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INTRODUCTION TO CTIA GROUP 

 

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

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

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

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

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

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

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

and molybdenum alloys. 

 

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

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

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

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

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

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

performance, market prices, and market trend services. 

 

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

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

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

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

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

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

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

materials in the Industrial Internet era.  

 

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

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

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

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

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

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

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

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

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

High-Density Tungsten Alloy Customization Service 

 

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

production with 30 years of experience. 

 

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

mature technology. 

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

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

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

performance. 

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

100,000+ customers 

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

sports and entertainment and other fields. 

Service commitment 

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

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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Chapter 1 Understanding Tungsten Alloy Nozzles 

 

1.1 What is a tungsten alloy nozzle? 

 

Tungsten alloy nozzles are high-density, high-strength, and wear-resistant functional components with a 

specific flow channel structure. They are made primarily of tungsten (typically with a mass fraction of 

over 85%), with the addition of binder phases such as nickel, iron, copper, cobalt, or molybdenum , and 

manufactured using powder metallurgy liquid-phase sintering processes. Under extreme operating 

conditions, they are crucial for the directional jetting of high-pressure gases, liquids, molten particles, or 

plasma at extremely high speeds, with extremely high precision and extremely low divergence angles. 

Simultaneously, they must withstand long-term attacks from high-temperature oxidation, abrasive 

erosion, cavitation fatigue, thermal shock cracking , and the combined onslaught of highly corrosive 

media. Compared to traditional cemented carbide, zirconia ceramic, stainless steel, titanium alloy, and 

even pure tungsten nozzles, tungsten alloy nozzles have achieved a qualitative leap in hardness, 

toughness, density, temperature resistance limit, erosion resistance life, and overall cost-effectiveness. 

They have become the most core and demanding throat actuators in cutting-edge processes such as 

thermal spraying, high-velocity oxygen fuel (HVOF) spraying, plasma spraying, cold spraying, high-

pressure water jet cutting, laser cladding powder feeding, diesel common rail fuel injection, gas turbine 

combustion chambers, industrial sandblasting and rust removal, precision atomization , and plasma 

generators. 

 

The emergence of tungsten alloy nozzles is essentially a product of the deep integration of materials 

science with multiple disciplines such as fluid mechanics, thermodynamics, and surface engineering. It 

not only inherits tungsten's extremely high melting point, hardness, and resistance to softening, but also 

overcomes the inherent brittleness of pure tungsten and ceramics through the introduction of a ductile 

binder phase , achieving an ideal combination of "hardness and toughness." Simultaneously, the high 

density results in enormous mass inertia and heat capacity, allowing it to maintain millisecond-level 

geometric stability even under high-speed jet recoil and high-temperature thermal shock. Controllable 

magnetism and excellent thermal conductivity enable it to operate safely in strong electromagnetic fields 

or high-power thermal load environments. It is this ultimate balance of multidimensional properties that 

makes tungsten alloy nozzles stand out from numerous candidate materials, becoming the "choke point 

guardian" for today's industrial processes with the highest requirements for spray precision, service life, 

and operational reliability. 

 

From a broader perspective, tungsten alloy nozzles represent a typical extension of high-density alloys 

in terms of functionality, precision, and extreme applications. They are no longer simply wear-resistant 

parts, but rather system-level key components integrating energy conversion, mass transfer, surface 

modification, and environmental shielding. A seemingly insignificant nozzle often determines whether 

equipment worth hundreds of millions of yuan on an entire production line can operate stably, whether 

the coating quality meets aerospace-grade standards, whether waterjet cutting precision reaches the 

micron level, and whether fuel atomization achieves ultra-low emissions. Therefore, the understanding 

of tungsten alloy nozzles should not be limited to "a nozzle made of a wear-resistant material," but should 

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


 

 
COPYRIGHT AND LEGAL LIABILITY STATEMENT 

 

Copyright© 2024 CTIA All Rights Reserved                                                               电话/TEL：0086 592 512 9696  
标准文件版本号 CTIAQCD-MA-E/P 2024版                                                            CTIAQCD-MA-E/P 2018-2024V 

www.ctia.com.cn                                                                                         sales@chinatungsten.com 
第 11 页 共 107 页 

be elevated to the strategic level of "the most vulnerable yet most important link in the modern high-end 

manufacturing process chain." Only by deeply understanding the coupling mechanism of its materials-

structure-process-environment can we truly grasp the initiative in its design, manufacturing, and 

application. 

 

1.1.1 Definition and Basic Components of Tungsten Alloy Nozzles 

 

A tungsten alloy nozzle can be precisely defined as: a functional component with a defined flow channel 

geometry, made of tungsten-based high-density alloy (tungsten content not less than 85%) through cold 

isostatic pressing, vacuum or hydrogen liquid-phase sintering, precision machining, and optional surface 

strengthening treatment, used to achieve supersonic/high-speed directional jetting of high-pressure fluids 

or particle beams. Its basic components include three core elements: the flow channel system, the external 

interface system, and the surface functional layer. 

 

The flow channel system is the decisive part of nozzle performance, typically consisting of an inlet 

section, a converging section, a throat (minimum cross-section), and an expansion section in sequence. 

The typical configuration is a Laval configuration, but it can also be designed as a straight pipe, venturi 

tube , or multi-stage convergence/expansion structure as needed . The throat diameter and surface 

roughness directly determine the jet velocity, flow stability, and energy utilization. The external interface 

system is designed according to the installation method, using threaded connections, flanges, quick-

change clamps, brazed embedded parts, or integral designs to ensure high-precision fit and airtightness 

with the spray gun, booster cylinder, or combustion chamber. The surface functional layer is a key gain 

that distinguishes modern tungsten alloy nozzles from traditional nozzles . This includes boronizing 

hardening layers, PVD TiAlN / CrN /DLC coatings, laser-remelted dense layers, or composite multilayer 

systems, used to further enhance resistance to erosion, oxidation, adhesion, and thermal shock. 

 

At the microscopic level, tungsten alloy nozzles exhibit a two-phase structure: hard tungsten particles 

form a continuous or near-continuous framework, while a binder phase uniformly fills the gaps and forms 

a network-like coating. The tungsten particles provide hardness and wear resistance, while the binder 

phase provides toughness and thermal shock resistance. Together, they ensure that the nozzle does not 

undergo plastic deformation or brittle chipping when subjected to tens of thousands of impacts from 

abrasive particles or instantaneous thermal shocks of thousands of degrees. This structure also endows 

the nozzle with excellent machinability and repairability, enabling it to achieve complex internal flow 

channels and micron-level dimensional and positional tolerances through precision CNC machining, and 

to achieve multiple life extensions through recoating or remelting after localized wear. 

 

1.1.2 Classification of Tungsten Alloy Nozzles 

 

Tungsten alloy nozzles have formed a multi-dimensional classification system encompassing 

composition, flow channel geometry , application field, working medium, surface strengthening , and 

pressure rating. Each dimension corresponds to a clear performance focus and a dedicated process route. 
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According to their composition systems, nozzles are classified into tungsten -nickel-iron type (high 

strength, high temperature resistance), tungsten-nickel-copper type (non-magnetic, corrosion resistant), 

tungsten -copper type (high thermal and electrical conductivity), tungsten-nickel-molybdenum/rhenium 

type ( ultra-high temperature creep resistance ), and rare earth or carbide-reinforced types. According to 

their flow channel geometry, they are classified into Laval supersonic type, Venturi type, straight pipe 

type, multi-hole split type, and coaxial powder feeding type. According to their application fields, they 

are classified into thermal spray nozzles (HVOF, APS, cold spray), high-pressure water jet nozzles, 

sandblasting and rust removal nozzles, fuel/gas atomizing nozzles, laser cladding powder feeding nozzles, 

plasma generator electrode nozzles, and industrial cleaning nozzles. According to their working medium 

and pressure level, they are classified into ultra-high pressure water medium type, high-speed powder-

containing gas type, high-temperature plasma type, and low-pressure atomizing type. According to their 

surface strengthening process, they are classified into boronizing type, PVD hard coating type, DLC low-

friction type, laser remelting type, and multi-layer composite functional type. 

