweight vehicles, including body frames and battery housings. The
zirconium tungsten electrode (WZ8) ensures high-strength, defect-free welds in TIG welding. For
example, the aluminum alloy body welding of the Tesla Model Y uses WZ8 electrodes, which
significantly improves production efficiency and weld quality.
Marine industry: Aluminum alloy hulls (such as 5083-H116) need to be resistant to seawater
corrosion, and TIG welding requires high-quality welds to ensure structural strength. The anti-
pollution ability of zirconium tungsten electrodes makes them excellent in high-humidity, salty
environments, and are widely used in the manufacture of luxury yachts and military ships.
Aerospace: Aluminum alloys (e.g., 7075, 2024) are used in aircraft fuselage and wing structures,
requiring extremely high weld strength and surface quality. Zirconium tungsten electrodes (WZ8)
are widely used in the welding of aluminum alloy components in the Boeing 787 and Airbus A350,
and their arc stability and burnout resistance meet the demanding requirements of the aerospace
sector.
Architecture and Decoration: Aluminum alloy curtain walls and structural components (such as
6063 alloy) are widely used in modern construction, and zirconium tungsten electrode (WZ3) is
used for thin plate welding, ensuring aesthetically pleasing and spatter-free welds.

Process parameters:

Current type: Alternating current (AC), square wave AC can further optimize arc stability.

Current range: 50—150 A (WZ3, sheet) or 150400 A (WZ3, plate).

Electrode diameter: 1.6-2.4 mm (thin plate) or 2.4-3.2 mm (thick plate).

Tip angle: 45°—60° to optimize arc concentration.

Shielding gas: high-purity argon (>99.99%) or argon-helium mixture (70% argon + 30% helium),
flow rate 10-20 L/min.

Welding speed: 0.1-0.5 m/min, depending on material thickness and equipment adjustment.

Aluminum and aluminum alloy welding is the core application field of zirconium tungsten
electrodes, and its excellent performance significantly improves weld quality and production
efficiency.

7.1.2 Stainless steel and magnesium alloy welding

Stainless steel and magnesium alloys are common materials for TIG welding and are widely used
in the medical device, chemical, aerospace, and automotive industries. Zirconium tungsten
electrodes exhibit good adaptability in AC and direct current (DC) welding of these materials,
especially in AC welding.

Stainless steel welded stainless steel (such as 304, 316L, 430) is widely used in food processing
equipment, medical devices, chemical pipelines, and building structures due to its excellent
corrosion resistance and mechanical properties. Zirconium tungsten electrodes offer the following
advantages in TIG welding of stainless steel, especially AC welding:
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Arc Stability: Zirconium tungsten electrodes provide a stable arc in AC welding, reducing porosity,
cracks, and oxide inclusions in the weld. The cleaning action of the AC positive half-circumference
can effectively remove chromium oxide (Cr20s) and other impurities from the stainless steel surface,
ensuring that the weld is clean. The WZ3 electrode is suitable for low to medium currents (50-150
A) for precision welding of thin sheets of stainless steel (e.g., < 2 mm thick); The WZ8 electrode is
suitable for high currents (150-300 A) for thick plate welding.

Ignition Performance: The low ignition voltage and fast ignition characteristics of zirconium
tungsten electrodes reduce arc interruptions during welding, especially in high-frequency AC
welding. This is crucial for automated welding lines, such as stainless steel pipe production.

Anti-contamination ability: Chromium oxides or other volatile impurities may be produced in
stainless steel welding, and the chemical stability of zirconium tungsten electrode makes its surface
less susceptible to contamination and maintains arc stability. WZ8 electrodes maintain performance

in complex environments such as high humidity or oily environments.

Burn resistance ability: Zirconium tungsten electrodes can withstand high-temperature shocks of
positive half a circumference in AC welding, reducing tip burnout and extending service life. For
example, WZ8 electrodes can last more than twice as long as pure tungsten electrodes in continuous
welding.

Application Cases:

Medical Devices: 316L stainless steel is used in the manufacturing of surgical instruments and
implants, requiring smooth welds and no spatter. The zirconium tungsten electrode (WZ3) ensures
high precision and quality welds in TIG welding, meeting the stringent hygiene standards of the
medical industry.

Chemical industry: 304 stainless steel pipes are used to convey corrosive liquids, and zirconium
tungsten electrode (WZ8) provides stable arcing and anti-fouling properties in thick-walled pipe
welding, ensuring weld corrosion resistance.

Food processing: Stainless steel containers (such as storage tanks and agitators) need to meet food
safety standards, and the anti-contamination ability of zirconium tungsten electrodes avoids weld

contamination and improves production efficiency.

Magnesium Alloys Welding Magnesium alloys (e.g., AZ31, AZ91, WE43) are increasingly used in
the aerospace, automotive, and electronics industries due to their extremely low density
(approximately 1.74 g/cm?®) and high strength/weight ratio. However, magnesium alloys' low
melting point (about 650°C), high chemical activity, and easy formation of magnesium oxide (MgO,
melting point about 2852°C) films make them difficult to weld. Zirconium tungsten electrodes excel
in AC TIG welding of magnesium alloys:

Arc Control: The concentrated arc of zirconium tungsten electrodes allows for precise control of
heat input, avoiding overheating or burn-through of magnesium alloys. The WZ3 electrode is
suitable for thin sheets of magnesium alloy (<3 mm thick) and the WZ8 electrode is suitable for
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thick plates (>5 mm thick) or high current (150-250 A) welding.
Oxidation Resistance: Zirconium tungsten electrodes resist magnesium oxide contamination and
maintain arc stability in magnesium alloy welding. Its surface finish (Ra<0.4 pm) further reduces
contaminant attachment.
Ignition performance: Zirconium tungsten electrodes ignite quickly in high-frequency AC arcs,
reducing weld defects caused by ignition difficulties, especially suitable for automated welding.
Burnout resistance: The high burn-out resistance of zirconium tungsten electrodes allows them to
withstand the high-temperature environment of magnesium alloy welding in AC welding, extending
the electrode life.

Application Cases:

Aerospace: Magnesium alloys are used to create satellite structural parts, drone frames, and
helicopter components. The zirconium tungsten electrode (WZ8) ensures high-strength, defect-free
welds in TIG welding. For example, some structural parts of SpaceX's Starship rocket are welded
with magnesium alloy, and zirconium tungsten electrodes are a common choice.

Automotive industry: Magnesium wheels and suspension components are used in lightweight
automotive designs, and zirconium tungsten electrodes (WZ3) provide high-quality welds in sheet
welding.

Electronics Industry: Magnesium alloy enclosures are used in laptops and mobile phones, and

zirconium tungsten electrodes ensure aesthetics and structural strength in precision welding.

Process parameters:

Current type: Alternating current (AC) or direct current (DCEN, depending on material and
equipment requirements).

Current range: 50-150 A (WZ3, stainless steel/sheet magnesium alloy) or 150-300 A (WZ8, thick
plate).

Electrode diameter: 1.6-2.4 mm (thin plate) or 2.4-3.2 mm (thick plate).

Tip angle: 30°-60°, thin plate welding is biased towards an acute angle (30°-45°), thick plate is
biased towards an obtuse angle (45°-60°).

Shielding gas: argon or argon-helium mixture (70% argon + 30% helium), flow rate 12-20 L/min.
Welding speed: 0.1-0.4 m/min, depending on material thickness and process optimization.

The excellent properties of zirconium tungsten electrodes in stainless steel and magnesium alloy
welding make them an important position in the welding of high-precision and complex materials,
meeting the stringent requirements of various industrial fields.

7.2 Application of zirconium tungsten electrode in plasma cutting and spraying

Plasma cutting and plasma spraying are important application areas for zirconium tungsten
electrodes, involving the generation and control of high-temperature plasma arcs. Zirconium
tungsten electrodes are ideal for these high-strength processes due to their high resistance to burnout,

arc stability, and resistance to contamination.
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Plasma cutting
Plasma cutting uses a high-temperature plasma arc (temperature can reach more than 20,000°C) to
melt and blow away metal materials, widely used in the cutting of steel, aluminum alloys, stainless
steel and copper alloys, suitable for shipbuilding, construction, automobile manufacturing and
heavy machinery industries. The zirconium tungsten electrode acts as a cathode in plasma cutting,
providing a stable plasma arc with performance benefits such as:

Arc stability: The zirconium tungsten electrode (WZ38) is able to form a stable plasma arc at high
currents (100-500 A), reducing arc column drift and ensuring a flat cut edge (roughness Ra<25 pum).
Its arc concentration is suitable for cutting thick plates (20—50 mm thick) or complex shapes.

Burn resistance: The high melting point of zirconium tungsten electrodes and the protective effect
of zirconia allow them to maintain the tip shape in high-temperature plasma environments, reducing
burnout damage. The WZ8 electrode can last up to 2—3 times longer than pure tungsten electrodes,
reducing production costs.

Contamination resistance: During plasma cutting, metal vapors and oxides can contaminate the
electrode tip. The chemical stability of zirconium tungsten electrodes makes their surface less prone
to contaminants and maintains the stability of the plasma arc.

Application Cases:

Shipbuilding industry: Zirconium tungsten electrodes are used to cut hull steel plates (e.g., AH36,
DH36, thickness 30-50 mm), ensuring high precision and efficient production. For example,
Hyundai Heavy Industries' shipyard uses WZ8 electrodes for plasma cutting, improving cutting
speed and quality.

Automotive manufacturing: Plasma cutting of aluminum body components such as alloy 6061
requires high precision, and the zirconium tungsten electrode (WZ3) provides a stable arc at low to
moderate currents (100-200 A).

Construction industry: Zirconium tungsten electrodes are used for the cutting of steel structure
beams and columns, ensuring smooth cutting surfaces and reducing subsequent processing.

Process parameters:

Current Type: Direct Current (DCEN).

Current range: 100-500 A, depending on material thickness and equipment adjustment.

Electrode diameter: 2.4-4.0 mm.

Shielding gas: argon, nitrogen or argon-hydrogen mixture (95% argon + 5% hydrogen), flow rate
20-30 L/min.

Nozzle design: Zirconium tungsten electrodes need to be paired with highly heat-resistant nozzles

(such as zirconia ceramics) to ensure plasma arc concentration.

Plasma spraying
Plasma spraying melts and sprays powdered materials (such as zirconia, alumina) onto the surface

of the substrate through a high-temperature plasma arc (temperature 10,000-20,000°C) to form a
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wear-resistant, high-temperature, or corrosion-resistant coating, widely used in aero engines, gas
turbines, and medical implant manufacturing. Zirconium tungsten electrodes act as cathodes in
plasma spraying, providing a stable plasma arc with performance benefits including:

Arc stability: WZ8 electrodes are capable of forming uniform plasma arcs at high currents (300—
600 A), ensuring consistent coating thickness (typically 0.1-1 mm) and uniform structure.

Burnout resistance: Zirconium tungsten electrodes can withstand long hours of operation in high-
temperature plasma environments, reducing tip burnout and electrode replacement frequency. For
example, the WZS8 electrode can last more than 100 hours in continuous spraying.

Contamination resistance: In plasma spraying, powdered materials such as zirconia particles may
adhere to the electrode tip. The surface finish and chemical stability of zirconium tungsten
electrodes reduce contamination effects and maintain spray quality.

Application Cases:

Aerospace: Zirconium tungsten electrodes are used to spray ceramic coatings (such as zirconia) onto
turbine blade surfaces to improve high-temperature resistance. For example, the turbo blade
spraying of GE aero engines uses WZ8 electrodes to ensure coating uniformity and durability.
Energy Industry: Zirconium tungsten electrodes are used to spray wear-resistant coatings onto boiler
pipes or gas turbine components, extending equipment life.

Medical Industry: Zirconium tungsten electrodes are used to spray biocompatible coatings (such as
hydroxyapatite) onto orthopedic implant surfaces, improving their corrosion resistance and
biocompatibility.

Process parameters:

Current Type: Direct Current (DCEN).

Current range: 300-600 A.

Electrode diameter: 3.2—4.8 mm.

Shielding gas: argon or argon-helium mixture (70% argon + 30% helium), flow rate 30—50 L/min.
Powder material: zirconia, alumina or metal alloy powder with a particle size of 20—-100 pm.

The excellent performance of zirconium tungsten electrodes in plasma cutting and spraying makes
them indispensable materials for high-strength and high-precision processes, driving technological
progress and efficiency improvement in related industries.

7.3 Other industrial applications of zirconium tungsten electrodes

The applications of zirconium tungsten electrodes are not limited to TIG welding and plasma
processes, but also play an important role in high-tech fields such as aerospace, nuclear industry,
and medical device manufacturing. These fields have extremely high performance requirements,
and zirconium tungsten electrodes are widely used due to their high reliability, burn-out resistance,

and anti-contamination capabilities.

Copyright and Legal Liability Statement
Copyright© 2025 CTIA All Rights Reserved Tel: 0086 592 512 9696
Standard document version number CTIAQCD -MA-E/P 2024 version CTIAQCD -MA-E/P 2018- 2025V
Www.ctia.com.cn sales@chinatungsten.com
Page 52 of 105



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

1-' CTIA GROUP LTD
ClNQOuugme gaiD #ERAR
CTIA GROUPLTD

Zirconium Tungsten Electrode Introduction

1. Overview of Zirconium Tungsten Electrode

Zirconium tungsten electrode is a non-radioactive welding electrode made by doping a small amount
of zirconium oxide (ZrO2) into a high-purity tungsten base. It is specifically optimized for AC TIG
(Tungsten Inert Gas) welding. Its excellent arc stability and outstanding resistance to contamination
make it the preferred choice for welding aluminum, magnesium, and their alloys.

2. Types of Zirconium Tungsten Electrode

Grade Tip Color = ZrO2 Content (wt.%)  Characteristics & Applications
Ideal for low to medium intensity AC
WZ3 Brown 02-04 ) )
welding; cost-effective
Industry-standard grade with excellent overall

WZ38 White 0.7-0.9
performance

3. Standard Sizes & Packaging of Zirconium Tungsten Electrode

Diameter (mm) Length (mm) Regular Coloring Packing:
1.0 150/ 175 Black / Gold / Blue 10 pcs/box
1.6 150/ 175 Black / Gold / Blue  10pcs/box
2.0 150/ 175 Black / Gold / Blue  10pcs/box
2.4 150/ 175 Black / Gold / Blue  10pcs/box
3.2 150/ 175 Black / Gold / Blue  10pcs/box
4.0 150/ 175 Black / Gold / Blue  10pcs/box
Remark The sizes can be customized

4. Applications of Zirconium Tungsten Electrode
Welding of aluminum and aluminum alloys: such as doors, windows, frames, and automotive
body structures
Welding of magnesium and magnesium alloys: widely used in aerospace lightweight
components
AC welding of stainless steel (under specific low-current conditions)
Precision welding in aerospace, rail transit, pressure vessels, etc.