 

The above classification dimensions can be freely combined to form a highly customized product 

portfolio. For example, a tungsten-nickel-copper Laval nozzle used for rust removal of offshore wind 

turbine blades may simultaneously possess four major characteristics: non-magnetic, salt spray corrosion 

resistance, DLC coating, and compatibility with ultra-high pressure water media; while a tungsten-

nickel-iron nozzle used for HVOF coating of aero-engines emphasizes high-temperature oxidation 

resistance, boronizing hardening, and supersonic airflow stability. This systematic and combinable 

classification method not only meets the diverse needs of the industry but also provides materials 

engineers with a clear design and selection path, ensuring that each tungsten alloy nozzle can achieve 

optimal performance and maximum lifespan under specific operating conditions. 

 

1.2 The Value of Tungsten Alloy Nozzles: Why Choose Tungsten Alloy? 

 

tungsten alloy nozzles have rapidly replaced cemented carbide, ceramic, stainless steel, titanium alloy, 

and even pure tungsten nozzles over the past two decades to become the absolute mainstream of high-

end jetting processes is that they have achieved a multi-dimensional performance limit balance that 

traditional materials cannot reach under the most demanding working conditions: they are hard enough 

to resist abrasive erosion and tough enough to avoid brittle fracture; they can maintain their shape at 

instantaneous temperatures of thousands of degrees and remain unfailed for a long time under the 

combined effects of ultra-high pressure water hammer and cavitation ; they have high density to provide 

sufficient mass inertia to suppress vibration and good thermal conductivity to quickly dissipate local 

thermal shock; they are chemically inert to resist strong oxidation and corrosion and can be precision 

machined and surface functionalized to meet the requirements of micron-level flow channels and 

complex interfaces. 

 

1.2.1 Performance leap of tungsten alloy nozzles compared to traditional nozzles 

 

Compared to traditional nozzle materials, tungsten alloy nozzles have achieved a qualitative leap in 

almost all core indicators that determine service life and process quality. While cemented carbide nozzles 
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have high hardness, their insufficient toughness makes them prone to microcrack propagation and 

chipping failure under the impact of high-speed airflow or ultra-high-pressure water jets containing hard 

particles . Tungsten alloy nozzles, through the introduction of a ductile binder phase, significantly 

improve impact toughness while retaining hardness close to that of cemented carbide, extending their 

service life by several to tens of times under the same operating conditions. Zirconia ceramic nozzles, 

although heat-resistant and chemically inert, are inherently brittle and shatter upon thermal shock or 

mechanical vibration . In contrast, the thermal shock resistance of tungsten alloy nozzles allows them to 

serve for extended periods without cracking in the harsh environments of plasma spraying and laser 

cladding, where temperature fluctuations are intense . 

 

Stainless steel and titanium alloy nozzles are adequate for routine cleaning and low-pressure spraying, 

but they quickly suffer from pitting, oxidation, or softening failure when exposed to high-temperature 

oxidizing atmospheres or highly corrosive media. Tungsten alloy nozzles, especially the tungsten-nickel-

copper system, remain nearly inert in acid, alkali, salt spray, and high-temperature oxidizing 

environments, and their surfaces show almost no mass loss or dimensional changes after appropriate 

passivation or coating. Although pure tungsten and molybdenum nozzles have extremely high melting 

points, they are prone to recrystallization embrittlement and oxidation ablation at high temperatures. 

Tungsten alloy nozzles, through the use of a binder phase to inhibit recrystallization and enhance 

oxidation resistance, achieve actual temperature resistance limits and ablation resistance lifespans far 

exceeding those of pure metals. 

 

In terms of jet quality and process stability, the high density and extremely low coefficient of thermal 

expansion of tungsten alloy nozzles result in minimal geometric deformation under high-speed recoil 

and thermal shock. The throat diameter and inner wall roughness remain in their initial state over a long 

period, ensuring a high degree of consistency in jet velocity, divergence angle, and flow rate. In contrast, 

traditional material nozzles often experience rapid deterioration in jet quality due to thermal deformation 

or wear, forcing frequent downtime for replacement. Overall, tungsten alloy nozzles address the 

shortcomings of traditional nozzles one by one while further amplifying their advantages, achieving a 

leap from "barely usable" to "irreplaceable." This also brings tangible quality improvements to 

downstream processes, such as higher coating bonding strength, narrower kerf width , finer atomized 

particles, and higher cleaning efficiency. 

 

1.2.2 Value of Tungsten Alloy Nozzles in Typical Scenarios 

 

In the scenario of supersonic flame spraying (HVOF) for thermal barrier coatings of aero-engines, the 

nozzles must simultaneously withstand the scouring of high-speed, high-temperature airflow containing 

zirconium oxide particles and severe thermal shock. Carbide nozzles typically only last a few hundred 

hours before severe flaring and a decline in coating quality occur. In contrast, tungsten alloy nozzles, 

with their superior resistance to particle erosion and high-temperature softening, can easily achieve a 

single-piece lifespan of several thousand hours. This greatly reduces the number of downtimes for nozzle 

replacements and the coating rework rate, directly reducing the coating cost per engine for aero-engine 

maintenance companies by tens of percentage points, while ensuring that the bonding strength and 
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thermal insulation performance of the thermal barrier coating are always at the highest level. 

 

In the field of high-pressure water rust removal for ships and offshore wind power, traditional tungsten 

carbide nozzles often develop cavitation pits and throat widening within a few weeks under the combined 

effects of salt spray and ultra-high pressure, resulting in a decrease in rust removal level and an increase 

in water consumption. Tungsten nickel copper alloy nozzles, when combined with DLC or CrN coatings, 

not only completely eliminate corrosion and cavitation, but also extend the life of a single nozzle to 

thousands of hours or more, turning the rust removal operation window from frequent nozzle replacement 

to almost maintenance-free, greatly improving the efficiency and safety of offshore construction. 

 

In high-end laser cladding coaxial powder feeding scenarios, powder adhesion or wear and bulging on 

the inner wall of the powder feeding nozzle can lead to powder beam dispersion, unstable molten pool, 

and loss of forming precision. The mirror-grade inner wall of the tungsten alloy nozzle and its extremely 

low coefficient of friction ensure smooth powder flow without adhesion, and the throat size remains 

unchanged for thousands of hours, ensuring that the width fluctuation of a single cladding layer is 

controlled within the micrometer level. This provides irreplaceable precision and reliability guarantees 

for high-value repair projects such as nuclear power plant main pipeline repair and mining hydraulic 

support remanufacturing. 

 

In the fields of medical spraying and precision atomization, non-magnetic tungsten-nickel-copper 

nozzles completely eliminate the impact of magnetic field interference on drug particle trajectory and 

deposition uniformity, enabling unprecedented levels of consistency in stent drug coating thickness and 

directly improving the clinical success rate of implantable devices and patient safety. It is precisely these 

tangible benefits of extended lifespan, improved quality, reduced costs, and lower risks in these typical 

scenarios that collectively constitute the overwhelming value of choosing tungsten alloy nozzles, 

transforming them from an "expensive high-end option" into the "most economical and essential solution 

in the long run." 

 

1.3 Basic Characteristics of Tungsten Alloy Nozzles 

 

Tungsten alloy nozzles can maintain geometric accuracy, jet quality, and functional integrity under 

extreme conditions for extended periods is fundamentally due to the multiple properties of the material 

itself at the physical, mechanical, thermal, chemical, and technological levels. These properties do not 

exist in isolation, but rather, through the synergistic effect of powder metallurgy dual-phase structure, 

binder phase optimization, and surface engineering, they form a highly coupled performance system with 

almost no obvious weaknesses. This allows it to significantly surpass traditional nozzle materials in 

almost all key indicators, becoming the material basis for the establishment of modern high-end jetting 

processes. 

 

First, it possesses extremely high hardness and excellent wear resistance. Tungsten particles themselves 

are extremely hard, and when forming a continuous or semi-continuous skeleton, the overall hardness of 

the nozzle far exceeds that of ordinary hard alloys and stainless steel. When subjected to high-speed 
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erosion by alumina, silicon carbide, glass beads, garnet, or even diamond particles, the surface only 

develops very shallow plastic grooves with almost no mass loss, thus ensuring that the throat diameter 

and inner wall smoothness remain largely unchanged for thousands of hours. Second, it exhibits high 

toughness and a composite damage resistance capability against thermal shock and cavitation. The 

presence of the ductile binder phase completely alters the inherent brittleness of pure tungsten and 

ceramics , preventing the nozzle from brittle fracture or fatigue cracking when subjected to instantaneous 

plasma jets of thousands of degrees, ultra-high pressure water hammer impacts, or rapid thermal changes, 

significantly extending its service life under complex stress conditions. 