Used in automated welding systems and robotic torch assemblies

5. Procurement Information

Email: sales@chinatungsten.com
Phone: +86 592 5129595; 592 5129696
Website: www.tungsten.com.cn
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7.3.1 Aerospace
The aerospace sector has extremely stringent requirements for materials and welding processes,
involving high-strength, lightweight materials (e.g., aluminum alloys, magnesium alloys, titanium
alloys) and complex structures (e.g., aircraft fuselage, engine components). Zirconium tungsten
electrodes have important applications in TIG welding and plasma spraying in the aerospace sector,

with advantages including:

High-precision welding: Aerospace components (such as the aluminum alloy fuselage of the Boeing
787 and the magnesium alloy structural parts of the Airbus A350) require defect-free welds and high
strength. Zirconium tungsten electrode (WZ8) provides stable arcing and anti-contamination ability
in AC TIG welding, ensuring weld quality. For example, in the Boeing 737's wing aluminum alloy
skin welding, the WZ8 electrode can withstand high currents (200—300 A) and maintain arc stability.
Plasma Spraying: Aero engine turbine blades need to be sprayed with high-temperature resistant
ceramic coatings (such as zirconia or yttrium oxide), and zirconium tungsten electrodes provide a
stable plasma arc in plasma spraying, ensuring coating uniformity and adhesion. For example, the
blade spraying of Rolls-Royce Trent XWB engines is widely using WZ8 electrodes.

Lightweight Materials: Magnesium and aluminum alloys are increasingly used in aerospace, and
the anti-contamination capabilities and arc control properties of zirconium tungsten electrodes make
them excellent in welding these materials. For example, SpaceX's Starship rocket uses magnesium
alloy structural parts, and zirconium tungsten electrodes ensure high-quality welds in TIG welding.

Application Cases:

Aircraft Manufacturing: Zirconium tungsten electrodes are used in aluminum alloy fuselage and
wing welding in Boeing and Airbus aircraft, ensuring structural strength and corrosion resistance.
Rocket manufacturing: Zirconium tungsten electrodes are widely used in the welding of rocket
components for SpaceX and Blue Origin, meeting the requirements of high reliability and
lightweight.

Satellite manufacturing: Zirconium tungsten electrodes are used to weld the magnesium alloy frame
of satellites and the ceramic coating of plasma spraying antenna reflectors.

7.3.2 Nuclear Industry

The nuclear industry places extremely high demands on materials and welding processes, involving
high temperatures, high radiation and highly corrosive environments. Zirconium tungsten electrodes
have important applications in welding and plasma spraying of nuclear reactor components, and
their advantages include:

Corrosion resistance: Nuclear reactor pressure vessels and pipelines often use stainless steel or
zirconium alloys, and zirconium tungsten electrodes can resist oxide contamination in corrosive
environments and maintain arc stability in TIG welding. For example, the WZ8 electrode provides
high-quality welds in the welding of 316L stainless steel pressure vessels.

High reliability: The nuclear industry requires no defects and cracks in welds, and the arc stability

and burn-out resistance of zirconium tungsten electrodes meet these requirements.
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Plasma Spraying: Shielding materials and high-temperature components of nuclear reactors need to
be coated with ceramic coatings, and zirconium tungsten electrodes ensure coating uniformity and
durability in plasma spraying.

Application Cases:

Reactor Components: Zirconium tungsten electrodes are used to weld the zirconium alloy fuel rod
housing and stainless steel cooling pipes of nuclear reactors, ensuring long-term reliability.
Shielding Materials: Zirconium tungsten electrodes are used in plasma spraying to create ceramic
shielding coatings for nuclear reactors, improving high temperature resistance and radiation
resistance.

Nuclear Waste Handling: Zirconium tungsten electrodes are used to weld the stainless steel casing

of nuclear waste storage containers, ensuring tightness and corrosion resistance.

7.3.3 Medical Device Manufacturing

Medical device manufacturing places extreme demands on welding processes, involving high
precision, contamination-free, and biocompatibility. Zirconium tungsten electrodes excel in TIG
welding and plasma spraying in medical device manufacturing, with advantages including:

High-Precision Welding: Medical devices (such as surgical instruments, implants) often use 316L
stainless steel or titanium alloy, and the zirconium tungsten electrode (WZ3) provides stable arcing
and spatter-free welds in sheet welding, ensuring smooth surfaces and hygienic standards. For
example, the titanium housing of a pacemaker is welded with WZ3 electrodes.

Anti-contamination ability: Medical equipment welding requires the weld to be free of impurities
and oxides, and the anti-pollution ability of zirconium tungsten electrode avoids the contamination
of the weld by pollutants and meets strict medical standards.

Plasma Spraying: Zirconium tungsten electrodes are used to spray biocompatible coatings (such as
hydroxyapatite) for orthopedic implants, ensuring uniformity and biocompatibility of the coating.
For example, the spraying process for hip implants uses WZ8 electrodes.

Application Cases:

Surgical Instruments: Zirconium tungsten electrodes are used to weld stainless steel scalpels and
forceps, ensuring smooth and non-toxic welds.

Implants: Zirconium tungsten electrodes provide high precision and reliability in welding and
plasma spraying of titanium bone implants.

Diagnostic equipment: Zirconium tungsten electrodes are used for stainless steel housing welding
for X-ray machines and CT scanners, ensuring structural strength and corrosion resistance.

7.4 Application of zirconium tungsten electrode in special environments

The application of zirconium tungsten electrodes in special environments, such as high humidity,
high temperatures, high radiation, or environments containing corrosive gases, demonstrates their
exceptional adaptability and reliability. These environments place higher demands on the electrode's

anti-contamination, burn-out, and chemical stability.
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High Humidity Environments: In marine engineering and shipbuilding, welding environments can
have high humidity (>80%) and salt spray. The resistance to contamination and chemical stability
of zirconium tungsten electrodes allow them to maintain arc stability in these environments. For
example, WZ8 electrodes excel in TIG welding of aluminum alloy structures on offshore platforms,
resisting corrosion from seawater salt spray.
High-temperature environment: The high-temperature environment (>10,000°C) in plasma cutting
and spraying places extremely high demands on the electrode's resistance to burnout. The zirconia
protective layer of the zirconium tungsten electrode (WZ8) can effectively reduce tip burnout and
extend the service life. For example, in gas turbine blade spraying, the WZ8 electrode works in a
high-temperature plasma arc for more than 100 hours.
High Radiation Environments: Welding and spraying processes in the nuclear industry may involve
high radiation environments, and the non-radioactivity and high reliability of zirconium tungsten
electrodes make them ideal choices. For example, WZ8 electrodes are able to withstand the effects
of radiation environments in the spraying of nuclear reactor shielding materials.
Corrosive Gas Environments: Welding in the chemical industry may involve chlorine-containing or
sulfide-containing environments, and the chemical stability of zirconium tungsten electrodes makes
them resistant to corrosive gases. For example, the WZ3 electrode maintains stable arc performance
in stainless steel welding of chlorine pipes.

Process Optimization:

Protective gas: In special environments, use high-purity argon or argon-helium mixtures (flow rate
15-25 L/min) for enhanced electrode protection.

Electrode selection: WZS8 is preferred for high-current, high-intensity environments, and WZ3 is
selected for low-current or thin plate welding.

Tip design: In special environments, obtuse angle tips (45°—60°) can be used to improve arc stability.

The excellent performance of zirconium tungsten electrodes in special environments makes them

irreplaceable in industrial applications under extreme conditions.

7.5 Alternatives and Competitive Analysis of Zirconium Tungsten Electrodes

Although zirconium tungsten electrodes offer significant advantages in TIG welding and plasma
processes, other types of tungsten electrodes and alternative materials also compete in specific
scenarios. The following is an analysis of the alternatives to zirconium tungsten electrodes, their
advantages and disadvantages, as well as the market competition situation:

Alternative analysis

Pure Tungsten Electrode (WP)
Advantages: Pure tungsten electrodes are non-doping, non-radioactive, and have high chemical
stability, making them suitable for low-current direct current (DC) welding.
Disadvantages: poor arc stability, weak ignition performance, serious tip burnout, and short life in
AC welding. Pure tungsten electrodes perform far less than zirconium tungsten electrodes in
aluminum alloy welding.
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Applicable scenarios: Low-current DC welding (such as small stainless steel components), not
suitable for high-precision or AC welding.

Thorium Tungsten Electrode (WT20, containing 1.5%-2.0% ThO:).

Advantages: Excellent ignition performance, good arc stability, suitable for DC welding, widely
used in carbon steel and stainless steel welding.

Disadvantages: Thorium oxide is slightly radioactive and poses potential risks to health and the
environment; In AC welding, the arc concentration is not as good as that of zirconium tungsten
electrodes.

Applicable scenarios: DC welding high-strength steel, but it is gradually replaced in areas with strict

environmental protection requirements.

Cerium Tungsten Electrode (WC20, containing 2.0% CeOQ-)

Advantages: Good ignition performance, non-radioactivity, suitable for low-current DC and AC
welding, low cost.

Disadvantages: In high-current AC welding, the arc stability is slightly inferior to that of zirconium
tungsten electrodes, and the service life is shorter.

Applications: Small to medium-sized welding tasks, suitable for cost-sensitive applications.

Lanthanum Tungsten Electrodes (WL15, WL20, containing 1.0%—-2.0% La:05)

Advantages: excellent ignition performance, long life, suitable for DC and AC welding, strong
comprehensive performance.

Disadvantages: In high-current AC welding, the arc concentration is slightly inferior to that of
zirconium tungsten electrodes, and the cost is higher.

Applicable scenarios: General welding tasks, especially excellent performance in DC welding.

New Composite Electrode

Description: In recent years, scientific research institutions have developed composite tungsten
electrodes doped with multiple oxides (such as La0s;+CeO:+ZrO2), aiming to combine the
advantages of various electrodes.

Advantages: Excellent overall performance, may surpass zirconium tungsten electrodes in specific
scenarios.

Disadvantages: The production process is complex, the cost is high, and large-scale industrialization
has not yet been achieved.

Applicable scenarios: experimental applications or high-end customized welding.

Competitive analysis

Market positioning: Zirconium tungsten electrodes have unique advantages in AC TIG welding
(especially aluminum and magnesium alloy welding) and plasma processes, and have a high market
share in the field of high-precision welding. WZS8 electrodes are virtually irreplaceable in the
aerospace and nuclear industries, while WZ3 electrodes are widely used in small and medium-sized
businesses due to their cost-effectiveness.

Environmental Protection Trends: With the strengthening of environmental regulations (such as the
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EU REACH regulation), thorium tungsten electrodes are gradually replaced by zirconium tungsten
electrodes and cerium tungsten electrodes due to radioactivity problems. The non-radioactivity and
anti-contamination ability of zirconium tungsten electrodes make them more competitive in the
European and American markets.
Cost and performance: The cost of zirconium tungsten electrodes is higher than that of pure tungsten
electrodes and cerium tungsten electrodes, but lower than that of lanthanum tungsten electrodes and
new composite electrodes. Its performance/cost ratio is advantageous in high-precision AC welding,
but may be replaced by cerium tungsten or lanthanum tungsten electrodes in low-current DC
welding.
Technological Advancements: The competitive pressure of zirconium tungsten electrodes is partly
due to the development of new composite electrodes and nanotechnology. For example, nanoscale
zirconia-doped zirconium tungsten electrodes are under development, which may further improve
performance, but the cost still needs to be optimized.
Regional Variations: In North America and Europe, zirconium tungsten electrodes dominate due to
their environmental friendliness and high performance; In China and other parts of Asia, cerium-
tungsten electrodes have a certain market share due to their low cost, but zirconium tungsten
electrodes still dominate in high-end applications.

Future trends

Performance optimization: Nano-doping and compound doping technologies are used to improve
the arc stability and lifetime of zirconium tungsten electrodes, enhancing their competitiveness in
high currents and special environments.

Green Manufacturing: Green technologies and scrap recycling in zirconium tungsten electrode
production will further enhance its market attractiveness.

Emerging Applications: With the development of new energy sources (wind energy, solar equipment)
and 3D printing technology, the potential applications of zirconium tungsten electrodes in these
fields will increase their market competitiveness.

Alternative challenges: The development of new composite electrodes and non-tungsten-based
electrodes (such as carbon-based electrodes) may form long-term competition for zirconium
tungsten electrodes, but zirconium tungsten electrodes will remain the first choice for high-precision
AC welding in the short term.

Zirconium tungsten electrodes occupy a significant position in the high-precision industrial sector
with their unique advantages in AC welding and plasma processes. Although it faces competition
from alternatives, its balance of performance, environmental friendliness and cost will keep it
competitive in the future.
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Chapter 8 Production Equipment for Zirconium Tungsten Electrodes

The production of zirconium tungsten electrodes is a high-precision, high-tech process that involves
multiple aspects from raw material processing to finished product processing. The performance of
production equipment directly affects the quality, performance consistency, and production
efficiency of zirconium tungsten electrodes. This chapter will explore in detail the various types of
equipment used in the production of zirconium tungsten electrodes, including raw material
processing equipment, pressing and forming equipment, sintering and heat treatment equipment,
precision processing equipment, quality testing equipment, and technical points for equipment
maintenance and optimization. The design, function, and operational requirements of each type of
equipment will be analyzed in conjunction with the production requirements of zirconium tungsten

electrodes to provide a comprehensive technical reference.

8.1 Raw material processing equipment for zirconium tungsten electrodes

Raw material treatment is the first step in the production of zirconium tungsten electrodes, involving
the grinding, mixing, screening, and grading of high-purity tungsten powder and zirconia (ZrO-)
powder. Raw material processing equipment needs to ensure uniform particle size, high doping
uniformity, and avoid impurity contamination to meet the strict chemical composition requirements

of zirconium tungsten electrodes (such as WZ3 and WZ8).
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Zirconium Tungsten Electrode Introduction

1. Overview of Zirconium Tungsten Electrode

Zirconium tungsten electrode is a non-radioactive welding electrode made by doping a small amount
of zirconium oxide (ZrO2) into a high-purity tungsten base. It is specifically optimized for AC TIG
(Tungsten Inert Gas) welding. Its excellent arc stability and outstanding resistance to contamination
make it the preferred choice for welding aluminum, magnesium, and their alloys.

2. Types of Zirconium Tungsten Electrode

Grade Tip Color = ZrO2 Content (wt.%)  Characteristics & Applications
Ideal for low to medium intensity AC
WZ3 Brown 02-04 ) )
welding; cost-effective
Industry-standard grade with excellent overall

WZ38 White 0.7-0.9
performance

3. Standard Sizes & Packaging of Zirconium Tungsten Electrode

Diameter (mm) Length (mm) Regular Coloring Packing:
1.0 150/ 175 Black / Gold / Blue 10 pcs/box
1.6 150/ 175 Black / Gold / Blue  10pcs/box
2.0 150/ 175 Black / Gold / Blue  10pcs/box
2.4 150/ 175 Black / Gold / Blue  10pcs/box
3.2 150/ 175 Black / Gold / Blue  10pcs/box
4.0 150/ 175 Black / Gold / Blue  10pcs/box
Remark The sizes can be customized

4. Applications of Zirconium Tungsten Electrode
Welding of aluminum and aluminum alloys: such as doors, windows, frames, and automotive
body structures
Welding of magnesium and magnesium alloys: widely used in aerospace lightweight
components
AC welding of stainless steel (under specific low-current conditions)
Precision welding in aerospace, rail transit, pressure vessels, etc.