 

High-temperature stability is another key feature. Tungsten alloy nozzles have high recrystallization 

temperatures, low coefficients of thermal expansion, and minimal high-temperature strength degradation. 

Even under sustained temperatures exceeding 1000 degrees Celsius or instantaneous temperatures 

exceeding 2000 degrees Celsius, the flow channel geometry remains micron-level stable, completely 

avoiding the thermal softening, thermal deformation, and oxidation ablation problems common in 

traditional materials. Excellent chemical inertness and corrosion resistance are equally noteworthy. In 

particular, the tungsten -nickel-copper system exhibits virtually no visible corrosion in acids, alkalis, salt 

spray, humid heat, and various organic solvents. With surface passivation or functional coatings, it can 

serve for extended periods in the harshest chemical and marine environments. 

 

The high density provides advantages in mass inertia and heat capacity, resulting in minimal nozzle 

vibration and slow thermal response under high-speed jet recoil and localized thermal shock, thus 

ensuring jet stability and pointing accuracy. Excellent thermal conductivity quickly transfers heat 

accumulated in the throat to the external cooling system, preventing material degradation caused by 

localized overheating. Controllable magnetic properties (adjustable from completely non-magnetic to 

weakly magnetic ) allow for safe use in strong magnetic fields or precise electromagnetic environments 

without generating eddy current heat or trajectory deviation. Extremely low coefficient of thermal 

expansion and excellent dimensional stability ensure reliable contact between the nozzle and substrates 

such as steel, titanium, and ceramics across a wide temperature range , preventing loosening or stress 

concentration due to thermal expansion and contraction. 

 

Finally, tungsten alloy nozzles also possess excellent precision machinability and surface 

functionalization capabilities. Through cold isostatic pressing, precision sintering, and multi-axis CNC 

machining, complex internal flow channels, micron-level dimensional and positional tolerances, and 

mirror-like inner walls can be achieved. Surface strengthening methods such as boronizing, PVD, CVD, 

DLC, and laser remelting can be implemented , further pushing wear resistance, anti-sticking, and 

oxidation resistance to new heights. These fundamental characteristics collectively constitute a complete 

picture of "hard yet not brittle, hot yet not soft, corrosive yet not corrosive, and precise yet repairable." 

It is precisely this series of properties that makes tungsten alloy nozzles stand out from numerous 

candidate materials, becoming the most critical, reliable, and deeply relied-upon core actuator in today's 

thermal spraying, waterjet, laser cladding, precision atomization, plasma generation, and high-

temperature combustion processes. Each of its characteristics directly addresses the most troublesome 

pain points in industrial settings; and the combination of all these characteristics creates irreplaceable 
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comprehensive value. 

 

1.4 Industry Positioning and Application Scenarios of Tungsten Alloy Nozzles 

 

Tungsten alloy nozzles have evolved from a "high-quality wear-resistant component" into an 

indispensable "process enabler" and "performance ceiling determiner" in the modern high-end 

manufacturing supply chain. They are no longer dispensable consumables, but rather a prerequisite for 

the establishment, stability, and ultimate performance of many cutting-edge processes. Insufficient 

nozzle performance can lead to a chain reaction of consequences , including decreased coating adhesion, 

loss of cutting precision, atomized particle size dispersion, a sharp drop in cleaning efficiency, and even 

equipment shutdown. Therefore, in high-value-added fields such as aerospace, energy and power, 

medical devices, electronics manufacturing, shipbuilding and marine engineering, automotive, and 

additive manufacturing, tungsten alloy nozzles have been clearly defined as "critical core consumables" 

and "strategic functional components." Their selection, supply stability, and technological iteration speed 

are directly incorporated into the core supply chain management systems of OEMs and process 

contractors. 

 

1.4.1 The role of tungsten alloy nozzles in the high-end manufacturing industry chain 

 

In the high-end manufacturing industry chain, tungsten alloy nozzles occupy the most cutting-edge and 

demanding "choke point," playing the ultimate role in energy conversion, precise material transfer, and 

surface function construction. They serve as the "exit gate" for high-power energy equipment such as 

high-pressure pumps, plasma power supplies, lasers, and combustion chambers, and are also the "first 

contact surface" where powders, droplets, jets, plasmas, and workpiece surfaces undergo 

physicochemical interactions. Even a minor failure of a single nozzle can render hundreds of thousands 

to hundreds of millions of yuan worth of upstream equipment ineffective, requiring the rework of dozens 

of downstream processes. 

 

In the thermal spraying and surface engineering chain, tungsten alloy nozzles determine particle flight 

velocity, temperature history, and impact kinetic energy, directly locking the coating density, bonding 

strength, and residual stress level. This becomes a decisive bottleneck in ensuring that thermal barrier 

coatings for aero-engines, wear-resistant coatings for gas turbine blades, and corrosion-resistant coatings 

for hydraulic supports can reach their designed lifespan. In the high-pressure water jet and ultra-precision 

machining chain, it is the only component capable of withstanding ultra-high pressure for extended 

periods while maintaining throat geometric stability, directly determining the kerf width, surface 

roughness, and material utilization rate. In the laser cladding and additive remanufacturing chain, the 

inner wall smoothness and dimensional stability of the coaxial powder feeding nozzle determine powder 

utilization, molten pool stability, and single-pass forming accuracy. It is a key enabling device for 

achieving "replacement with scrap" in the repair of large nuclear power plant components and the 

remanufacturing of difficult-to-machine aerospace parts. 

 

In fuel injection and precision atomization chains, tungsten alloy nozzles, with their extremely high 
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resistance to cavitation and high-temperature oxidation, ensure that the common rail system nozzle 

orifice does not expand for tens of thousands of hours, resulting in more complete combustion and cleaner 

emissions. In plasma generation and vacuum coating chains, it serves as both the throat for arc 

confinement and plasma acceleration and the main carrier of electrode materials, directly determining 

coating uniformity and production cycle time. It is this strategic positioning, where "a single change 

affects the whole," that elevates the research, development, manufacturing, and supply chain 

management of tungsten alloy nozzles to a level of importance equal to that of the main equipment 

manufacturer (OEM). Leading users often establish long-term strategic partnerships or even joint 

laboratories with their suppliers to ensure that material formulations, flow channel design, and surface 

engineering remain at the forefront globally. 

 

1.4.2 Typical Application Scenarios of Tungsten Alloy Nozzles 

 

Tungsten alloy nozzles have formed a clear and highly specialized category of scenarios, with each 

category corresponding to specific working conditions and specialized design routes. 

 

Thermal spraying and surface engineering represent the largest and most mature market, encompassing 

high-velocity oxygen fuel (HVOF), plasma spraying (APS), cold spraying, and high-speed arc spraying. 

Nozzles primarily utilize a tungsten-nickel-iron Laval structure, emphasizing resistance to high-

temperature particle erosion and thermal shock; the lifespan of a single nozzle determines the batch 

consistency of the coating. High-pressure water jetting and ultra-precision machining applications 

include pure water cutting, abrasive waterjet cutting, ship rust removal, and nuclear facility 

decontamination. Nozzles are mainly tungsten-nickel-copper Venturi-type, combined with DLC or 

boronizing layers to achieve dual protection against cavitation and corrosion under ultra-high pressure. 

 

Laser cladding and additive remanufacturing primarily involve coaxial powder feeding nozzles and side-

shaft nozzles , requiring extremely smooth inner walls, non-stick powder, and resistance to laser 

reflection. Tungsten-nickel-copper or tungsten-copper based nozzles are the main materials used, and 

these are core consumables for repairing high-value parts in nuclear power, aerospace, and mining 

industries. Fuel and gas atomization and combustion applications include diesel common rail nozzles , 

aviation kerosene nozzles, and industrial boiler atomizing nozzles, emphasizing resistance to high-

temperature oxidation, carbon buildup, and high atomization quality. Tungsten-nickel-iron or rare-earth-

doped reinforced nozzles are commonly used. 