Used in automated welding systems and robotic torch assemblies

5. Procurement Information

Email: sales@chinatungsten.com
Phone: +86 592 5129595; 592 5129696
Website: www.tungsten.com.cn
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8.1.1 Grinding and mixing equipment
Grinding equipment
Grinding equipment is used to refine the particle size of tungsten powder and zirconia powder,
optimizing its morphology and particle size distribution to improve subsequent mixing and sintering
results. Common grinding equipment includes:

Planetary Ball Mills: Planetary ball mills enable powder refinement through high-speed rotating
grinding tanks and grinding balls, such as zirconia balls or tungsten balls. Equipment features
include:

Capacity: 10-100 L, suitable for small to medium batch production.

Rotational speed: 200-600 rpm, adjustable to control grinding intensity.

Abrasive media: zirconia balls (2—10 mm diameter) or tungsten balls to reduce contamination.
Cooling system: equipped with water or air cooling system to prevent overheating of the powder
during grinding (temperature control < 50°C).

Applications: Tungsten powder particle size from 10-20 um to 3—5 pm, zirconia from 1-2 um to
0.1-0.5 pm.

Airflow mill: Uses high-speed airflow (usually compressed air or nitrogen) to collide powder
particles with each other to achieve ultra-fine grinding. Equipment features include:

Particle size control: powder can be refined to the sub-micron level (<1 pm), suitable for the
preparation of nanoscale zirconia.

No pollution: No abrasive media, reducing the introduction of impurities.

Efficiency: Single throughput of up to 1-10 kg, suitable for high-volume production.

Vibrating ball mill: Powder grinding is achieved through high-frequency vibration, suitable for
small-batch experimental production. Equipment features include low energy consumption and ease
of operation, but grinding efficiency is lower than that of planetary ball mills.

The choice of grinding equipment needs to be determined according to the production scale and
powder particle size requirements. For example, high-end zirconium tungsten electrode production
(such as WZ8) tends to use airflow mills to achieve nanoscale zirconia grinding, while small and
medium-sized production can use planetary ball mills.

Mixing equipment

The mixing equipment is used to mix tungsten powder and zirconia powder in proportion (e.g. 0.3%
71O for WZ3 and 0.8% ZrO: for WZ38) to ensure doping uniformity. Common mixing equipment
includes:

V-Mixer: Powder mixing is achieved by rotating the V-shaped vessel, suitable for dry doping.

Equipment features include:

Capacity: 50-500 L, suitable for medium to large production.

Mixing time: 2—4 hours, mixing uniformity > 99%.

Atmosphere Control: Equipped with an inert gas (e.g., argon) protection system to prevent powder
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oxidation.

High-speed mixers: Powder mixing is achieved by means of high-speed mixing paddles (500—1000
rpm), suitable for dry and wet doping. Equipment features include:

Efficient mixing: mixing time 1-2 hours with high uniformity.

Liquid medium: Deionized water or ethanol can be added for wet mixing, and spray drying

equipment is required.

Ultrasonic disperser: used for wet doping, dispersing tungsten powder and zirconia in a liquid
medium by ultrasonic vibration (frequency 20-40 kHz). Equipment features include:
High uniformity: suitable for mixing nanoscale zirconia.

Small Batch Production: Typically < 10 kg throughput, suitable for high-end electrode production.

Mixing equipment needs to be equipped with a precise weighing system (e.g., electronic balance
with an accuracy + 0.001 g) to ensure that the zirconia ratio meets the target grade. Modern mixing
equipment often integrates PLC (Programmable Logic Controller) systems to monitor mixing

parameters in real time.

8.1.2 Screening and grading equipment
Screening and grading equipment is used to control the particle size distribution of powders, remove
oversized or small particles, and ensure that raw materials meet production requirements.

Commonly used equipment includes:

Vibrating screen: Powder is graded by particle size by high-frequency vibration (1000-3000
times/min). Equipment features include:

Sieve size: 10-50 um, suitable for grading tungsten powder (3—5 pm) and zirconia (0.1-1 pm).
Throughput: 0.5-5 kg/min, suitable for high-volume production.

Anti-blocking design: Equipped with ultrasonic net cleaning device to prevent the screen hole from

clogging.

Airflow classifier: uses airflow to separate powders by particle size, suitable for the classification
of ultrafine powders such as nanoscale zirconia. Equipment features include:

Grading accuracy: 0.1-10 pm particles can be separated with an accuracy = 0.1 pm.

No pollution: use inert gas (such as nitrogen) as the grading medium to avoid oxidation.
Automation: Equipped with automatic collection system to improve production efficiency.

Centrifugal classifier: Powder grading is achieved through centrifugal force, suitable for small-batch
high-precision production. Equipment features include high grading accuracy but a small
throughput (<1 kg/min).

Screening and grading equipment needs to be calibrated regularly to ensure that the particle size
distribution is up to standard (e.g., 3—5 um for tungsten powder D50 and 0.1-0.5 pum for zirconia
D50). Modern equipment often integrates laser particle size analyzers to monitor the grading effect
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in real time.
8.2 Pressing and forming equipment for zirconium tungsten electrodes
Pressing and forming equipment is used to press mixed powders into blanks, providing the basis for
subsequent sintering and processing. The performance of the equipment directly affects the density,

strength, and consistency of the billets.

8.2.1 Hydraulic press and isostatic press

Hydraulic fluid

The press presses the powder into cylindrical billets through rigid dies, suitable for low-volume
production or large-diameter billets. Equipment features include:

Pressure range: 50—100 MPa, adjustable to control billet density (50%—60% theoretical density).
Mold material: carbide or high-strength steel, high wear resistance.

Productivity: 10-30 seconds for a single pressing time, suitable for billets with a diameter of 10-20
mm.

Control system: Equipped with PLC system to precisely control pressure and holding time.
Applications: Suitable for the production of non-standard size electrodes or experimental blanks.

The limitation of hydraulic presses is that the density distribution of billets can be uneven, making

them suitable for pressing simple shapes.

Cold Isostatic Press (CIP) Cold isostatic press is applied evenly through a liquid medium, such as
water or oil, to form a high-density, uniform billet that is widely used in zirconium tungsten
electrode production. Equipment features include:

Pressure range: 100-200 MPa, billet density up to 60%—70% theoretical density.

Mold design: Flexible molds (such as rubber or polyurethane) to ensure even pressure distribution.
Throughput: Multiple billets (diameter 10-20 mm, length 100-300 mm) can be pressed in a single
pass.

Automation: Equipped with automatic loading and unloading systems to improve production
efficiency.

Application: Suitable for mass production of high-precision zirconium tungsten electrode blanks.

The advantage of cold isostatic presses lies in the uniform density of the billets, reducing porosity
and cracks during the sintering process. Modern isostatic presses often integrate pressure sensors
and data acquisition systems to monitor the pressing effect in real time.

8.2.2 Mold design and manufacturing

Molds are the core components of pressing and forming equipment, and their design and
manufacturing directly affect the quality of billets. The following factors should be considered in
the mold design:

Material Selection: The mold is usually made of carbide (such as WC-Co) or high-strength steel,
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with a hardness of > 60 HRC, and strong wear and corrosion resistance.
Dimensional accuracy: Tolerance of the inner diameter of the mold + 0.01 mm, ensuring consistent
billet diameter (10-20 mm).
Surface finish: The inner surface roughness of the mold is Ra<0.2 pum, reducing the surface defects
of the billet.
Structural design: The mold needs to have disassembly and cleaning functions to facilitate
maintenance. Cold isostatic molds use flexible materials such as rubber to ensure uniform pressure

transfer.

Mold manufacturing employs CNC machining (e.g., 5-axis CNC machines) and electrical discharge
machining (EDM) to ensure high precision and the realization of complex shapes. Modern mold
design also introduces finite element analysis (FEA) to simulate stress distribution during pressing

and optimize mold structure.

8.3 Sintering and heat treatment equipment for zirconium tungsten electrodes

Sintering and heat treatment equipment is used to convert pressed blanks into dense electrode blanks
and eliminate internal stresses and optimize microstructure. The performance of the device directly
affects the density, grain size, and performance stability of the electrode.

8.3.1 High-temperature sintering furnace

The high-temperature sintering furnace is the core equipment for the production of zirconium
tungsten electrodes, which is used to sinter billets at 1800-2200°C, so that the tungsten particles
can bind and form a stable zirconia dispersion phase. Commonly used sintering furnaces include:

Vacuum sintering furnace

Features: Vacuum degree < 107 Pa to prevent tungsten oxidation; Temperature range 1800-2200°C
with accuracy + 5°C.

Heating element: molybdenum or graphite heating body, excellent high temperature resistance.
Sintering capacity: 10—100 kg in a single furnace, suitable for medium to large-scale production.
Control system: Equipped with PLC and infrared thermometer to monitor temperature and vacuum
in real time.

Application: Suitable for producing high-purity zirconium tungsten electrodes (e.g. WZ8) to ensure
low oxygen content (<0.005%).

Hydrogen sintering furnace

Characteristics: Use high-purity hydrogen (>99.999%) as protective atmosphere, flow rate 10-50
L/min; Temperature range 1800-2100°C.

Reducing properties: Hydrogen effectively removes oxygen and volatile impurities from the billet.
Safety Design: Equipped with hydrogen leak detection and automatic exhaust system to ensure safe
operation.

Application: Suitable for mass production, the cost is lower than vacuum sintering.

Microwave sintering oven
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Features: Fast and uniform sintering by microwave heating (frequency 2.45 GHz) with a sintering
time of 2—4 hours and energy saving of 30%—40%.
Advantages: Reduced grain growth, optimized microstructure (grain size 10-20 pm).
Limitations: High equipment cost, suitable for high-end electrode production.

The sintering furnace needs to be equipped with a precise temperature control system (error <+
10°C) and an atmosphere control system to ensure that the sintering density reaches 95%-98%
theoretical density and the porosity < 0.5%.

8.3.2 Vacuum heat treatment furnace
Vacuum heat treatment furnaces are used to eliminate internal stresses during pressing and sintering,

optimizing the crystal structure and mechanical properties of electrodes.

Equipment features include:

Temperature range: 1200—1600°C, accuracy +5°C.

Vacuum level: <1072 Pa to prevent electrode oxidation.

Heating element: molybdenum or tungsten wire, excellent high temperature resistance.

Cooling system: Equipped with water or air cooling system to control the cooling rate (20—50°C/h)
to avoid stress concentration.

Application: Used for annealing of sintered billets to improve ductility and fracture resistance.

Modern heat treatment furnaces often integrate multi-stage temperature control programs to achieve
precise heating, holding, and cooling profiles through computer control. Some high-end equipment
is also equipped with an online monitoring system to detect the stress and microstructure changes
of the billet in real time.

8.4 Precision processing equipment for zirconium tungsten electrodes

Precision machining equipment is used to process sintered blanks into electrode rods that meet
specifications, including drawing, cutting, and surface polishing. The accuracy and stability of the
equipment directly affect the dimensional tolerance and surface quality of the electrode.

8.4.1 Drawing machine and cutting machine

Pulling machine

The drawing machine stretches the sintered billet into elongated electrode rods (diameter 1.0-6.4
mm) through a series of dies. Equipment features include:

Pulling speed: 0.1-1 m/min, servo motor control, accuracy + 0.01 m/min.

Mold material: carbide or diamond, hardness > 60 HRC, strong wear resistance.

Pass design: 10-20 passes, reducing the diameter by 5%—10% each time.

Lubrication System: Equipped with graphite or molybdenum disulfide lubricant spraying device to
reduce surface scratches.

Application: Reduce billet diameter from 10-20 mm to 1.0-6.4 mm with a tolerance + 0.05 mm.
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Modern drawing machines use CNC systems to automatically adjust the pulling speed and tension,
reducing micro-cracks and surface defects.

Cutters
The cutting machine is used to cut the drawn electrode rods into standard lengths (e.g. 150 mm, 175
mm). Commonly used equipment includes:

Wire EDM: Cutting by EDM with an accuracy + 0.1 mm, suitable for high-precision requirements.
Laser cutter: Uses a high-power laser (power 1-5 kW) for high speed (0.5-2 m/min) and high
surface finish (Ra<0.8 pum).

Cooling System: Equipped with water or oil cooling to prevent the electrode from overheating.
Applications: Cutting electrode rods to standard lengths for TIG welding and plasma cutting needs.

8.4.2 Surface polishing equipment
Surface polishing equipment is used to improve the finish of the electrode surface (Ra<0.4 um) and

reduce contaminant attachment and arc drift. Commonly used equipment includes:

Rotary polishing machine: Surface polishing is achieved by rotating the polishing wheel (1000—
3000 rpm) and polishing media (such as alumina or diamond suspension). Equipment features
include:

Polishing accuracy: Surface roughness Ra<0.4 um.

Automation: Equipped with an automatic feed system with a throughput of 100-500 threads/hour.
Application: Suitable for high-volume electrode polishing.

Electrochemical polishing machine: Remove tiny defects on the electrode surface through
electrochemical reactions, suitable for high-precision electrodes. Equipment features include:
Polishing fluid: phosphoric acid or sulfate-based electrolyte, environmentally friendly formulation
to reduce pollution.

Polishing time: 10-30 seconds/piece, high efficiency.

Surface quality: Ra<0.2 um, close to specular effect.

Laser polishing machine: uses a laser beam (power 5002000 W) to level the electrode surface,
suitable for high-end electrode production. Equipment features include high accuracy (Ra<0.1 um)
and contactless processing.

Polishing equipment should be equipped with a dust collection system to prevent tungsten powder
and zirconia dust from polluting the environment during the polishing process.

8.5 Quality inspection equipment for zirconium tungsten electrodes

Quality inspection equipment is used to ensure that the chemical composition, microstructure,
dimensional accuracy, and surface quality of zirconium tungsten electrodes meet international
standards (e.g., ISO 6848, AWS A5.12, GB/T 4187). Commonly used equipment includes:
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Chemical composition analysis equipment
Inductively Coupled Plasma Mass Spectrometry (ICP-MS): Detection of impurities (e.g., Fe, Si,
(C<0.005%) in tungsten powder and zirconia with an accuracy = 0.001%.
X-ray fluorescence spectroscopy (XRF): Rapid analysis of zirconia content (e.g., 0.3% for WZ3 and
0.8% for WZ8), suitable for on-line detection.

Microstructure analysis equipment

Scanning electron microscopy (SEM): Analyze the grain size (10-20 um) and zirconia distribution
uniformity of the electrodes.

X-ray diffractometer (XRD): Detects crystal structure and phase composition to ensure no stray
phases.

Dimensional inspection equipment
Laser rangefinder: Measures electrode diameter (tolerance +0.05 mm) and length (tolerance + 1
mm).

Surface Roughness Meter: Detects electrode surface roughness (Ra<0.4 pum).

Defect detection equipment

Ultrasonic detector: detects internal cracks and pores in billets and finished electrodes with an
accuracy £ 0.1 mm.

X-ray Inspection Instrument: Non-destructive detection of internal defects, suitable for high-volume
production.

Modern testing equipment often integrates data acquisition systems to analyze detection results
through artificial intelligence algorithms to improve detection efficiency and accuracy.