 

Industrial cleaning and surface pretreatment scenarios cover high-pressure water rust removal, paint 

removal, and oxide scale removal, primarily using tungsten-nickel-copper Laval or fan-shaped nozzles 

with quick-change structures, aiming for extremely high operational efficiency and extremely low 

maintenance frequency. Plasma generation and vacuum coating scenarios include plasma spraying gun 

electrode nozzles, vacuum plasma cleaning nozzles, and PVD arc source nozzles , requiring high thermal 

conductivity, resistance to arc erosion, and non-magnetic properties, often employing tungsten-copper or 

tungsten-nickel-copper systems. 
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Precision atomization and powder preparation scenarios encompass drug spray drying, metal powder 

atomization, and fragrance atomization, requiring extremely fine particle sizes and narrow distributions. 

This necessitates sub-micron level droplet control achieved through ultra-precision tungsten alloy 

nozzles with ultra-precision throats. While these scenarios vary greatly in their operating conditions, they 

all share a common principle: the more advanced the process, the more demanding the performance 

requirements, and the lower the tolerance for stability, the higher the penetration rate and irreplaceable 

nature of tungsten alloy nozzles. It has quietly embedded itself in every world-changing high-end 

manufacturing technology, becoming an invisible yet crucial fulcrum for the continuous leap in human 

industrial capabilities. 

 

 

 

 

CTIA GROUP LTD tungsten alloy nozzles 
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Chapter 2: Structure of Tungsten Alloy Nozzles 

 

2.1 Key Structural Elements of Tungsten Alloy Nozzles 

 

Tungsten alloy nozzles can vary greatly in shape, their core mission remains the same: to efficiently, 

stably, and controllably convert upstream pressure, thermal, or electrical energy into a directional, high-

speed jet. This necessitates a highly sophisticated and interconnected set of structural elements: an inlet 

receiving and flow stabilization system, a tapered acceleration section, a throat energy conversion core, 

an expansion and rectification section, a shape interface and cooling system, a surface functional layer, 

and anti-splash and anti-vibration structures. Each of these elements is indispensable, directly 

determining the jet velocity, divergence angle, flow stability, erosion resistance life, and compatibility 

with the host system. The high density, high hardness, high toughness, and low coefficient of thermal 

expansion of tungsten alloy are precisely incorporated into these structural elements, enabling the nozzle 

to achieve both "extreme energy conversion efficiency" and "extremely long geometrical retention" 

under the most extreme operating conditions. 

 

2.1.1 Basic structure of tungsten alloy nozzle: inlet, flow channel and outlet 

 

Tungsten alloy nozzle can be simplified into three functional modules: inlet, flow channel, and outlet. 

However, each module contains extremely high design and manufacturing expertise. 

 

The inlet section is the only interface between the nozzle and the upstream energy source. Its primary 

task is to rapidly transform the incoming flow, which may contain turbulence, vortices, or pressure 

pulsations, into a smooth laminar or near-laminar flow, while minimizing inlet losses. Tungsten alloy 

nozzles typically feature a smoothly expanding or flared inlet with guide vanes. The inner wall is mirror-

polished and maintains extremely high coaxiality to suppress boundary layer separation and vortex street 

formation. In supersonic flame spraying and high-pressure water jet nozzles, the inlet often integrates a 

porous pressure-stabilizing chamber or a honeycomb rectifier to further smooth out pressure fluctuations 

and ensure a truly uniform flow at the throat. The high density of tungsten alloy and its inherent mass 

inertia play a crucial role here, ensuring that the inlet section experiences almost no micro-vibrations 

under high-speed recoil, thus guaranteeing long-term stability of the jet direction from the source. 

 

The flow channel is the soul of the entire nozzle, further subdivided by function into the convergence 

section and the throat. The convergence section uses a smooth, continuous curve (commonly a fifth-order 

polynomial or logarithmic spiral) to efficiently convert static pressure energy into kinetic energy. The 

extremely low coefficient of thermal expansion and extremely high dimensional stability of tungsten 

alloy ensure that the contour of the convergence section hardly deforms under high temperature or ultra-

high pressure, guaranteeing the precise design of the acceleration gradient. The throat is the smallest 

cross-section and the location of the sonic surface of the supersonic nozzle. Its diameter and roundness 

directly determine the final jet velocity and mass flow rate. The throat of tungsten alloy nozzles is 

typically produced using a combination of integral forming, precision grinding, and laser finishing 

processes to ensure that diameter tolerances and roundness errors are controlled within the micrometer 
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level, and the surface roughness reaches mirror-like levels, thereby reducing flow resistance and 

turbulence noise to theoretical limits. At the same time, the throat is the area most severely affected by 

erosion, cavitation, thermal shock, and oxidation. The combined properties of tungsten alloy—high 

hardness, high toughness, and resistance to high-temperature softening—allow it to maintain its initial 

geometry even after tens of thousands of particle impacts or thousands of hours of high-temperature 

flame erosion , far exceeding any traditional material. 

 

In subsonic nozzles, the exit section primarily functions as a rectifying and pressure-reducing component. 

In supersonic nozzles, it acts as the Laval expansion section, tasked with further accelerating the already 

supersonic airflow in the throat to two or even three times the speed of sound, while simultaneously 

controlling the jet divergence angle and velocity uniformity. The inner wall of the expansion section in 

tungsten alloy nozzles is also mirror-polished and strictly adheres to the isentropic expansion curve 

design; any minute step or roughness can induce shock waves, leading to energy loss and jet divergence. 

The exit end face is often designed with a sharp, knife-edge shape or a chamfered thin-walled structure 

to reduce exit turbulence and prevent molten particles or droplets from accumulating and forming 

nodules on the end face. Some high-end nozzles also integrate an air curtain or cooling ring at the outer 

edge of the exit to further suppress oxidation and divergence caused by the jet entraining surrounding air. 

 

The three main modules—inlet, flow channel, and outlet— are integrally formed or precisely assembled 

into a highly rigid whole, utilizing the high strength and precision machinability of tungsten alloy 

material. This ensures that the internal flow channel maintains its designed state even when subjected to 

enormous axial reaction forces, radial thermal stresses, and vibration loads. This structural characteristic 

of "high fidelity from inlet to outlet" is the fundamental guarantee for the long-term stable, efficient, and 

precise jet output of tungsten alloy nozzles, and represents a fundamental difference that nozzles made 

of ordinary materials cannot match. 

 

2.1.2 Structural parameters of tungsten alloy nozzles 

 

Tungsten alloy nozzles are the core variables that determine jet velocity, flow characteristics, divergence 

angle, energy efficiency, and the service life of the nozzle itself. These parameters are not arbitrarily set, 

but are determined through precise calculations, simulation iterations, and extensive experimental 

verification, based on fluid mechanics theory, material tolerance limits, and specific process objectives. 

The high strength, high hardness, low thermal expansion, and excellent machinability of tungsten alloy 

materials enable the accurate reproduction of these theoretically optimal parameters into the physical 

entity with extremely high precision, thereby achieving a near-ideal flow field and the longest geometric 

retention capability under actual working conditions. 

 

2.1.2.1 Orifice Parameters of Tungsten Alloy Nozzles 

 

The orifice parameters mainly include the matching relationship between the inlet diameter, the minimum 

throat diameter, and the outlet diameter, among which the throat diameter is the most critical and sensitive 

control variable. It directly determines the mass flow rate, critical pressure ratio, and final jet velocity, 
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and is also the part of the nozzle that suffers the most concentrated erosion, cavitation, and thermal shock. 

The selection of the throat diameter needs to find the optimal balance between process requirements 

(such as cutting thickness, coating deposition rate, and cleaning width) and material tolerance: too small 

a diameter will lead to insufficient flow, excessive pressure, and aggravated cavitation; too large a 

diameter will result in decreased jet velocity, reduced energy utilization, and overly dispersed erosion 

distribution. 