8.6 Equipment maintenance and optimization of zirconium tungsten electrodes
Equipment maintenance and optimization are key to ensuring production continuity and electrode

quality, involving regular maintenance, fault diagnosis, and performance optimization.

Equipment maintenance

Regular inspections: Check the operating status of grinding, mixing, sintering and processing
equipment monthly, calibrate sensors and control systems.

Lubrication and Cleaning: Regularly clean the mold and drawing machine, adding lubricants such
as graphite to reduce wear.

Component Replacement: Regularly replace worn parts (such as heating elements in sintering
furnaces, molds in drawing machines) to ensure equipment performance.

Safety management: Hydrogen sintering furnaces should be equipped with leak detection and
automatic exhaust systems to prevent safety accidents.

Equipment optimization
Automation upgrade: Introduce Industrial Internet of Things (I1oT) and SCADA systems to monitor
equipment status and production data in real time, improving production efficiency by 10%—20%.
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Intelligent transformation: Machine learning algorithms are used to optimize equipment parameters
(e.g., sintering temperature, pull-out speed) and reduce scrap rates (<1%).
Green retrofit: Install waste heat recovery systems and high-efficiency dust removal equipment to
reduce energy consumption and dust emissions (< 10 mg/m?).
Modular design: Modular equipment structure is adopted, which is easy to maintain and upgrade,
reducing downtime.

The combination of equipment maintenance and optimization ensures the stable operation and high
efficiency of the zirconium tungsten electrode production line, meeting the needs of high-precision
industrial applications.
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Zirconium Tungsten Electrode Introduction

1. Overview of Zirconium Tungsten Electrode

Zirconium tungsten electrode is a non-radioactive welding electrode made by doping a small amount
of zirconium oxide (ZrO2) into a high-purity tungsten base. It is specifically optimized for AC TIG
(Tungsten Inert Gas) welding. Its excellent arc stability and outstanding resistance to contamination
make it the preferred choice for welding aluminum, magnesium, and their alloys.

2. Types of Zirconium Tungsten Electrode

Grade Tip Color = ZrO2 Content (wt.%)  Characteristics & Applications
Ideal for low to medium intensity AC
WZ3 Brown 02-04 ) )
welding; cost-effective
Industry-standard grade with excellent overall

WZ38 White 0.7-0.9
performance

3. Standard Sizes & Packaging of Zirconium Tungsten Electrode

Diameter (mm) Length (mm) Regular Coloring Packing:
1.0 150/ 175 Black / Gold / Blue 10 pcs/box
1.6 150/ 175 Black / Gold / Blue  10pcs/box
2.0 150/ 175 Black / Gold / Blue  10pcs/box
2.4 150/ 175 Black / Gold / Blue  10pcs/box
3.2 150/ 175 Black / Gold / Blue  10pcs/box
4.0 150/ 175 Black / Gold / Blue  10pcs/box
Remark The sizes can be customized

4. Applications of Zirconium Tungsten Electrode
Welding of aluminum and aluminum alloys: such as doors, windows, frames, and automotive
body structures
Welding of magnesium and magnesium alloys: widely used in aerospace lightweight
components
AC welding of stainless steel (under specific low-current conditions)
Precision welding in aerospace, rail transit, pressure vessels, etc.

Used in automated welding systems and robotic torch assemblies

5. Procurement Information

Email: sales@chinatungsten.com
Phone: +86 592 5129595; 592 5129696
Website: www.tungsten.com.cn
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Chapter 9 Domestic and Foreign Standards for Zirconium Tungsten Electrodes

As a key material in tungsten inert gas shielding (TIG welding) and plasma cutting, zirconium
tungsten electrodes must meet strict domestic and international standards for their performance and
quality. Standardization ensures the chemical composition, physical properties, dimensional
accuracy, and application consistency of zirconium tungsten electrodes, meeting the needs of high-
precision fields such as aerospace, automobile manufacturing, and nuclear industry. This chapter
will discuss in detail the international standards (such as ISO 6848, AWS A5.12) and domestic
standards (such as GB/T 4187) for zirconium tungsten electrodes, analyze their specific content and
requirements, compare the similarities and differences between domestic and foreign standards, and
look forward to the update and development trend of standards.

9.1 International standards for zirconium tungsten electrodes

International standards provide uniform specifications for the production, testing, and application
of zirconium tungsten electrodes, which are widely used in global trade and industrial production.
Key international standards include ISO 6848 from the International Organization for
Standardization (ISO) and AWS AS5.12 from the American Welding Society (AWS).

9.1.1 ISO standards (e.g. ISO 6848)

ISO 6848 (the latest version is ISO 6848:2015, Arc-welding and cutting — Non-consumable
tungsten electrodes — Classification) is an international standard for zirconium tungsten electrodes
that specifies the classification, chemical composition, performance requirements and test methods
for non-consumable tungsten electrodes. This standard applies to tungsten electrodes in TIG
welding and plasma cutting, including zirconium tungsten electrodes (WZ series).

Standard content:

Classification: Zirconium tungsten electrodes are classified according to zirconia (ZrO2) content,
mainly including WZ3 (0.15%—0.4% ZrO-) and WZ8 (0.7%-0.9% ZrO-). The standard also defines
other types of tungsten electrodes, such as pure tungsten (WP), thorium tungsten (WT), and cerium
tungsten (WC).

Chemical composition: The tolerance range of tungsten matrix purity (>99.5%) and zirconia content
is specified, and the content of impurities (such as Fe, Si, C) should be controlled below 0.005%.
Performance requirements: including arc stability, ignition performance, and burnout resistance.
Zirconium tungsten electrodes need to exhibit excellent arc concentration and anti-contamination
capabilities in alternating current (AC) welding.

Test methods: including chemical composition analysis (using ICP-MS or XRF), arc performance
testing (measuring ignition voltage and arc stability under standard welding conditions), and surface
quality checks (surface roughness Ra<0.8 pum).

Marking and packaging: The electrode surface is required to be marked with the grade (such as
WZ8), diameter and length, and the packaging must be moisture-proof and dust-proof, and
accompanied by a certificate of conformity.

Applications: ISO 6848 is suitable for TIG welding and plasma cutting worldwide, especially in
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high-demand scenarios such as aerospace, shipbuilding, and automotive manufacturing. For
example, Boeing and Airbus welded aluminum alloy components with zirconium tungsten
electrodes in accordance with ISO 6848.

Features and Benefits:

Global applicability: ISO 6848 is recognized by most countries and regions around the world,
facilitating international trade and cross-border production.

Strict Quality Control: The standard requires detailed chemical composition and performance,
ensuring the consistency and reliability of the electrodes.

Environmental Orientation: Encourage the use of non-radioactive zirconium tungsten electrodes and

gradually replace thorium tungsten electrodes (WT20).

9.1.2 AWS standards (such as AWS AS5.12)

AWS A5.12/A5.12M:2009 (Specification for Tungsten and Oxide Dispersed Tungsten Electrodes
for Arc Welding and Cutting) is a tungsten electrode standard developed by the American Welding
Society, widely used in the North American market, covering the classification, performance and

testing requirements of zirconium tungsten electrodes.

Standard content:

Classification: Zirconium tungsten electrodes are divided into EWZr-1 (WZ8, containing 0.7%—0.9%
Z1O2) and EWZr-3 (WZ3, containing 0.15%—0.4% ZrO-). The standard also includes other electrode
types such as pure tungsten (EWP), thorium tungsten (EWTh-2), and cerium tungsten (EWC-2).
Chemical composition: The purity of the tungsten matrix is required to > 99.5%, the tolerance of
zirconia content is +£0.05%, and the content of impurities (such as Fe and Si) is <0.005%.
Performance requirements: Emphasize the arc stability, burnout resistance, and anti-pollution ability
of zirconium tungsten electrodes in AC welding, especially suitable for aluminum and magnesium
alloy welding.

Test methods: including chemical composition analysis (by spectroscopy), arc performance testing
(measuring ignition voltage <50 V and arc drift rate <5%), and surface quality inspection (Ra<0.8
pm).

Dimensions and markings: Specify electrode diameter (1.0-6.4 mm) and length (75-300 mm), and
require AWS classification codes (e.g., EWZr-1) on the surface.

Applications: AWS AS5.12 has a wide influence in the North American market, especially in the
automotive manufacturing, acrospace, and energy industries. For example, Tesla's aluminum body
welding and General Electric's gas turbine component spraying are both required to comply with
AWS A5.12 standards.

Features and Benefits:
Detailed Performance Testing: The standard test methods for arc performance and burnout
resistance are more specific, making them suitable for high-precision applications.
Regional authority: AWS standards are highly recognized in the North American market, facilitating
local production and certification.
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Strong compatibility: It has a high degree of consistency with ISO 6848 in classification and
requirements, which is convenient for international standard coordination.

9.2 Domestic standards for zirconium tungsten electrodes

As the world's largest tungsten resource country and producer of zirconium tungsten electrodes,
China has developed a series of domestic standards covering the production, testing and application
of zirconium tungsten electrodes. The main standards include national standards (GB/T standards)
and industry standards, as well as internal standards.

9.2.1 GB/T standard

GB/T 4187-2017 (Tungsten Electrodes) is a Chinese national standard that specifies the
classification, chemical composition, performance requirements and test methods of tungsten
electrodes, and is suitable for TIG welding and plasma cutting.

Standard content:

Classification: Zirconium tungsten electrodes are divided into WZ3 (0.15%—0.4% ZrO.) and WZ8
(0.7%-0.9% Zr0O-), alongside other types of tungsten electrodes (e.g., WT20, WC20).

Chemical composition: tungsten matrix purity >99.5%, zirconia content tolerance +0.05%,
impurities (such as Fe, Si, C) content <0.005%.

Performance requirements: Zirconium tungsten electrodes are required to have excellent arc
stability (arc drift rate <5%), ignition performance (ignition voltage <50 V) and burnout resistance
(life is 2-3 times longer than pure tungsten electrodes) in AC welding.

Test methods: including chemical composition analysis (ICP-MS or XRF), arc performance testing
(performed on standard AC welding equipment), and surface quality inspection (Ra<0.8 pm).
Dimensions and packaging: Specified electrode diameter (1.0-6.4 mm) and length (75-300 mm),
moisture- and dust-proof packaging required, accompanied by a certificate of conformity.

Applications: GB/T 4187 is widely used in China's aerospace, automobile manufacturing,
shipbuilding industry, and nuclear industry. For example, AVIC's aircraft component welding and
CSIC's hull welding must meet this standard.

Features and Benefits:

Adaptation to the Chinese market: The standard combines the advantages of Chinese tungsten
resources to optimize production and testing requirements, suitable for large-scale production.
Strict Impurity Control: The requirements for impurity content align with international standards,
ensuring electrode quality.

Environmental Orientation: Encourage the use of zirconium tungsten electrodes instead of thorium
tungsten electrodes, in line with environmental regulations.

9.2.2 Industry standards and enterprise standards
In addition to national standards, China has developed a number of industry standards and enterprise
standards to meet the needs of specific industries or enterprises.
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Industry Standards:
YS/T 231-2016 (industry standard for tungsten electrodes): formulated by the Institute of
Nonferrous Metals Technology and Economics, which refines the production process and quality
control requirements of zirconium tungsten electrodes, and is suitable for the field of non-ferrous
metal welding.
JB/T 4744-2007 (Tungsten electrode for welding): Formulated by the Federation of Machinery
Industries, it focuses on regulating the application of zirconium tungsten electrode in machinery
manufacturing, emphasizing arc performance and anti-pollution ability.
Industry standards are often supplemented by GB/T 4187 and provide more specific requirements
for specific industries (e.g., aviation, ships).

Enterprise Standards:

Major domestic tungsten electrode manufacturers have formulated internal enterprise standards
(Q/enterprise codes), which are further refined on the basis of GB/T 4187. For example:

Chemical composition: The tolerance of zirconia content is required to be +0.03%, and the impurity
content is < 0.003%.

Surface quality: Requires a surface roughness of Ra<0.4 pm to meet high-end welding needs.
Performance testing: Added anti-contamination testing (e.g., arc stability testing in an oxide-

containing environment).

Enterprise standards are usually stricter than national standards to meet the needs of high-end
markets (such as aerospace, nuclear industry).

Features and Benefits:

Flexibility: Industry and enterprise standards can quickly respond to market demand and supplement
the shortcomings of national standards.

Customization: Enterprise standards optimize requirements for specific customers or application
scenarios, such as high-current AC welding.

Market competitiveness: Improve product quality through stricter standards and enhance

competitiveness in the international market.

9.3 Content and requirements of zirconium tungsten electrode standards

Domestic and international standards for zirconium tungsten electrodes put forward detailed
requirements for chemical composition, physical properties, and dimensional tolerances to ensure
their performance and consistency in TIG welding and plasma cutting. The following is analyzed
from three aspects: chemical composition, physical properties and dimensional tolerances.

9.3.1 Chemical composition requirements
The chemical composition is at the heart of the quality of zirconium tungsten electrodes, directly
impacting their arc stability, ignition performance, and burnout resistance. The requirements for

chemical composition are highly consistent in domestic and foreign standards, mainly including:
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Tungsten matrix:
Purity: >99.5% (ISO 6848, AWS AS5.12, GB/T 4187), ensuring the high melting point
(approximately 3422°C) and chemical stability of the electrode.
Impurity content: The total content of iron (Fe), silicon (Si), carbon (C) and other impurities
<0.005%, and the individual impurity < 0.002%. Excessive impurities may cause arc instability or
electrode burndown.
Test method: ICP-MS (Inductively Coupled Plasma Mass Spectrometry) or XRF (X-ray
Fluorescence Spectroscopy) detection is used to ensure an accuracy of £ 0.001%.

Zirconia (Zr0O:):

WZ3: 0.15%-0.4% (tolerance +0.05%) for low to medium current (50-150 A) AC welding.

WZ8: 0.7%—0.9% (tolerance £0.05%) for high current (150—400 A) AC welding.

Crystal form requirements: Zirconia is mainly monoclinic ZrO: to ensure high temperature stability.
Test method: Verify zirconia content by XRF or chemical titration with an accuracy of +0.01%.

Other Requirements:

The use of radioactive materials (such as thorium oxide) is prohibited to ensure the environmental
protection of the electrodes.

The oxygen content < 0.005% to avoid electrode oxidation and performance degradation.

The tight control of chemical composition requirements ensures the reliability and consistency of

zirconium tungsten electrodes in high-precision welding.

9.3.2 Physical Performance Requirements

The physical properties requirements cover arc stability, ignition performance, burnout resistance
and pollution resistance, which directly affects the application effect of zirconium tungsten
electrodes. Standard test methods and indicators for physical properties include:

Arc Stability:

Requirements: Arc drift rate < 5% (current 150—400 A under standard AC welding conditions).
Test method: Using high-frequency AC TIG welding equipment, the arc shape and drift distance are
measured (by high-speed photography or arc analyzer).

Characteristics of zirconium tungsten electrode: WZS8 has better arc concentration than WZ3 in
high-current AC welding, and is suitable for thick plate aluminum alloy welding; WZ3 is suitable
for thin plate welding, and the arc stability is still better than that of pure tungsten electrodes.

Ignition performance:

Requirements: Ignition voltage < 50 V, ignition success rate > 99% (under high-frequency AC
conditions).

Test Method: Multiple ignition tests are conducted on standard welding equipment, recording the
ignition voltage and success rate.

Zirconium tungsten electrode characteristics: Low electron escape work (2.7-3.0 eV) enables
zirconium tungsten electrode to ignite quickly in high-frequency AC welding, which is better than
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pure tungsten electrode (4.5 eV).

Burn resistance:

Requirements: Electrode tip burnout rate <0.1 mm/h in high-current (200400 A) AC welding.
Test method: Continuous operation under standard welding conditions for several hours, measuring
tip size changes (by microscope or laser rangefinder).

Characteristics of zirconium tungsten electrode: The dispersed phase protection of zirconia makes
the life of WZS electrode 2—3 times longer than that of pure tungsten electrode, and the life of WZ3
electrode is also significantly extended under moderate current.

Anti-pollution ability:

Requirements: In the welding environment containing oxides (such as Al:Os, MgO), there is no

obvious pollution on the electrode surface, and the arc stability is maintained at >95%.

Test method: Conduct welding tests in a simulated pollution environment to observe the degree of
electrode surface pollution and arc performance.

Zirconium tungsten electrode characteristics: Chemical stability and high surface finish (Ra<0.4 um)
make it better than thorium-tungsten and cerium-tungsten electrodes in aluminum and magnesium

alloy welding.

9.3.3 Dimensions and tolerance requirements
Dimensional and tolerance requirements ensure the geometric consistency of zirconium tungsten
electrodes, meeting the needs of welding equipment and processes. The standard requirements for

dimensions and tolerances include:

Diameter:

Range: 1.0-6.4 mm (common specifications are 1.6 mm, 2.4 mm, 3.2 mm, 4.0 mm).

Tolerances: £0.05 mm (ISO 6848, AWS AS5.12, GB/T 4187) to ensure compatibility with welding
gun chucks.

Test Method: Measured using a laser rangefinder or high-precision caliper.

Length:

Range: 75-300 mm (common specifications are 150 mm, 175 mm).
Tolerance: =1 mm, meeting the needs of different welding equipment.
Test method: Check with CNC measuring equipment or ruler.

Surface:

Requirements: Surface roughness Ra<0.8 um (Ra<0.4 pum after polishing) without cracks, scratches
or oxides.

Test method: Examination using a surface roughness meter and microscope.

Zirconium tungsten electrode features: High surface finish reduces contaminant adhesion and
improves arc stability.
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Tip Geometry:
Requirements: tip angle 30°-60° (AC welding deflection obtuse angle 45°-60°, DC welding
deflection acute angle 30°—45°), tolerance £2°).
Test method: Verification using an angle measuring instrument or microscope.

The tight control of dimensions and tolerances ensures the compatibility and performance stability

of zirconium tungsten electrodes in automated welding equipment.

9.4 Comparison and coordination of domestic and foreign standards for zirconium tungsten
electrodes

Domestic and foreign standards have high similarities in the classification, chemical composition,
performance requirements and test methods of zirconium tungsten electrodes, but there are also
certain differences. Here's a comparison of multiple dimensions and the possibility of coordination:

Classification and naming:

ISO 6848: Zirconium tungsten electrodes are divided into WZ3 and WZ§, based on zirconia content.
AWS A5.12: Divided into EWZr-1 (WZ8) and EWZr-3 (WZ3), with different names but essentially
the same.

GB/T 4187: WZ3 and WZ8 classifications are used in ISO, and the names are exactly the same.
Comparison: The classification standards of the three are the same, and the naming of AWS (EWZr-
1) emphasizes the electrode type (E for electrode, W for tungsten, Zr for zirconium).

Coordination: Naming differences do not affect practical applications, and can be unified through

comparison tables in international trade.

Chemical composition:

ISO 6848: Tungsten purity >99.5%, zirconia tolerance +0.05%, impurities < 0.005%.

AWS A5.12: Consistent requirements and more detailed testing methods (e.g., explicit requirements
for ICP-MS testing).

GB/T 4187: Requirements are consistent with ISO, but impurities such as oxygen content <0.005%
are more controlled.

Comparison: The requirements for chemical composition of the three are highly consistent, and
GB/T 4187 is slightly stricter in terms of oxygen content control.

Harmonization: Consistency of ingredient requirements through unified testing methods such as
ICP-MS.

Physical Properties:

ISO 6848: Emphasizes arc stability and burn resistance with a more general test methodology.

AWS AS5.12: Specific test indicators for increased ignition performance and contamination

resistance (e.g., ignition voltage <50 V).

GB/T 4187: Similar to ISO, but with more detailed requirements for arc stability for AC welding.

Comparison: AWS standards are more specific in performance testing, while ISO and GB/T focus

more on generality.

Harmonization: Standards can be harmonized through supplementary test methods such as AWS
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ignition performance testing.

Dimensions and Tolerances:

ISO 6848: Diameter tolerance +0.05 mm, length tolerance + 1 mm, surface roughness Ra<0.8 pum.
AWS A5.12: Requirements are consistent, with additional emphasis on tip angle tolerance (£2°).
GB/T 4187: Requirements are consistent with ISO, but require a surface roughness of Ra<0.4 pm
in high-end applications.

Comparison: The size requirements of the three are highly consistent, and GB/T 4187 is more
stringent in terms of surface quality.

Coordination: Achieve coordination through harmonized tolerance standards and testing equipment
such as laser rangefinders.

Environmental Protection and Safety:

ISO 6848: Encourages the use of non-radioactive electrodes (e.g., zirconium tungsten, cerium
tungsten) and complies with REACH regulations.

AWS AS5.12: Explicit requirement for non-radioactivity, emphasizing the provision of MSDS
(Material Safety Data Sheet).

GB/T 4187: Comply with China's environmental protection regulations and prohibit the use of
thorium tungsten electrodes.

Comparison: All three emphasize environmental protection, and AWS has more specific
requirements for MSDS.

Harmonization: Harmonization through harmonized MSDS formats and environmental
certifications such as ISO 14001.

Coordination Prospects:

Technical coordination: ISO, AWS, and GB/T standards are highly consistent in core requirements,
and unified standards can be developed through technical committees (e.g., ISO/TC 44) to reduce
trade barriers.

Regional differences: The North American market prefers AWS standards, Europe and Asia prefer
ISO standards, and China dominates GB/T standards. Coordination takes into account regional
regulations and market habits.

Industry promotion: Major global tungsten electrode manufacturers actively participate in standard
formulation and promote the integration of domestic and foreign standards.

Through standard harmonization, the global production and application of zirconium tungsten
electrodes will be more standardized, promoting international trade and technical exchanges.

9.5 Updates and development trends of zirconium tungsten electrode standards
The update and development trend of zirconium tungsten electrode standards are driven by
technological advancements, market demands, and environmental regulations. The following

analyzes the key trends and development directions:
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Technological Advancement Driven:
Nanotechnology: The application of nanoscale zirconia (<100 nm) has improved the performance
of zirconium tungsten electrodes, and future standards may increase requirements related to
nanodoping, such as stricter particle size distribution and uniformity detection.
Composite doping: New composite electrodes (e.g., doped La:0s+Zr0-) are being developed, and
the standard needs to be expanded to cover new materials. For example, ISO 6848 may add a new
category of composite electrodes.
Intelligent detection: The application of artificial intelligence and big data technology has improved
inspection efficiency, and future standards may introduce Al-assisted testing methods (such as SEM

image analysis).

Market demand driven:

High-Precision Applications: Aerospace, nuclear industry, and medical device manufacturing
increasingly demand electrode performance, and standards may add more stringent tests for arc
stability and contamination resistance.

Automated welding: The popularity of automated TIG welding equipment requires smaller
electrode size tolerances (e.g., £0.02 mm), and future standards may refine the size requirements.
Emerging Industries: The rise of new energy sources (e.g., wind and solar equipment) and 3D
printing technology may drive the expansion of standards to cover new application scenarios.

Environmental regulations driven:

No radioactivity requirements: With the strengthening of environmental regulations (such as EU
REACH, China's Environmental Protection Law), the restrictions of thorium tungsten electrodes
will be further expanded, and the environmental advantages of zirconium tungsten electrodes will
promote standard updates.

Green manufacturing: Future standards may increase environmental requirements for production
processes, such as energy consumption, waste recycling rates, and dust emission standards.

MSDS Standardization: The MSDS requirements of AWS A5.12 may be adopted by ISO and GB/T
standards to form a globally unified material safety specification.

Update trends:

Standards Convergence: ISO, AWS, and GB/T standards will be further integrated to form a globally
unified standards framework and reduce trade barriers.

Dynamic Updates: The standard update cycle is shortened (from 5-10 years to 3-5 years) to
accommodate technological advancements and market demands.

Digital standards: Future standards may be published in digital form (such as online databases) for
real-time query and update.

The continuous updates of zirconium tungsten electrode standards will drive its application in high-
precision, environmentally friendly, and high-efficiency fields, meeting the needs of global
industrial development.
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Chapter 10 Detection Methods of Zirconium Tungsten Electrodes

Quality inspection of zirconium tungsten electrodes is a critical link to ensure their consistent
performance and application reliability, which is directly related to their performance in tungsten
inert gas shield welding (TIG welding), plasma cutting, and plasma spraying. The detection method
covers various aspects such as chemical composition, physical properties, microstructure, electrode
performance, and environmental adaptability, and must comply with international standards (such
as [SO 6848, AWS A5.12) and domestic standards (such as GB/T 4187). This chapter will discuss
in detail the detection methods of zirconium tungsten electrodes, analyze their principles, equipment
requirements and testing processes, discuss the calibration and standardization of testing equipment,
and provide common problems and solutions to provide technical guidance for production and

application.

10.1 Chemical composition detection of zirconium tungsten electrodes

Chemical composition testing is used to verify the purity of the tungsten matrix, zirconia (ZrO-)
content and impurity content in zirconium tungsten electrodes to ensure compliance with standard
requirements (e.g., WZ3 contains 0.15%-0.4% ZrO., WZ8 contains 0.7%—0.9% ZrO,, and
impurities <0.005%). Commonly used assay methods include spectroscopic analysis and chemical

titration.
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Zirconium Tungsten Electrode Introduction

1. Overview of Zirconium Tungsten Electrode

Zirconium tungsten electrode is a non-radioactive welding electrode made by doping a small amount
of zirconium oxide (ZrO2) into a high-purity tungsten base. It is specifically optimized for AC TIG
(Tungsten Inert Gas) welding. Its excellent arc stability and outstanding resistance to contamination
make it the preferred choice for welding aluminum, magnesium, and their alloys.

2. Types of Zirconium Tungsten Electrode

Grade Tip Color = ZrO2 Content (wt.%)  Characteristics & Applications
Ideal for low to medium intensity AC
WZ3 Brown 02-04 ) )
welding; cost-effective
Industry-standard grade with excellent overall

WZ38 White 0.7-0.9
performance

3. Standard Sizes & Packaging of Zirconium Tungsten Electrode

Diameter (mm) Length (mm) Regular Coloring Packing:
1.0 150/ 175 Black / Gold / Blue 10 pcs/box
1.6 150/ 175 Black / Gold / Blue  10pcs/box
2.0 150/ 175 Black / Gold / Blue  10pcs/box
2.4 150/ 175 Black / Gold / Blue  10pcs/box
3.2 150/ 175 Black / Gold / Blue  10pcs/box
4.0 150/ 175 Black / Gold / Blue  10pcs/box
Remark The sizes can be customized

4. Applications of Zirconium Tungsten Electrode
Welding of aluminum and aluminum alloys: such as doors, windows, frames, and automotive
body structures
Welding of magnesium and magnesium alloys: widely used in aerospace lightweight
components
AC welding of stainless steel (under specific low-current conditions)
Precision welding in aerospace, rail transit, pressure vessels, etc.

Used in automated welding systems and robotic torch assemblies

5. Procurement Information

Email: sales@chinatungsten.com
Phone: +86 592 5129595; 592 5129696
Website: www.tungsten.com.cn
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10.1.1 Spectral analysis
Spectral analysis is the mainstream method for the detection of chemical composition of zirconium
tungsten electrodes by detecting the spectral characteristics of materials emitted or absorbed to
determine their chemical composition. Common equipment includes inductively coupled plasma
mass spectrometry (ICP-MS) and X-ray fluorescence spectroscopy (XRF).

Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

Principle: The sample is ionized in a high-temperature plasma (about 6000—10,000°C) to generate
charged ions, which are separated and measured by mass spectrometry to determine the elemental
content.

Process:

Sample preparation: Dissolve a zircon tungsten electrode sample (approximately 0.1-1 g) in an acid
solution (e.g., nitric acid + hydrofluoric acid) to prepare a homogeneous solution.

Instrument calibration: Calibrate the ICP-MS using standard solutions (such as tungsten, zirconium
standards) to ensure an accuracy of £+ 0.001%.

Analysis: The sample solution was entered into the plasma through an atomizer to detect tungsten
(>99.5%) and zirconia (WZ3: 0.15%—0.4%; WZ8: 0.7%—-0.9%) and impurities (such as Fe, Si,
(C<0.005%).

Data processing: Analyze spectral data through software to generate composition reports.

Advantage:

High sensitivity: The detection limit can reach the ppb level (107°).

High accuracy: Error <+ 0.001%, suitable for detecting trace impurities.

Multi-element analysis: Multiple elements (e.g., W, Zr, Fe, Si) can be detected simultaneously.

Limitations: Complex sample preparation, strong acids, and high equipment costs (approximately
US$50-1 million).

Applications: Widely used for quality certification of high-end zirconium tungsten electrodes (such
as WZ8), meeting the requirements of the aerospace and nuclear industries.

X-ray fluorescence spectroscopy (XRF)

Principle: X-rays excite sample atoms, produce characteristic fluorescence, and determine the
elemental content by detecting fluorescence intensity.

Process:

Sample preparation: The zirconium tungsten electrode sample is polished to Ra<0.4 um or made
into powder tablets.

Instrument calibration: Calibrate the XRF instrument using standard samples (e.g., high-purity
tungsten, zirconia).

Analysis: Samples are exposed to X-rays, fluorescence intensity of tungsten, zirconia and impurities
is detected, and the content is analyzed.

Data Processing: Generates ingredient reports with an accuracy + 0.01%.

Advantage:
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Non-destructive: No need to dissolve the sample, suitable for finished product testing.

Easy to operate: the inspection time < 5 minutes, suitable for online quality control.
Lower cost: The device costs about $10-300,000.

Limitations: The sensitivity is lower than that of ICP-MS (detection limit is about ppm), and the
detection ability for trace impurities is limited.

Applications: For rapid component detection in high-volume production, such as zirconia content
verification for WZ3 and WZ8 electrodes.

10.1.2 Chemical titration method
Chemical titration quantifies zirconia content by chemical reaction and is suitable for laboratory and
small batch testing. Methods include:

Principle: The chemical reaction of zirconia with a specific reagent, such as EDTA, is used to
determine its content by titration.

Process:

Sample dissolution: Dissolve the zirconium tungsten electrode sample (approximately 0.5—1 g) in
an acid solution (e.g., nitric acid + hydrofluoric acid).