 

tungsten alloy nozzles is typically achieved through integral forming followed by precision internal 

grinding, honing, or flow polishing. Roundness, cylindricity, and surface roughness all reach micron or 

even sub-micron levels, far exceeding the processing limits of traditional materials. This extremely high-

precision throat ensures a highly uniform velocity distribution of the jet across the throat cross-section, 

preventing early cavitation pits and orifice enlargement caused by localized overspeed. Simultaneously, 

the high density and toughness of tungsten alloys endow the throat with exceptional resistance to 

deformation. Even under prolonged exposure to ultra-high-pressure water jets or high-speed airflows 

containing hard particles, the throat diameter changes extremely slowly, ensuring batch consistency of 

jet parameters and process stability over thousands of hours. 

 

The ratio of the inlet diameter to the throat diameter determines the pressure recovery capability and flow 

separation risk of the contraction section, while the ratio of the outlet diameter (the diameter at the end 

of the expansion section for supersonic nozzles) to the throat diameter determines the expansion ratio 

and the final Mach number. Tungsten alloy nozzles, through high-precision CNC machining and online 

optical measurement, ensure that the ratios of these three components strictly conform to the design 

values, making the position and intensity of the flow shock wave and the length of the jet core region 

completely controllable. This extreme control over orifice parameters is the core material basis for 

tungsten alloy nozzles to achieve ultra-high particle velocities in thermal spraying, extremely narrow 

slits in water jetting , and extremely fine powder bundles in powder feeding . 

 

2.1.2.2 Cone angle parameters of tungsten alloy nozzles 

 

The cone angle parameters mainly refer to the cone angles of the contraction and expansion sections , 

which together determine the flow acceleration gradient, shock wave structure, and jet divergence 

characteristics. The contraction cone angle affects the efficiency of pressure energy conversion to kinetic 

energy and the tendency of boundary layer separation from the inlet to the throat; the expansion cone 

angle determines the expansion uniformity of the supersonic airflow, shock wave intensity, and exit 

velocity distribution. An excessively large contraction angle leads to flow separation and energy loss, 

while an excessively small angle results in an overly long nozzle and concentrated heat load. An 

excessively large expansion angle produces an over-expansion shock wave and jet divergence, while an 

excessively small angle results in insufficient expansion and underutilization of velocity potential. 

 

Tungsten alloy nozzles are typically derived based on one-dimensional isentropic flow theory combined 

with three-dimensional CFD simulation optimization, and the inner cone surface profile deviation is 

ensured to be minimal through high-precision five-axis machining and laser scanning inspection. The 
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extremely low coefficient of thermal expansion and high-temperature dimensional stability of tungsten 

alloys ensure that the designed cone angle remains virtually unchanged across a working temperature 

range from room temperature to thousands of degrees Celsius, guaranteeing long-term predictability of 

shock wave position and jet structure. Particularly in supersonic flame spraying and cold spray nozzles, 

even minute deviations in the cone angle of the expansion section can lead to significant dispersion in 

particle velocity and temperature distribution. The machining precision and material stability of tungsten 

alloy nozzles minimize this dispersion, ensuring that coating density and bonding strength remain at the 

highest levels. 

 

Furthermore, tungsten alloy nozzles often employ variable cone angles or microstructures in the 

expansion section to further suppress boundary layer separation, optimize velocity uniformity, and reduce 

noise. The realization of these complex cone angle curves relies entirely on the excellent precision 

machinability and high rigidity of tungsten alloys. It is precisely this extremely precise control and long-

term maintenance of orifice diameter and cone angle parameters that enables tungsten alloy nozzles to 

achieve a near-perfect unity of theory and practice in the most demanding flow field environments, 

making them the practical bearer of the performance ceiling for high-end jetting processes. 

 

2.1.2.3 Length parameters of tungsten alloy nozzles 

 

Length is the third dimension variable in tungsten alloy nozzle design, equally important as orifice 

diameter and cone angle. It includes the length of the contraction section, the length of the throat straight 

section, the length of the expansion section, and the total nozzle length. Length design is not simply a 

matter of arbitrarily lengthening or shortening; rather, it is the result of multi-field coupling of fluid 

mechanics, heat conduction, and stress distribution. An excessively short contraction section will cause 

the flow to enter the throat before it has fully developed, resulting in separation vortices and energy loss; 

an excessively short expansion section will result in insufficient expansion and incomplete release of 

velocity potential; an excessively long expansion section will lead to increased frictional losses and 

accumulated heat load, causing shock wave structure to become uncontrolled. The length of the throat 

straight section directly determines whether the sonic surface is stable and whether premature shock 

waves will occur. 

 

Tungsten alloys allow these theoretically optimal lengths to be maintained with millimeter-level 

precision across an extreme range from room temperature to thousands of degrees Celsius and from 

atmospheric pressure to hundreds of megapascals. Ordinary material nozzles often experience length 

drift under high temperature or high pressure due to thermal deformation or plastic yielding, causing the 

carefully designed flow field to collapse instantly. Tungsten alloy nozzles, however, treat length 

parameters as true "constants." In supersonic flame spraying nozzles, the length of the expansion section 

determines whether the particles' residence time in the high-temperature, high-speed zone reaches the 

optimal melting state; in high-pressure water jet nozzles, the length of the straight section at the throat 

determines whether the cavitation bubble collapse location is far from the most vulnerable throat inlet; 

in laser powder delivery nozzles , the matching of the overall length with the powder-gas mixing chamber 

determines whether the powder beam is precisely focused within the laser focal spot. It is precisely the 
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ultra-long lifespan fidelity of tungsten alloys in maintaining length parameters that extends the window 

of these critical processes from "tens of minutes" to "thousands of hours," truly achieving the leap from 

laboratory to industrialization. 

 

2.1.2.4 Multi-parameter collaborative design of tungsten alloy nozzles 

 

Modern tungsten alloy nozzles have long since moved beyond the era of crude adjustment of single 

parameters, entering a stage of global collaborative optimization integrating seven dimensions: aperture, 

cone angle, length, surface roughness, throat roundness, material formulation, and surface coating . The 

design process typically begins with establishing an initial framework using one-dimensional isentropic 

flow theory, followed by precise capture of the boundary layer and shock wave interaction using three-

dimensional viscous CFD, then verification of high-temperature deformation and stress distribution using 

thermal-structural coupled finite element method, and finally, the introduction of topology optimization 

and machine learning to globally optimize thousands of parameter combinations until a unique geometry 

is found that achieves the highest jet velocity, smallest divergence angle, lowest throat wall heat flux 

density, and longest overall lifetime at a given power and particle or droplet size. 

 

Only tungsten alloys can truly support such extremely complex collaborative design results: they allow 

designers to boldly adopt ultra-slender aspect ratios, ultra-thin wall thicknesses, variable curvature 

conical surfaces, and internal surface microstructures, while retaining all micron- level features intact for 

thousands of hours under actual working conditions. The result is that the same nozzle can increase 

particle velocity by an order of magnitude, reduce waterjet kerf width by nearly half, increase powder 

feeding utilization by more than 30%, and extend single-nozzle life by five to ten times, all with the same 

energy consumption. This design revolution, from "trial and error" to "precise prediction," is the 

fundamental driving force behind the continued leading performance of tungsten alloy nozzles and the 

unsung hero behind the continuous pushing of limits in high-end manufacturing processes. 

 

2.1.3 Structural Types of Tungsten Alloy Nozzles 

 

Tungsten alloy nozzles have formed eight major structural families: straight hole type, Venturi type, 

variable cross-section Laval type, multi-stage Laval type, coaxial powder feeding type, multi-hole 

diversion type, and fan-shaped/flat type. Each type corresponds to a specific jet shape and application 

scenario, and all are based on the high precision feasibility and long life fidelity of tungsten alloy 

materials . 

 

2.1.3.1 Straight-hole tungsten alloy nozzle 

 

Straight-hole tungsten alloy nozzles are the simplest in structure but the most difficult to manufacture. 

Their flow channels are cylindrical holes of constant diameter or with only a very slight taper, without 

obvious contraction-expansion structures, relying entirely on upstream high pressure to directly form a 

high-speed jet. Typical applications include ultra-high pressure pure water cutting nozzles, diesel 

common rail nozzles , some low-pressure plasma cleaning nozzles, and high-pressure fan-shaped 
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cleaning nozzles. 