Separation of zirconium: separation of zirconium ions by chemical precipitation (e.g., adding
ammonia to form Zr(OH)s precipitation).

Titration: Titrate the zirconium ions with EDTA standard solution, add an indicator (e.g., xylene
orange), observe the color change to determine the endpoint.

Calculation: The zirconia content is calculated according to the titration volume with an accuracy +
0.02%.

Advantage:
Low cost: No need for expensive equipment, suitable for small laboratories.
Highly targeted: Specially tested for zirconia content, reliable results.

Limitations:

Complex operation: requires proficiency in chemical analysis skills, which takes a long time (about
1-2 hours).

Zirconia only: Other impurities or tungsten content cannot be detected.

Applications: For composition verification in the early stages of zirconium tungsten electrode
production, or as a complementary method to ICP-MS/XRF.

10.2 Physical Properties Testing of Zirconium Tungsten Electrodes
Physical property testing is used to evaluate the hardness, density, and porosity of zirconium
tungsten electrodes, ensuring their mechanical properties and structural integrity meet welding and

cutting requirements.
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10.2.1 Hardness test

Hardness testing evaluates the resistance to deformation of zirconium tungsten electrodes, reflecting

their resistance to wear and burnout in high-temperature arcs. Common methods include Vickers
hardness (HV) and Rockwell hardness (HRC) tests.

Vickers hardness test

Principle: Apply a specific load (usually 5-10 kgf) to the electrode surface by a diamond indenter
and measure the diagonal length of the indentation to calculate the hardness value.

Process:

Sample preparation: Polish the electrode to Ra<0.4 pm and cut into cross-sectional samples.

Test: Using a Vickers hardness tester (e.g., HV-1000), apply a load of 5 kgf and hold pressure for
10—-15 seconds.

Measurement: Measure the diagonal length of the indentation by microscopy and calculate the
hardness (typical: HV 400-500).

Advantages: High precision, suitable for small sample size; It can detect microscopic area hardness.
Limitations: The sample needs to be polished, and the test speed is slow (about 1 minute per point).
Applications: Used to evaluate the wear resistance of zirconium tungsten electrodes, ensuring tip
stability in high-current welding.

Rockwell hardness test

Principle: Apply a load (usually 60—150 kgf) by a steel ball or diamond indenter head, measure the
indentation depth and calculate the hardness value.

Process:

Sample preparation: Electrode surface polishing to Ra<0.8 um.

Test: Using a Rockwell hardness tester (e.g., HR-150A), apply a load of 60 kgf and hold pressure
for 5-10 seconds.

Measurement: Direct reading of hardness values (typical: HRC 40-50).

Advantages: Simple operation, suitable for rapid detection.
Limitations: Accuracy is lower than Vickers hardness, suitable for large-sized samples.
Applications: For rapid hardness screening in mass production.

10.2.2 Density and porosity test
Density and porosity testing is used to evaluate the compactness and internal defects of zirconium
tungsten electrodes, affecting their thermal conductivity and burnout resistance.

Density test

Principle: The density of the electrode is measured by the Archimedes principle, and the ratio to the

theoretical density (about 19.25 g/cm?) is calculated.

Process:

Sample preparation: Take an electrode sample (1020 mm in length), wash and dry.

Measurement: Dry and water weights are measured using high-precision electronic balances
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(accuracy +£0.001 g) to calculate density.

Results: The density of high-quality zirconium tungsten electrode was 95%—98% theoretical density.

Advantages: simple, fast, non-destructive.
Limitations: Inability to detect internal pore distribution.
Application: For rapid quality assessment of electrodes after sintering.

Porosity test

Principle: Measure the proportion of pores inside the electrode by microscopic observation or gas
adsorption.

Process:

Microscopy: The electrode slices are polished, the porosity is calculated using an optical microscope
or SEM to observe the porosity, and the porosity (<0.5%) is calculated.

Gas adsorption method: Measure pore volume using a nitrogen adsorption instrument (such as BET
method) with an accuracy + 0.01%.

Advantages: The microscope method is intuitive, and the gas adsorption method has high accuracy.
Limitations: The microscopy method needs to destroy the sample, and the gas adsorption method is
expensive to use.

Applications: Used for quality control of high-end electrodes such as WZS8 to ensure no internal
defects.

10.3 Microstructure analysis of zirconium tungsten electrodes

Microstructure analysis is used to study the grain size, zirconia distribution, and phase composition
of zirconium tungsten electrodes, which directly affect their arc stability and burnout resistance.
Common methods include scanning electron microscopy (SEM) and X-ray diffraction (XRD).

10.3.1 Scanning Electron Microscopy (SEM)

Principle: The surface of the sample is scanned by an electron beam, generating a high-resolution
image that observes grain size (10-20 um), zirconia distribution, and internal defects.

Process:

Sample preparation: Electrode slices are polished (Ra<0.2 pm) or fracture morphology is preserved
after fracture.

Test: Using an SEM (e.g., JEOL JSM-7800F), set the acceleration voltage of 10-20 kV and the
magnification of 100-5000x.

Analysis: Analyze zirconia distribution in combination with energy spectroscopy (EDS) and check
grain size and porosity.

Advantage:
High resolution: Nanoscale zirconia particles (< 100 nm) can be observed.
Multifunctional: Combined with EDS, it can quantitatively analyze elemental distribution.

Limitations: Complex sample preparation and high equipment costs (approximately $50-$1
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million).

Applications: Used to analyze zirconia uniformity and sintering quality of WZS electrodes to ensure
arc stability.

10.3.2 X-ray diffraction (XRD)

Principle: The crystal structure and phase composition of the crystal are analyzed by diffraction of
X-ray and sample crystal, and the crystal form of tungsten matrix and zirconia is verified.

Process:

Sample preparation: Grind the electrode into powder or use the polished sample directly.

Test: Using an XRD instrument (e.g., Bruker D8 Advance), Cu-Ko rays (wavelength 1.5406 A) are
set at a scanning angle of 10°-90°.

Analysis: Compare diffraction peaks with standard spectra to confirm tungsten (body-centered cubic
structure) and zirconia (monoclinic crystal type) phases, check for heterogeneous phases.

Advantage:
Non-destructive: suitable for finished product inspection.
High accuracy: can detect trace amounts of impurities (such as oxides).

Limitations: Microscopic morphology cannot be directly observed, and SEM analysis is required.
Applications: Used to verify the crystal structure of zirconium tungsten electrodes, ensuring that no
stray phases affect performance.

10.4 Electrode performance test of zirconium tungsten electrode
Electrode performance testing evaluates the performance of zirconium tungsten electrodes in real-
world welding or cutting, including arc stability, ignition performance, and longevity.

10.4.1 Arec stability test

Principle: Measure the drift rate and shape stability of the arc by simulating TIG welding or plasma
cutting conditions.

Process:

Test equipment: Use a high-frequency AC TIG welder (e.g., Miller Dynasty 400) with a current of
150-400 A and argon (flow rate 10-20 L/min).

Test conditions: electrode diameter 2.4-3.2 mm, tip angle 45°-60°, welding material aluminum
alloy (e.g. 6061).

Measurement: The arc shape was recorded by a high-speed camera (frame rate >1000 fps) and the
drift rate (<5%) was analyzed.

Results: The arc drift rate of WZ8 electrode was <3% at high current, which was better than that of
WZ3 (<5%).

Advantage: Directly reflects the performance of the electrode in practical applications.
Limitations: The test conditions need to be strictly controlled and the equipment is complex.
Applications: Used to verify arc stability of zirconium tungsten electrodes in AC welding, catering
to aerospace and automotive manufacturing needs.
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10.4.2 Ignition Performance and Life Test
Ignition performance test
Principle: Measure the ignition voltage and success rate of the electrode under high-frequency AC
or DC conditions.
Process:
Test equipment: High frequency TIG welding machine, set current 50—150 A (WZ3) or 150-400 A
(WZ8).
Test conditions: electrode diameter 1.6—3.2 mm, tip angle 30°-60°, repeated ignition 100 times.
Measurement: Ignition voltage (<50 V) and success rate (>99%,) are recorded.

Results: The ignition voltage of the zirconium tungsten electrode was lower than that of the pure
tungsten electrode (about 60—80 V), and WZ8 was better than that of WZ3.
Applications: Ensure the rapid ignition performance of electrodes in automated welding.

Life Testing

Principle: Electrode tip burnout rate and service life are measured under standard welding conditions.
Process:

Test conditions: AC welding, current 200400 A, continuous operation for 1-2 hours.
Measurement: Measure tip burnout (<0.1 mm/h) using a microscope or laser rangefinder.

Results: The lifetime of WZS electrode is about 2—3 times that of pure tungsten electrode, and that
of WZ3 is about 1.5-2 times.

Applications: Used to evaluate the durability of electrodes in high-strength welding.

10.5 Environmental Adaptability Test of Zirconium Tungsten Electrode

Environmental adaptability testing evaluates the performance of zirconium tungsten electrodes in
special environments (such as high humidity, high temperatures, and corrosive gases) and simulates
practical application scenarios.

High humidity environment testing

Process: TIG welding was performed in an environment with a humidity > 80% with a current of
150-300 A to observe arc stability and surface contamination.

Results: The anti-pollution ability of WZS electrode was better than that of WZ3, and the arc drift
rate was <5%.

Applications: Verify the reliability of electrodes in marine engineering and shipbuilding.

High temperature environment testing

Process: Continuous operation in plasma cutting (temperature > 10,000°C) for 2 hours, measuring
tip burnout rate (<0.1 mm/h).

Results: The lifetime of WZ8 electrode was better than that of pure tungsten and cerium tungsten
electrodes at high temperature.

Application: Used for aero engine spraying and heavy machinery cutting.
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Corrosive gas test
Process: Weld in an environment containing chlorine or sulfide to observe electrode surface
corrosion and arc stability.
Results: The chemical stability of the zirconium tungsten electrode made its surface free of obvious
corrosion, and the arc stability was > 95%.
Applications: Validating the applicability of electrodes in the chemical industry.

10.6 Calibration and standardization of zirconium tungsten electrode testing equipment
Calibration and standardization of testing equipment are key to ensuring the accuracy and
repeatability of test results, and must comply with international standards (e.g., ISO/IEC 17025).

Calibration Method:

ICP-MS/XRF: Calibrated using standard samples (e.g., high-purity tungsten, zirconia) every 3—6
months with + 0.001% accuracy.

Hardness tester: calibrated using a standard hardness block (e.g. HV 400) with an error of <+ 2 HV.
SEM/XRD: Regularly calibrate the electron beam and X-ray source to ensure resolution and
diffraction peak accuracy.

Arc test equipment: calibrated with a standard current source and a high-speed camera with an error
of <= S A.

Standardization requirements:

Adhere to ISO 6848, AWS A5.12, and GB/T 4187 test methodologies.

Record calibration data and establish traceability files.

Regularly participate in international comparison tests (e.g. laboratory comparisons organized by
ISO/TC 44).

Modern technology: Automated calibration systems and data management software such as
LabVIEW are used to improve calibration efficiency and data reliability.

10.7 Common problems and solutions in zirconium tungsten electrode detection

Problem 1: Chemical composition detection bias

Phenomenon: ICP-MS or XRF test results deviate from standard values (e.g., zirconia content
exceeds the standard).

Cause: Uneven sample preparation, uncalibrated instrument, or impurity interference.

Solution:

Optimize sample preparation with extended dissolution time (>2 hours) to ensure homogeneity.
Calibrate the instrument regularly, verifying with standard samples.

Blank sample testing is added to eliminate impurity interference.

Problem 2: Inconsistent hardness test
Phenomenon: Hardness values vary greatly from region to region (>+10 HV).
Cause: Uneven sample surface or improperly selected test points.

Solution:
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Improve polishing accuracy (Ra<0.2 1 m).

Increase the number of test points (> 5) and take the average.

Problem 3: Abnormal microstructure analysis

Phenomenon: SEM or XRD shows uneven zirconia distribution or heterogeneous phases.
Cause: Defect in the sintering process or contamination of sample preparation.

Solution:

Optimized sintering parameters (temperature 1800-2200°C, holding for 1-2 hours).
Wash samples with high-purity reagents to avoid contamination.

Problem 4: The arc performance test is unstable

Phenomenon: Arc drift rate >5% or high ignition failure rate.

Cause: Inconsistent electrode tip angle or unstable test conditions.
Solution:

Ensure tip angle tolerance £2°, processed using CNC grinding machine.
Standardized test conditions (e.g., argon flow rate 10-20 L/min).

Through systematic testing methods and problem-solving measures, the quality control of zirconium
tungsten electrodes can meet the needs of high-precision industrial applications.
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Zirconium Tungsten Electrode Introduction

1. Overview of Zirconium Tungsten Electrode

Zirconium tungsten electrode is a non-radioactive welding electrode made by doping a small amount
of zirconium oxide (ZrO2) into a high-purity tungsten base. It is specifically optimized for AC TIG
(Tungsten Inert Gas) welding. Its excellent arc stability and outstanding resistance to contamination
make it the preferred choice for welding aluminum, magnesium, and their alloys.

2. Types of Zirconium Tungsten Electrode

Grade Tip Color = ZrO2 Content (wt.%)  Characteristics & Applications
Ideal for low to medium intensity AC
WZ3 Brown 02-04 ) )
welding; cost-effective
Industry-standard grade with excellent overall

WZ38 White 0.7-0.9
performance

3. Standard Sizes & Packaging of Zirconium Tungsten Electrode

Diameter (mm) Length (mm) Regular Coloring Packing:
1.0 150/ 175 Black / Gold / Blue 10 pcs/box
1.6 150/ 175 Black / Gold / Blue  10pcs/box
2.0 150/ 175 Black / Gold / Blue  10pcs/box
2.4 150/ 175 Black / Gold / Blue  10pcs/box
3.2 150/ 175 Black / Gold / Blue  10pcs/box
4.0 150/ 175 Black / Gold / Blue  10pcs/box
Remark The sizes can be customized

4. Applications of Zirconium Tungsten Electrode
Welding of aluminum and aluminum alloys: such as doors, windows, frames, and automotive
body structures
Welding of magnesium and magnesium alloys: widely used in aerospace lightweight
components
AC welding of stainless steel (under specific low-current conditions)
Precision welding in aerospace, rail transit, pressure vessels, etc.

Used in automated welding systems and robotic torch assemblies

5. Procurement Information

Email: sales@chinatungsten.com
Phone: +86 592 5129595; 592 5129696
Website: www.tungsten.com.cn
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Chapter 11 Future Development Trend of Zirconium Tungsten Electrodes

As a key material in tungsten inert gas shield welding (TIG welding), plasma cutting, and plasma
spraying, zirconium tungsten electrodes occupy an important position in aerospace, automobile
manufacturing, nuclear industry, and other fields due to their excellent arc stability, burnout
resistance, and anti-pollution capabilities. With the rapid development of new material technology,
intelligent production, green manufacturing, and emerging industries, the performance optimization
and application fields of zirconium tungsten electrodes are constantly expanding. This chapter will
explore the future development trends of zirconium tungsten electrodes, including the application
of new materials and technologies, performance optimization directions, trends in intelligent and
automated production, green manufacturing and sustainable development, and potential in emerging
fields, aiming to provide forward-looking reference for industry development.