 

The seemingly simple straight orifice places almost obsessive demands on materials and processes: the 

orifice diameter must not bulge for tens of thousands of hours, the inner wall must be mirror-like and 

never develop cavitation pits, and the end face must be sharp and strictly perpendicular to the axis; 

otherwise, the jet will immediately diverge, deviate, or become discontinuous. Tungsten alloys, 

especially the tungsten-nickel-copper system, with their unparalleled resistance to cavitation and 

corrosion, high toughness, and dimensional stability, have become the absolute rulers of straight orifice 

nozzles. Manufacturing employs a combination of cold isostatic pressing, multi-stage deep hole drilling, 

diamond honing , flow polishing, and laser precision finishing, achieving orifice diameter tolerances, 

cylindricity, and surface roughness all within the micron or even sub-micron range. 

 

In the field of ultra-high pressure pure water cutting, straight-hole tungsten alloy nozzles ensure that the 

kerf width and surface finish do not deteriorate over thousands of hours. In diesel common rail systems , 

they guarantee that the nozzle orifice will never accumulate carbon or expand, maintaining optimal air-

fuel ratio. In high-pressure cleaning of ships and wind turbine blades, straight-hole fan-shaped tungsten 

alloy nozzles, with their extremely high uniformity of impact force and near-zero maintenance frequency, 

have completely transformed the efficiency and safety of offshore construction. Straight-hole tungsten 

alloy nozzles achieve ultimate reliability with ultimate simplicity, representing a classic victory for 

tungsten alloy materials in the "simplest yet most brutal" scenario. 

 

2.1.3.2 Conical tungsten alloy nozzle 

 

Conical tungsten alloy nozzles, also known as Venturi or single-cone converging nozzles, are 

characterized by a continuously tapering conical flow path from inlet to outlet. They lack a throat section 

and an expansion section, allowing the jet to reach its maximum velocity directly at the outlet. This 

structure dominates in high-pressure water jet abrasive nozzles, supersonic cold spray nozzles, and 

certain plasma spraying pre-acceleration sections. The conical design maintains constant flow 

acceleration, continuously compressing the boundary layer thickness and minimizing frictional losses 

and separation risks. Furthermore, its extremely compact structure, relatively simple manufacturing 

process, and exceptionally high mechanical strength make it ideal for ultra-high pressure and strong 

recoil conditions. 

 

tungsten alloys in conical nozzles is maximized: the long-range, high-precision requirements of 

continuous conical surfaces can only be met by the high rigidity and precision grindability of tungsten 

alloys; once the cone angle deviates from the design value due to thermal deformation or wear, the entire 

jet velocity and focusing characteristics immediately collapse, while the extremely low coefficient of 

thermal expansion and erosion resistance of tungsten alloys allow the cone profile to remain unchanged 

for thousands of hours. Especially in the field of abrasive waterjet cutting, conical tungsten alloy nozzles 

must withstand the dual damage of ultra-high pressure water hammer and garnet particles. Ordinary 

cemented carbide nozzles often develop a widened kerf and flare after a few hundred hours, while 

tungsten alloy nozzles can maintain an almost constant cone angle and exit diameter, allowing cutting 
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accuracy and sapphire nozzle life to reach the highest level simultaneously. In the cold spray pre-

acceleration section, the conical tungsten alloy nozzle, with its extremely high surface finish and 

dimensional stability, ensures that the particles have a highly uniform initial velocity distribution before 

entering the heating section , laying a perfect foundation for subsequent supersonic impact. The conical 

tungsten alloy nozzle achieves an ultimate balance between flow efficiency and structural strength using 

a seemingly simple geometry, making it the most reliable and economical classic structure under ultra-

high pressure and high abrasive conditions. 

 

2.1.3.3 Fan-shaped tungsten alloy nozzle 

 

Slit nozzles , also known as flat slit nozzles or narrow slit nozzles, have an outlet that is not circular but 

rather a slender rectangular or elliptical slit. The jet forms a thin and wide fan-shaped surface, and they 

are mainly used for large-area high-pressure cleaning, continuous descaling of steel plates, paper mill 

wire cleaning, automotive pre-painting treatment, and food processing surface rinsing. The core 

challenge of slit nozzles lies in achieving uniform impact force, stable coverage width, non- divergent 

edges, and extremely strong anti-clogging capabilities simultaneously within an extremely thin slit outlet. 

These challenges are almost entirely determined by the material properties. 

 

Tungsten alloys, especially the tungsten-nickel-copper system, with their ultra-high strength and 

cavitation resistance, allow for extremely thin slit outlet walls without collapse or deformation. Mirror-

finish inner walls and sharp exit edges ensure sharp, evenly overlapping, and non-"cat's ear" phenomenon 

(thick in the middle, thin at the edges). Excellent corrosion resistance prevents pitting and crevice 

corrosion in harsh chemical environments such as pickling lines, alkaline washing lines, and seawater 

rust removal. Manufacturing typically employs a composite process: precision wire EDM to form the 

slit, multi-axis CNC grinding to finish the cutting edge, and flow polishing to polish the inner wall. Slit 

width tolerances and parallelism reach the micrometer level, far exceeding the machining limits of 

stainless steel and cemented carbide. 

 

In the field of high-pressure cleaning for ships and offshore wind power, the fan-shaped tungsten alloy 

nozzle, with its extremely high uniformity of impact force and near-zero clogging rate, increases the 

efficiency of single-person operations several times over, completely changing the construction window 

for offshore rust and paint removal. In descaling before cold rolling of steel, the tungsten alloy fan-shaped 

nozzle keeps the descaling level consistently at the highest level, significantly reducing subsequent acid 

washing load and waste acid emissions. In food and pharmaceutical cleaning lines, its non-toxic, 

disinfectant-resistant, and rust-free properties meet the most stringent cleanliness requirements. The fan-

shaped tungsten alloy nozzle achieves the widest coverage with the thinnest cutting edge and the gentlest 

impact with the toughest material, becoming the ultimate solution for large-area, high-efficiency, and 

long-life cleaning. 

 

2.1.3.4 Other Special Structure Tungsten Alloy Nozzles 

 

In addition to the three classic structures of straight hole, conical and fan-shaped, tungsten alloy nozzles 
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have also developed a large number of special structures for extreme or complex working conditions, 

each of which represents another breakthrough in the limits of materials and processes. 

 

The coaxial powder feeding nozzle is the core of laser cladding and additive manufacturing. It adopts a 

ring-within-a-ring structure with an outer ring of powder gas, an inner ring of protective gas, and a central 

optical path. The tungsten alloy ensures the powder beam focusing accuracy and anti-sticking ability 

with extremely high coaxiality and inner wall smoothness, enabling the stability of the molten pool and 

the single-pass forming accuracy to reach the micron level. The multi-hole split nozzle is used for large-

area flame spraying and multi-path atomization. Dozens to hundreds of micro Laval holes are precisely 

arranged on the same end face. The tungsten alloy ensures that the array hole spacing and directionality 

do not drift for thousands of hours due to its high density and high rigidity. 

 

Rotary nozzles mount tungsten alloy nozzles on a high-speed rotating shaft, enabling 360-degree 

cleaning or coating without blind spots. They are commonly used for rust removal from pipe interiors 

and spraying of storage tank interiors. The high strength and wear resistance of tungsten alloys give them 

geometric stability under centrifugal force far exceeding that of any other material. Hollow and solid 

cone nozzles are used in cooling towers, flue gas desulfurization, and precision cutting fluid spraying. 

Tungsten alloys ensure a long-term, uniform, and consistent cone-shaped mist curtain due to their 

corrosion resistance and scale resistance. 

 

Dual-channel or triple-channel composite nozzles achieve perfect coaxiality and mixing of water, 

abrasive, gas or powder, carrier gas, and light beam within a single tungsten alloy nozzle. This is currently 

the most complex structural type, requiring the comprehensive properties of tungsten alloys to meet its 

demanding requirements for coaxiality, thermal stability, and erosion resistance. These specially 

structured tungsten alloy nozzles are no longer single-function jet generators, but rather miniature 

systems integrating multi-physics coupling, precise multi-media transmission, and multi-process 

collaborative operation. They push the limits of tungsten alloy performance and elevate human 

capabilities in surface engineering and precision manufacturing to new heights. Each unique structure 

represents a precise response of tungsten alloy materials to specific industrial challenges and is a 

crystallization of the perfect resonance between materials science and engineering needs. 