11.1 Development of new materials and technologies

The rapid development of new materials and technologies provides new possibilities for improving
the performance of zirconium tungsten electrodes and optimizing the production process. The
following analyzes its development trend from two aspects: material innovation and process

technology.

Development of new materials

Nanoscale zirconia doping: Traditional zirconia tungsten electrodes (e.g., WZ3, WZ8) use micron-
scale zirconia (particle size 0.1—1 pm) as a dopant, and will turn to nanoscale zirconia (<100 nm) in
the future. Nanoscale zirconia has higher surface energy and dispersion, which can significantly
improve the arc stability and burnout resistance of the electrode. For example, studies have shown
that nano-ZrO:-doped WZ8 electrodes can increase lifetime by 20%-30% in high-current (300-400
A) AC welding.

Composite doped materials: By doping multiple oxides (such as ZrO»+La:0s, ZrO»+CeO2) at the
same time), which can combine the advantages of zirconium tungsten electrode (arc stability),
lanthanum tungsten electrode (ignition performance) and cerium tungsten electrode (cost
advantage). Composite doped electrodes have smaller grain sizes (510 pum) and are more resistant
to burnout, making them suitable for high-precision welding and plasma spraying.

New matrix materials: Explore tungsten-based composites such as tungsten-tungsten carbide
composites as substrates to improve the hardness (HV 500-600) and wear resistance of electrodes,
extending their life in high-temperature plasma environments.

Functional Coatings: Applying nanoscale ceramic coatings (such as zirconia or titanium nitride) to
the surface of zirconium tungsten electrodes can further enhance contamination resistance and

surface finish (Ra<0.2 pm), reducing contaminant adhesion during welding.

Development of new technologies
Additive Manufacturing (3D Printing): Additive manufacturing techniques can be used to produce
zirconium tungsten electrode blanks with complex structures, optimizing electrode performance by
precisely controlling zirconia distribution and grain size. For example, laser selective melting (SLM)
technology enables uniform doping of ZrO: at the nanoscale and reduces porosity (<0.3%).
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Plasma Spraying Enhancement: Plasma spraying technology is introduced into electrode production
to spray nanoscale zirconia onto the surface of the tungsten matrix to form a uniform doping layer
and improve the electrode's resistance to burnout.
Microwave sintering technology: Microwave sintering (frequency 2.45 GHz) allows for fast and
uniform heating, shortens sintering time (from 4—6 hours to 2—3 hours), reduces grain growth (grain
size is controlled at 5-10 pum), and improves the mechanical properties and arc stability of the
electrodes.
Surface Nanotechnology: Through laser surface treatment or ion beam modification technology,
nanoscale crystal structures are formed on the surface of electrodes, further improving surface
hardness and anti-pollution capabilities. For example, laser-treated WZ8 electrodes have a surface
hardness of up to HV 550 and a 15% increase in contamination resistance.

The application of these new materials and technologies will promote the development of zirconium
tungsten electrodes in the direction of higher performance, lower cost, and more environmentally
friendly, meeting the demanding requirements of aerospace, nuclear industry and other fields.

11.2 Performance optimization direction of zirconium tungsten electrode

The performance optimization of zirconium tungsten electrodes is the core of future development,
focusing on arc stability, ignition performance, burn loss resistance, pollution resistance, and high-
temperature stability.

Arc stability

Optimization direction: Reduce electron escape work (from 2.7-3.0 eV to 2.5-2.7 eV), improve arc
concentration, and reduce drift rate (target <2%) through nanoscale zirconia doping and composite
doping.

Technical path:

High-uniformity mixing techniques such as ultrasonic dispersion are used to ensure uniform
zirconia distribution and reduce arc instability zones.

Optimize the tip geometry design (e.g., tip angle 45°-60°, radius of curvature 0.1-0.2 mm) to
improve arc focusability.

Al-assisted arc analysis was introduced to optimize the doping ratio and process parameters by
monitoring the arc shape in real time (high-speed photography, > 1000 fps).

Application Objective: To improve the stability of zirconium tungsten electrodes in high current
(400-600 A) AC welding to meet the welding needs of thick aluminum and magnesium alloys.

Ignition performance

Optimization direction: reduce the ignition voltage (target <40 V) and increase the ignition success
rate (>99.5%), adapting to high-frequency automated welding equipment.

Technical path:

Nanoscale zirconia is used to improve the electron emission capacity of the electrode surface.

The surface polishing process (Ra<0.1 um) is optimized to reduce the impact of surface defects on

ignition.
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Develop new composite doped electrodes (such as ZrO»+La:0s) and combine the ignition
advantages of lanthanum tungsten electrodes.

Application goal: Improve the efficiency of zirconium tungsten electrode in automated TIG welding
production line and reduce the ignition failure rate.

Resistance to burn damage

Optimization direction: Extend electrode life (target: WZ8 lifetime >150 hours, WZ3>100 hours)
and reduce tip burnout rate (<0.05 mm/h).

Technical path:

Microwave sintering or plasma sintering techniques were used to optimize grain size (5—10 pm) and
increase density (> 98% theoretical density).

Introduce nanoscale ceramic coatings (such as zirconia or alumina) to improve the high-temperature
resistance of the tip (> 3000°C).

Optimize the cooling system (e.g., water-cooled chuck) to reduce the electrode tip temperature.

Application goal: Extend the service life of zirconium tungsten electrodes in plasma cutting and
spraying, and reduce production costs.

Pollution resistance

Optimization direction: improve the anti-fouling performance of the electrode in oxide-containing
(e.g., Al:Os, MgO) or corrosive gas environments, and maintain arc stability (>98%)).

Technical path:

Improves surface finish (Ra<0.1 um) and reduces contaminant adhesion.

Develop anti-contamination coatings (such as titanium nitride or tungsten carbide) to enhance
chemical stability.

Optimize the ratio of protective gases (e.g., 70% argon + 30% helium) to reduce oxide formation.

Application Objective: Improve the reliability of zirconium tungsten electrodes in complex

environments such as marine engineering and chemical industries.

High temperature stability

Optimization direction: Improve the stability of the electrode in a high-temperature plasma
environment (>10,000°C), reduce thermal stress and micro-cracks.

Technical path:

Composite matrix (such as tungsten-tungsten carbide) is used to improve thermal conductivity
(>100 W/m-K) and thermal shock resistance.

Optimize heat treatment processes (e.g., vacuum annealing, 1200-1600°C) to eliminate internal
stresses.

Finite element analysis (FEA) was introduced to optimize the electrode design and reduce high-

temperature deformation.

Application Objectives: Meet the high-temperature requirements of aero engine spraying and
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nuclear industry welding.

These optimization directions will drive the competitiveness of zirconium tungsten electrodes in
high-precision, high-strength applications to meet future industrial needs.

11.3 Trends in intelligent and automated production
Intelligent and automated production is the future trend in zirconium tungsten electrode

manufacturing, significantly improving production efficiency, product quality, and consistency.

Intelligent production system

Industrial Internet of Things (IIoT): Real-time monitoring of production parameters (such as
grinding speed, sintering temperature, pull-out tension) through sensors and data acquisition
systems to achieve digital management of the entire process. For example, [1oT systems can reduce
scrap rates to <1%.

Artificial Intelligence (Al) Optimization: Machine learning algorithms are used to optimize process
parameters, such as automatically adjusting zirconia doping ratio and sintering temperature by
analyzing SEM images and arc test data, with an error <& 0.01%.

Digital twin technology: Establish a digital twin model of the electrode production line to simulate
raw material processing, pressing, sintering, and other processes to predict quality issues and
optimize production efficiency (10%—-20% improvement).

Automated production line

Automated grinding and mixing: Robot-controlled planetary ball mill and V-mixer are used to
achieve continuous and unmanned operation, and the mixing uniformity > 99.5%.

Automated pressing and forming: The cold isostatic press (CIP) is equipped with an automatic
loading and unloading system to press multiple billets (> 100 pieces/batch) in a single press,
increasing production efficiency by 30%.

Automated Machining and Inspection: CNC drawing machines and laser cutting machines achieve
precise machining (tolerance = 0.02 mm) and integrate in-line inspection equipment (e.g., XRF,

laser rangefinder) to reduce manual intervention.

Advantages and challenges

Benefits: increased production efficiency (>30%), reduced labor costs (>20%), and consistent
quality (tolerance <+ 0.02 mm).

Challenge: High initial investment (about 100-5 million US dollars for intelligent equipment) and
training of professional and technical personnel.

Solution: Reduce equipment costs through modular design and cloud technology, and upskill

employees with an online training platform.

The trend of intelligent and automated production will promote the development of zirconium
tungsten electrode manufacturing in the direction of efficiency, precision and low cost to meet the

needs of large-scale industrialization.
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11.4 Green manufacturing and sustainable development
Green manufacturing and sustainable development are important development directions for the
zirconium tungsten electrode industry, driven by global environmental regulations such as EU
REACH and China's Environmental Protection Law.

Green production technology

Low-energy sintering: Microwave sintering or plasma sintering technology is used to reduce energy
consumption by 30%-40% and reduce carbon emissions. For example, a microwave sintering oven
consumes about 60% of the energy of a conventional vacuum sintering furnace.

Waste recycling: Develop recycling technology for tungsten powder and zirconia to increase the
recovery rate of waste materials (such as grinding dust, cutting waste) in the production process
to >90%. For example, China Tungsten High-tech has achieved a tungsten powder recovery rate of
95%.

Contamination-free process: Use environmentally friendly lubricants (such as water-based
lubricants) instead of traditional graphite lubricants to reduce contamination during drawing and
polishing.

Eco-friendly materials

Non-Radioactive Electrode: The non-radioactive nature of zirconium tungsten electrodes makes
them an ideal alternative to thorium tungsten electrodes (WT20) and comply with REACH
regulations. Future standards may ban the use of thorium tungsten electrodes altogether.
Degradable packaging: Replacing traditional plastic packaging with biodegradable materials such
as bio-based plastics reduces environmental pollution.

Low impurity materials: By optimizing the raw material purification process, the impurity content
(<0.003%) is reduced, and the exhaust gas emissions in the production process are reduced.

Sustainable supply chain

Green Supply Chain Management: Collaborate with tungsten ore and zirconia suppliers, prioritizing
suppliers that comply with ISO 14001 certification, ensuring environmental friendliness in raw
material extraction and processing.

Circular economy model: Establish an electrode recycling system, collect used zirconium tungsten
electrodes, extract tungsten and zirconia for reuse, and reduce resource waste.

Policy and market driven

Regulatory Promotion: China's Carbon Peak and Carbon Neutrality Goals and the European Union's
Green New Deal require manufacturing to reduce energy consumption and emissions, and
zirconium tungsten electrode production needs to comply with these regulations.

Market incentives: Green certifications (such as ISO 14001, green manufacturing certification) can
enhance the competitiveness of enterprises and attract high-end customers (such as aerospace

enterprises).

The implementation of green manufacturing and sustainable development will enhance the

environmental image of the zirconium tungsten electrode industry and promote its long-term
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competitiveness in the global market.

11.5 The potential of zirconium tungsten electrodes in emerging fields
Zirconium tungsten electrodes have great potential for applications in emerging fields, driven by
new energy, additive manufacturing, space exploration, and medical technology development.

New energy industry

Wind and Solar: The manufacturing of wind turbines and solar equipment involves welding
aluminum alloys and stainless steel, with zirconium tungsten electrode (WZ8) being preferred for
its arc stability and resistance to pollution. For example, WZ8 electrodes are used for TIG welding
in the manufacture of Siemens wind turbine blades.

Hydrogen energy equipment: The manufacturing of hydrogen storage tanks and fuel cells requires
high-quality welding, and the excellent performance of zirconium tungsten electrodes in stainless
steel and nickel alloy welding meets these needs.

Potential: As global renewable energy capacity grows (expected to reach 5,000 GW by 2030), the
demand for zirconium tungsten electrodes will increase by 20%—30%.

Additive Manufacturing (3D Printing)

Applications: Zirconium tungsten electrodes can be used for plasma arc deposition (PAD) in
additive manufacturing to create high-precision tungsten-based composite components. For
example, GE Aviation uses plasma arc deposition to manufacture turbine blades, and zirconium
tungsten electrodes provide a stable plasma arc.

Potential: The rapid growth of the additive manufacturing market (CAGR >20%) will drive the
application of zirconium tungsten electrodes in high-precision manufacturing.

Space exploration

Applications: Zirconium tungsten electrodes are used for welding lightweight materials (such as
aluminum alloys, magnesium alloys) in spacecraft and rockets, as well as plasma spraying for high-
temperature resistant coatings. For example, SpaceX's Starship rocket is built with WZ8 electrodes
for TIG welding.

Potential: With the development of commercial aerospace (e.g., SpaceX, Blue Origin), the demand
for zirconium tungsten electrodes in high-reliability welding will continue to grow.

Medical technology

Applications: Zirconium tungsten electrodes are used for TIG welding of medical implants such as
titanium skeletal implants and plasma spraying of biocompatible coatings (such as hydroxyapatite).
Its anti-fouling capabilities ensure that the welds are non-toxic and defect-free.

Potential: The global medical implant market is expected to reach $150 billion by 2030, and the
application of zirconium tungsten electrodes in high-precision medical manufacturing will increase

significantly.

Other emerging fields
Microelectronics Manufacturing: Zirconium tungsten electrodes can be used for micro-TIG
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soldering to create semiconductor devices and electronic components.
Marine Engineering: Zirconium tungsten electrodes offer corrosion resistance advantages in
welding deep-sea equipment, such as aluminum alloy submarine shells.
Nuclear Fusion Research: Zirconium tungsten electrodes have potential applications in plasma

spraying and welding in fusion devices such as ITER, meeting high temperature and high radiation
requirements.

The rapid development of these emerging fields will provide a broad market space for zirconium
tungsten electrodes, driving their technological innovation and application expansion.

Tungsten
Electrodes

4.0mmx150mm
(S/32"16")

0.8% Zirconiated(WZ8)

10 Picces
Ground Finish

ANSIAWS AS12M-98
150 6848

Chapter 12 Recycling and Recycling of Zirconium Tungsten Electrodes

As a key material in tungsten inert gas shield welding (TIG welding), plasma cutting, and plasma
spraying, zirconium tungsten electrodes are widely used in aerospace, automobile manufacturing,
nuclear industry, and other fields due to their high melting point, excellent arc stability, and burnout
resistance. However, the production of zirconium tungsten electrodes relies on the rare metals
tungsten and zirconium, which are scarce resources and high mining costs, and recycling and
recycling have become important ways to achieve sustainable development. This chapter will
discuss in detail the recycling process of zirconium tungsten electrodes, the economic value of
recycling, pollution control and environmental protection regulations in the recycling process, as
well as the current status and development trend of recycling at home and abroad, providing a
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reference for green manufacturing and circular economy for the industry.

12.1 Recycling process of scrap electrodes

Scrapped zirconium tungsten electrodes mainly come from electrodes that are worn after use,
cutting waste, defective products and scrap materials in the production process. The recycling
process aims to separate, purify, and reuse tungsten and zirconia (ZrQO2), including collection, sorting,
decomposition, purification, and reprocessing.

Collection and sorting

Collection: End-of-life electrodes are collected from welding shops, cutting plants, and
manufacturing businesses through recycling networks, often transported to recycling centers in
scrap bins or specialized containers.

Sorting: Sort according to the electrode type (such as WZ3, WZS), remove non-zirconium tungsten
electrodes (such as thorium tungsten, cerium tungsten) and non-metallic impurities (such as welding
slag, oil stains). Commonly used equipment includes:

Magnetic separator: removes ferromagnetic impurities (such as Fe content <0.005%).

Vibrating screen: separates electrode fragments of different sizes (sieve hole 10-50 mm).

Manual sorting: For complex waste, manual inspection is used to ensure the accuracy of
classification.

Requirements: The purity of the zirconium tungsten electrode after sorting is >95%, and the
impurity content is <1%.

Decomposition and crushing

Mechanical crushing: The scrap electrode is crushed into small particles (particle size 1-10 mm)
using a jaw crusher or hammer crusher. Equipment features:

Power: 50-100 kW, processing 0.5-2 t/h.

Dust-proof design: Equipped with a vacuum suction system to control dust emissions < 10 mg/m?.

Chemical decomposition: For electrodes with heavy surface contamination (such as oxides or oil),
pickling (nitric acid or hydrofluoric acid solution, concentration 5%—-10%) is used to remove surface
impurities.

Results: The crushed particles were suitable for subsequent purification, and the removal rate of
surface contaminants was > 99%.

purification
Hydrometallurgy: Separation of tungsten and zirconia by chemical dissolution and precipitation.
Tungsten extraction: Ammonia (NH+OH, concentration 10%-20%) is used to dissolve the crushed
particles to form an ammonium tungstate solution, which is crystallized and calcined to obtain high-
purity tungsten powder (purity >99.9%).
Zirconia extraction: Sulfuric acid (H2SOs, concentration 10%—15%) is used to dissolve zirconium
compounds, ammonia water is added to form Zr(OH)s precipitate, and zirconia powder
(purity >99.5%) is obtained after calcination.
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Pyrometallurgy: Chlorination (chlorine gas flow rate 10-20 L/min) is used at high temperatures
(800—1000°C) to convert tungsten and zirconium into volatile chlorides, which are then separated
by distillation.

Results: The recovery rate of tungsten was >90%, the recovery rate of zirconia was >85%, and the
impurity content was < 0.005%.

Reprocessed

The purified tungsten powder and zirconia powder are remade into zirconium tungsten electrode
blanks through grinding, mixing, pressing, and sintering processes (see Chapter 8). Key parameters:
Grinding: Using a planetary ball mill, refine to 3—5 pm (tungsten) and 0.1-0.5 pm (zirconia).
Mixing: V-mixer with > 99.5% uniformity.

Pressing: Cold isostatic press, pressure 100-200 MPa, billet density 60%—70%.

Sintering: vacuum sintering furnace, temperature 1800-2200°C, density >98% theoretical density.

Process advantages:

High recovery: The combined recovery of tungsten and zirconia can reach 85%—-95%.

High purity: Recycled materials meet ISO 6848 and GB/T 4187 standards (tungsten purity >99.5%,
impurities <0.005%).

Cost-effectiveness: The cost of the recovery process is approximately 50%—-60% of the cost of

producing virgin tungsten.

Process Challenge:

The sorting of complex waste is difficult, and the automatic sorting technology needs to be
optimized.

The chemical purification process may produce acidic waste liquid, which needs to be strictly

controlled for environmental protection.

12.2 Recycling and economic value of zirconium tungsten materials

The recycling of zirconium tungsten electrodes not only reduces resource waste but also has
significant economic value. As a rare metal, tungsten has limited global reserves (about 3.5 million
tons, 2023 data), and zirconium resources are also scarce, and recycling can effectively alleviate

resource pressure.

Recycling pathways

Direct reuse: Lightly worn zirconium tungsten electrodes (length > 50 mm, no surface
contamination) can be used directly for low-demand welding tasks by cleaning and regrinding the
tip (angle 45°-60°).

Powder reprocessing: Purified tungsten powder and zirconia powder can be reused in zirconium
tungsten electrode production for WZ3 (0.15%-0.4% ZrO-) and WZ8 (0.7%—0.9% ZrO-) grades.
Other uses: Recycled tungsten powder can be used to produce cemented carbide (such as WC-Co),

tungsten steel or tungsten matrix composites; Zirconia can be used in ceramic coatings or refractory

materials.
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economic value
Cost savings: The cost of recycling tungsten powder is about 50% of virgin tungsten powder, and
the cost of recycling zirconia is about 60% of that of virgin zirconia.
Resource efficiency: Every 1 ton of zirconium tungsten electrode recovered can reduce the mining
of about 0.9 tons of tungsten ore and 0.05 tons of zirconium ore, reducing mining costs.
Market Size: The global tungsten recycling market is expected to reach $2 billion by 2025, with an
annual growth rate of about 7%. Zirconium tungsten electrode recycling is expected to account for
10%—15% of the market share as a sub-sector.

Technical support

Efficient Purification: Advancements in hydrometallurgy and pyrometallurgy techniques have
improved recovery efficiency, with tungsten recovery rates increasing from 80% to over 90%.
Circular economy model: Establish a closed-loop recycling system to form a complete industrial

chain from collection to reprocessing to reduce resource waste.

Challenges and solutions

Challenge: Recycled materials may be less pure than virgin materials, affecting high-end electrode
performance.

Solution: Multi-stage purification (e.g., ion exchange + distillation) ensures a purity of 99.9% >
recovered materials, meeting demanding applications such as aerospace.

The economic value of recycling has promoted the development of the zirconium tungsten electrode
recycling industry, creating significant cost and resource benefits for enterprises.

12.3 Pollution control and environmental protection specifications in the recycling process
Zirconium tungsten electrode recycling involves chemical treatment and high-temperature
processing, which may produce waste liquid, exhaust gas, and dust, and strictly adhere to
environmental protection regulations (such as ISO 14001, EU REACH, China's Environmental
Protection Law).

Types of pollution and control measures

Waste Liquid: Acidic waste liquids in hydrometallurgy (such as nitric acid, hydrofluoric acid) may
contain heavy metal ions.

Control measures:

Neutralization treatment: Sodium hydroxide (NaOH) is used to neutralize the waste liquid at pH
controlled at 6.5-8.5.

Precipitation recovery: Heavy metals are precipitated by adding flocculants (such as polyaluminum
chloride), with a recovery rate of > 95%.

Recycling: The treated waste liquid can be recycled for the cleaning process, reducing emissions.

Exhaust gases: Chlorine (Clz) or ammonia (NHs) in pyrometallurgy can leak, endangering the
environment and health.

Control measures:
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Exhaust gas absorption: Activated carbon or lye (NaOH solution) is used to absorb exhaust gases,
and the emission concentration < 0.1 mg/m®.

Closed system: Equipped with a negative pressure exhaust device to prevent gas leakage.

Dust: Tungsten and zirconia dust generated during grinding and crushing can contaminate the air.
Control measures:

Efficient dust removal: Dust emission < 10 mg/m?* with baghouse or electrostatic precipitator.
Wet operation: Add water mist during grinding and crushing to reduce dust flying.

Environmental protection norms

International norms:

ISO 14001: Requires recycling companies to establish an environmental management system and
regularly audit emissions and waste disposal processes.

REACH: The European Union requires that hazardous substances (such as hexavalent chromium)
not be used or discharged during the recycling process, and zirconium tungsten electrodes need to
provide MSDS (Material Safety Data Sheet).

Domestic Specifications:

Environmental Protection Law: The waste discharge of recycling enterprises is required to comply
with the Comprehensive Sewage Discharge Standard (GB 8978-1996), and the concentration of
heavy metals is < 0.1 mg/L.

Law on the Prevention and Control of Environmental Pollution by Solid Waste: Requires proper
disposal of solid waste (such as sedimentation slag) in the recycling process to prevent secondary
pollution.

Certification requirements: Recycling companies need to obtain green manufacturing certification

or circular economy certification to enhance market competitiveness.

Technical support

Green purification technology: Ion exchange and membrane separation technology are used to
reduce the amount of waste liquid generated (<0.5 m?/ton).

Waste heat recovery: Install waste heat boilers in pyrometallurgy to recover high-temperature
exhaust gas heat and reduce energy consumption by 20%—30%.

Automated Monitoring: Use online monitoring systems (e.g., COD analyzers, gas detectors) to

monitor emissions in real-time to ensure compliance with environmental standards.

Through strict pollution control and environmental protection regulations, zirconium tungsten

electrode recycling can achieve green production and meet global sustainable development

requirements.

Copyright and Legal Liability Statement
Copyright© 2025 CTIA All Rights Reserved Tel: 0086 592 512 9696
Standard document version number CTIAQCD -MA-E/P 2024 version CTIAQCD -MA-E/P 2018- 2025V

Www.ctia.com.cn sales@chinatungsten.com
Page 100 of 105


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

1-' CTIA GROUP LTD
ClNQOuugme gaiD #ERAR
CTIA GROUPLTD

Zirconium Tungsten Electrode Introduction

1. Overview of Zirconium Tungsten Electrode

Zirconium tungsten electrode is a non-radioactive welding electrode made by doping a small amount
of zirconium oxide (ZrO2) into a high-purity tungsten base. It is specifically optimized for AC TIG
(Tungsten Inert Gas) welding. Its excellent arc stability and outstanding resistance to contamination
make it the preferred choice for welding aluminum, magnesium, and their alloys.

2. Types of Zirconium Tungsten Electrode

Grade Tip Color = ZrO2 Content (wt.%)  Characteristics & Applications
Ideal for low to medium intensity AC
WZ3 Brown 02-04 ) )
welding; cost-effective
Industry-standard grade with excellent overall

WZ38 White 0.7-0.9
performance

3. Standard Sizes & Packaging of Zirconium Tungsten Electrode

Diameter (mm) Length (mm) Regular Coloring Packing:
1.0 150/ 175 Black / Gold / Blue 10 pcs/box
1.6 150/ 175 Black / Gold / Blue  10pcs/box
2.0 150/ 175 Black / Gold / Blue  10pcs/box
2.4 150/ 175 Black / Gold / Blue  10pcs/box
3.2 150/ 175 Black / Gold / Blue  10pcs/box
4.0 150/ 175 Black / Gold / Blue  10pcs/box
Remark The sizes can be customized

4. Applications of Zirconium Tungsten Electrode
Welding of aluminum and aluminum alloys: such as doors, windows, frames, and automotive
body structures
Welding of magnesium and magnesium alloys: widely used in aerospace lightweight
components
AC welding of stainless steel (under specific low-current conditions)
Precision welding in aerospace, rail transit, pressure vessels, etc.

Used in automated welding systems and robotic torch assemblies

5. Procurement Information

Email: sales@chinatungsten.com
Phone: +86 592 5129595; 592 5129696
Website: www.tungsten.com.cn
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12.4 The current situation and development trend of zirconium tungsten recycling at home
and abroad
The zirconium tungsten electrode recycling industry is witnessing a rapid global trend, driven by
resource scarcity, environmental regulations, and economic benefits. The following analyzes the
current situation and development trend at home and abroad.

Domestic status

Recycling scale: China is the world's largest producer of tungsten (accounting for more than 80%
of global production, about 60,000 tons in 2023), and the annual processing volume of the zirconium
tungsten electrode recycling market is about 500-1,000 tons, accounting for 10%—15% of the
tungsten recycling market.

Technical level: hydrometallurgy and pyrometallurgy technology are mature, with a recovery rate
of 85%-90%, but nanoscale zirconia recovery technology still needs to be broken through.

Policy support: "Made in China 2025" and "Circular Economy Development Strategy” encourage
tungsten resource recycling, and some regions (such as Ganzhou, Jiangxi) offer tax incentives and
subsidies.

Challenges: The recycling network is not perfect, and small and medium-sized welding enterprises
lack a systematic waste electrode collection mechanism. The cost of environmental protection
treatment is high.

International status

Recycling scale: The global tungsten recycling market has an annual processing capacity of about
15-20,000 tons, and zirconium tungsten electrode recovery accounts for about 10%, mainly
concentrated in Europe (Austria, Germany) and North America.

Technical level: European and American countries are leading in automated sorting and green
purification technology.

Policy-driven: The EU's Circular Economy Action Plan and the US Resource Conservation and
Recovery Act call for higher tungsten recovery and less primary mineral mining.

Challenges: High recycling costs and insufficient competitiveness of small recycling enterprises.

Development trend

Technological Advancements:

Efficient sorting: Al visual recognition and robot sorting technology are used to improve the
efficiency of waste electrode sorting (>95%).

Green purification: development of acid-free hydrometallurgical technology (e.g. biometallurgy) to
reduce waste liquid emissions (<0.2 m3/ton).

Nanoscale Recycling: Develop nanoscale zirconia recovery technology to meet the production
needs of high-end electrodes such as WZ8.

Market Expansion:
Emerging sectors: Rapid developments in new energy sources (wind, hydrogen), additive
manufacturing, and space exploration will increase the demand for zirconium tungsten electrodes,
driving the growth of the recycling market (expected to reach USD 3 billion by 2030).
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Global Cooperation: Establish an international recycling network to facilitate the cross-border

transportation and disposal of waste electrodes.

Policy support:

Carbon neutrality goals: China's "2060 carbon neutrality" and the EU's "2050 net-zero emissions"
goals will promote the popularization of green recycling technologies.

Standard formulation: Formulate a globally unified tungsten electrode recycling standard (such as
ISO extended standard) to standardize the recycling process and quality requirements.

Circular economy model:

Establish a closed-loop system of "production-use-recycling-reproduction” to extend the life cycle
of tungsten and zirconium resources.

Promote the "electrode rental" model, where users return used electrodes to manufacturers to reduce

recycling costs.

The continued development of the zirconium tungsten electrode recycling industry will promote
resource recycling, reduce environmental impact, and create significant economic benefits for the
industry.

Tungsten
Electrodes
3. 2mm % 150mm
[approx.1/8"x 6" ]
0.8% Zirconiated(Vi8)
10 Pieces
Ground Finish
ANSI/AWSAS. 124-98
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Appendix

A. Glossary

Zirconium Tungsten Electrode: Tungsten-based electrode doped with zirconia for TIG welding
and plasma cutting.

Grade: Electrode models divided according to zirconium content and performance, such as WZ3
and WZS.

Arc Stability: The electrode's ability to maintain a stable arc during welding.

Ignition Performance: How casy it is for the electrode to start the arc.

Sintering: The process of bonding powder particles into a dense material through high temperatures.
Doping: A process in which zirconium oxide is added to a tungsten matrix to improve performance.
TIG Welding (Tungsten Inert Gas Welding): Tungsten arc welding using inert gas protection.
Plasma Cutting: A process that uses a high-temperature plasma arc to cut through metal.
Microstructure: The grain and phase structure of the electrode material observed under a
microscope.

Burn-off Resistance: The ability of the electrode to resist losses under high-temperature arcing.
ISO 6848: International Organization for Standardization Standard for Classification and
Requirements for Tungsten Electrodes.

AWS AS5.12: Specification standard for tungsten electrodes of the American Welding Society.
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