 

2.1.4 Structural Derivative Characteristics of Tungsten Alloy Nozzles 

 

Tungsten alloy nozzles lies not only in their geometry but also in the series of key process characteristics 

derived from their precise and stable structure. These characteristics, seemingly "soft," are actually 

decisive factors in determining coating quality, cutting accuracy, atomization particle size, cleaning 

efficiency, and overall economy. It is precisely because tungsten alloys can lock all rigid structural 

parameters, such as inlet, flow channel, outlet, orifice diameter, cone angle, and length, under extreme 

operating conditions that soft indicators such as flow stability, atomization uniformity, jet directionality, 

and energy utilization rate are transformed from "occasionally meeting the standard" to "consistently 

meeting the standard." 
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2.1.4.1 Flow stability brought about by the flow channel structure 

 

Flow stability is the lifeline of all spraying processes. Whether it's the powder deposition rate of thermal 

spraying, the cutting speed of high-pressure water jets, the single-pass thickness of laser cladding , or the 

circulating fuel injection volume of diesel common rail systems , any short-term or long-term flow 

fluctuations will directly lead to product quality discrepancies or process loss of control. The reason why 

tungsten alloy nozzles can achieve near-perfect flow stability under the most severe operating conditions 

lies in the ultimate fidelity of their flow channel structure at the material level. 

 

In classic Laval or Venturi flow channels, the flow rate is determined by the throat cross-sectional area 

and upstream stagnation parameters . Theoretically, the flow rate is constant as long as the throat diameter 

and roundness remain unchanged. With ordinary material nozzles, under high-temperature particle 

erosion, ultra-high-pressure cavitation, or thermal shock, the throat will develop enlargement, 

ellipticization, or surface pitting within tens of minutes, leading to a continuous increase in flow rate and 

process control failure. In contrast, tungsten alloy nozzles, with their ultra-high hardness, cavitation 

resistance, high-temperature softening resistance, and extremely low coefficient of thermal expansion, 

maintain a virtually unchanged throat cross-sectional area for thousands of hours, suppressing flow 

fluctuations below the detection limit. Simultaneously, the mirror-grade inner wall and precise cone angle 

ensure that the boundary layer remains in its designed state, eliminating instantaneous flow pulses caused 

by localized separation vortices. 

 

In supersonic flame spraying, this flow stability directly manifests as a high degree of consistency 

between particle flight velocity and temperature batches, significantly reducing the dispersion of coating 

porosity and bonding strength. In high-pressure water jet continuous cutting, it ensures that the kerf width 

and surface roughness of the entire sheet are completely consistent from the first cut to the last. In long-

distance laser cladding remanufacturing, it controls the layer thickness fluctuation of hundreds of meters 

of weld beads to the micrometer level. Flow stability is no longer "to the best of one's ability," but 

"inevitable," which is the fundamental sign that tungsten alloy nozzles have leaped from ordinary 

consumables to the core of the process. 

 

2.1.4.2 Influence of Structural Accuracy on Atomization Effect 

 

Atomization effect (particle size distribution, particle roundness, spatial uniformity) is the ultimate 

pursuit of processes such as fuel injection, metal powder preparation, drug spray drying, laser cladding 

powder feeding, and thermal spray feeding. The atomization effect is not determined by downstream 

impact or shearing, but by the absolute control of the nozzle structure precision over the initial droplets 

or powder-gas mixture . 

 

In diesel common rail and gas atomizing nozzles, the geometric precision of the nozzle orifice or slit 

directly determines the location of liquid film breakup and the uniformity of droplet separation. Tungsten 

alloy nozzles, with their micron-level aperture tolerances, submicron-level surface roughness, and sharp, 

burr-free exit edges, ensure that the liquid film thickness is highly consistent with the breakup wavelength, 

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


 

 
COPYRIGHT AND LEGAL LIABILITY STATEMENT 

 

Copyright© 2024 CTIA All Rights Reserved                                                               电话/TEL：0086 592 512 9696  
标准文件版本号 CTIAQCD-MA-E/P 2024版                                                            CTIAQCD-MA-E/P 2018-2024V 

www.ctia.com.cn                                                                                         sales@chinatungsten.com 
第 28 页 共 107 页 

resulting in an extremely narrow droplet size distribution and extremely high sphericity , leading to more 

complete combustion, cleaner emissions, and near-perfect powder sphericity. In coaxial powder-feeding 

laser cladding , the coaxiality of the annular powder path and gas path, the surface finish of the conical 

surface, and the roundness of the throat of the tungsten alloy nozzle determine the focusing diameter and 

density distribution of the powder beam. Any minute deviation can lead to localized overheating or 

powder shortage in the molten pool. The non-drifting structural precision of tungsten alloy, achieved over 

thousands of hours, ensures that the powder beam focusing spot diameter perfectly coincides with the 

laser focal spot, achieving forging-level surface waviness and internal metallurgical quality in a single 

pass. 

 

In pharmaceutical spray drying and fragrance atomization, tungsten alloy dual-fluid or pressure 

atomizing nozzles, with their non-expanding throats and non-scaling inner walls, ensure completely 

consistent particle size distribution across batches, making the coating rate and release curve of active 

pharmaceutical ingredients highly repeatable. In supersonic flame spraying and cold spraying, structural 

precision's ability to control the gas-solid two-phase flow determines the uniformity of particle velocity 

and temperature, which in turn determines the coating density and residual stress distribution. Structural 

precision is no longer a manufacturing tolerance but a decisive variable directly translated into the final 

product's performance. Tungsten alloy nozzles transform "micron-level structural fidelity" into "micron-

level atomization control," liberating process engineers from "praying for batch consistency" to a 

deterministic world of "design is what you get"—this is the highest-level process benefit brought about 

by the perfect coupling of materials and structure. 

 

2.2.1 Common Composition Ratios and Applications of Tungsten Alloys for Nozzles 

 

After nearly thirty years of industrial iteration, the composition ratio system of tungsten alloys for nozzles 

has formed a logically rigorous, clearly defined, and well-defined "systematic" standard. Each ratio is 

not a random discovery in the laboratory, but a systematic optimal solution for temperature, erosion type, 

corrosive medium, magnetic field environment, thermal conductivity requirements, and cost constraints. 

They share a common core: maintaining a high tungsten content to ensure the continuity of the hard 

skeleton and the wear resistance base, while achieving targeted performance enhancement in different 

dimensions through precise control of the type and proportion of binder phase, ultimately forming a 

complete gradient of "basic high tungsten → tungsten-nickel-iron → tungsten-nickel-copper → special 

customization", thoroughly covering the full range of working conditions from conventional cleaning to 

extreme plasma spraying. 

 

The brilliance of this formulation system lies in its transformation of seemingly contradictory 

performance requirements into controllable variables: to maximize hardness and erosion resistance, the 

tungsten content is increased while the binder phase is minimized; to balance high-temperature strength 

and thermal conductivity, nickel-iron binder is used and the iron-nickel ratio is optimized; for complete 

non- magnetism and resistance to the worst corrosion, nickel-copper is completely replaced with nickel; 

to break existing limits, molybdenum , rhenium, cobalt, rare earth elements, or second-phase particles 

are introduced for micro-alloying. Behind each formulation lies a clear failure mode analysis, long-term 
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industrial verification, and supply chain maturity, ensuring that engineers no longer select materials 

"approximately," but rather "precise to the gram, necessarily optimal." For this reason, almost without 

exception, leading global manufacturers of thermal spraying, waterjet, laser cladding, common rail 

systems , and plasma equipment have adopted this formulation system as the sole standard for their 

nozzle materials. 

 

2.2.1.1 Basic formula with high tungsten content (tungsten content ≥ 90%) 

 

The high tungsten content base ratio forms the foundation and ceiling of the entire nozzle material system, 

with all subsequent finer ratios starting from this. Its core design philosophy is to push the tungsten 

content to its limit while ensuring dense sintering, allowing tungsten particles to form a continuous or 

near-continuous skeleton. This, in turn, pushes hardness, wear resistance, resistance to high-temperature 

softening, and dimensional stability to their physical limits in one go. Nozzles with this ratio exhibit only 

very shallow plastic deformation with almost no loss of mass even under the most severe diamond-

containing abrasive erosion or instantaneous 2000-degree thermal shock, demonstrating geometric 

retention capabilities far exceeding any traditional material. It is the absolute first choice for processes 

with the most demanding requirements for lifespan and precision, such as supersonic flame spraying, 

cold spraying, water jet pressurization, and laser powder feeding , and also serves as the performance 

benchmark for subsequent tungsten-nickel-iron and tungsten-nickel-copper ratios. 

 

2.2.1.2 Tungsten-nickel-iron alloy proportions 

 

The tungsten -nickel-iron alloy formulation introduces a nickel-iron binder phase on a high-tungsten 

framework, achieving a perfect balance of strength, toughness, thermal conductivity, and high-

temperature oxidation resistance with an optimal iron-nickel ratio . It is currently the absolute mainstream 

for high-temperature, high-speed gas-solid two-phase flow applications, holding over 90% market share 

in supersonic flame spraying, plasma spraying, high-speed arc spraying, and gas turbine combustion 

chamber nozzles. The nickel-iron binder phase exhibits excellent wettability of tungsten particles at high 

temperatures and extremely high interfacial bonding strength. Simultaneously, the appropriate addition 

of iron significantly improves thermal conductivity and high-temperature strength, enabling the nozzle 

to rapidly dissipate heat without softening or peeling under sustained temperatures above 1000 degrees 

Celsius and instantaneous temperatures of 2000 degrees Celsius from particle impact, making it a true 

"king of high-temperature applications." 

 

2.2.1.3 Tungsten-nickel-copper alloy ratio 

 

The tungsten -nickel-copper alloy formulation, with nickel and copper completely replacing iron, 

achieves a double leap in both complete demagnetization and superior chemical inertness. It is the only 

legal choice for nozzles in medical devices, highly corrosive environments, seawater operations, and 

precision electromagnetic equipment. The addition of copper makes the binder phase almost completely 

inert in acids, alkalis, salt spray, humid heat, and disinfectants, while its non-magnetic properties ensure 

zero interference in scenarios such as MRI, PET-CT, and strong magnetic field cleaning. When combined 
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with DLC or CrN coatings, tungsten -nickel-copper nozzles achieve "never rusting, never enlarging holes, 

and never releasing harmful ions" even in the harshest marine rust removal and pharmaceutical cleaning 

environments, truly deserving the title of "King of Cleanliness and Corrosion Resistance." 

 

2.2.1.4 Special formulation: Customized for extreme working conditions such as high temperature 

and high pressure. 

 

When conventional three-component formulations still cannot meet the requirements of certain extreme 

operating conditions, special formulations come into play. These formulations utilize deep micro-

alloying of molybdenum , rhenium, cobalt, tantalum, rare earth elements, or in-situ carbide/boride 

particles to push individual properties such as recrystallization temperature, cavitation resistance, arc 

ablation resistance, and ultra-high temperature oxidation resistance to the physical limits of existing 

materials. They often correspond to cutting-edge applications such as high-power laser cladding coaxial 

powder feeding, ultra-high temperature plasma spraying , nuclear-grade wastewater removal nozzles, 

and scramjet combustion chambers. Although they are costly and time-consuming, they solve the final 

bottleneck of conventional formulations and represent the highest level of tungsten alloy nozzle material 

systems and the future direction. 

 

This component ratio system is like a precise "material scalpel," cutting the ever-changing nozzle 

operating conditions into several clear ranges, and then using the most suitable ratio to hit the key point. 

It transforms material selection from experience to science, and performance from "doing your best" to 

"inevitably optimal," making tungsten alloy nozzles truly the most reliable, predictable, and dependable 

core component in the high-end manufacturing chain. 

 

2.2 Material specifications of tungsten alloy for nozzles 

 

The material specifications for tungsten alloys used in nozzles have long surpassed the crude concept of 

"several alloys," evolving into an extremely vast, logically rigorous, clearly defined, and precisely gram-

level industrial-grade "material gene library." The proportion of every gram of tungsten powder and every 

portion of nickel-iron- copper pre- alloyed powder has undergone thousands of hours of industrial testing, 

failure analysis, life verification, and process package comparison, ultimately solidifying it into an 

unshakeable standard. 

 

2.2.1 Common Composition Ratios and Applications of Tungsten Alloys for Nozzles 

 

In actual industrial applications, the composition of tungsten alloys for nozzles is clearly divided into 

four major families, dozens of sub-series, and hundreds of fine-tuning variations, forming a "composition 

map" that covers almost all known operating conditions. Engineers only need to fill in a table based on 

six dimensions: peak temperature, particle hardness, medium pH value, magnetic field strength, thermal 

conductivity requirements, and whether it involves contact with the human body. The system will then 

provide a unique optimal composition within seconds, and can even accurately predict the percentage of 

life loss of alternative solutions. The brilliance of this system lies in its complete decoupling of originally 
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conflicting performance requirements (hardness vs. toughness, high-temperature strength vs. thermal 

conductivity, corrosion resistance vs. non-magnetic properties). Each family is only responsible for 

solving one major contradiction, while other contradictions are compensated for through subsequent 

surface engineering or structural design, thereby achieving global optimization rather than local 

optimization. 

 

2.2.1.1 Basic formula with high tungsten content (tungsten content ≥ 90%) 

 

The high tungsten content base ratio is the "absolute foundation" and "performance ceiling" of the entire 

system. Its design philosophy is extremely pure: pushing the tungsten content to the limit edge of zero 

porosity while maintaining liquid-phase sintering, leaving only a very thin layer of binder liquid film 

between tungsten particles, ultimately forming a nearly continuous tungsten skeleton. The result of this 

structure is catastrophic hardness and erosion resistance: under a scanning electron microscope, abrasive 

particles can only scratch very shallow plastic grooves when impacting the surface, and can hardly cut 

off any tungsten particles; at high temperatures, the tungsten skeleton itself hardly undergoes 

recrystallization or grain boundary migration, and the throat diameter and cone angle remain frozen in 

place throughout the entire range from room temperature to nearly two thousand degrees Celsius; the 

extremely high density and heat capacity also ensure that the nozzle hardly produces micro-vibrations 

under supersonic recoil and instantaneous thermal shock, physically eliminating the possibility of jet 

jitter. A high tungsten content ratio is the ultimate trump card for all processes prioritizing lifespan and 

precision. This ratio is almost universally used in the throats of supersonic flame spray guns, cold spray 

pre-accelerators, ultra-high pressure water jet booster nozzles, and laser coaxial powder feeding nozzles. 

It acts like a wall built of tungsten atoms, shielding against the most brutal erosion and thermal damage 

of human industry , and setting an insurmountable benchmark for hardness and dimensional stability for 

all subsequent finer formulations. 

 

2.2.1.2 Tungsten-nickel-iron alloy proportions 

 

The tungsten -nickel-iron alloy ratio is recognized in the industry as the "king of high temperatures," and 

it is also the golden ratio with the largest production volume and the widest range of applications. Based 

on a high-tungsten framework, it uses a nickel-iron binder phase that has been iteratively optimized over 

decades, pushing high-temperature strength, thermal conductivity, oxidation resistance, and thermal 

shock resistance to an almost desperate balance. The addition of iron significantly improves the binder 

phase's resistance to softening and its thermal conductivity above 800 degrees Celsius, allowing heat 

accumulated in the throat to be rapidly conducted to the outer wall water-cooling channels like a highway. 

Nickel ensures perfect wetting of tungsten particles during liquid-phase sintering, eliminating any 

possible interfacial porosity and weak bonding areas. Together, these two components allow the nozzle 

to withstand high-temperature, high-speed flames containing tungsten oxide and silicon carbide particles 

for thousands of hours without significant pore enlargement, peeling, or thermal cracking, even under 

continuous high-temperature flames exceeding 1200 degrees Celsius and instantaneous high 

temperatures exceeding 2000 degrees Celsius. In actual thermal spraying production lines, nozzles with 

this ratio are often the only material allowed to be included in "permanent process parameters," because 
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as long as it doesn't cause problems, the porosity, bonding strength, and batch consistency of the entire 

coating line will never go out of control. The successful tungsten -nickel-iron ratio represents one of the 

most perfect synergies between materials science and the needs of high-temperature engineering. 

 

2.2.1.3 Tungsten-nickel-copper alloy ratio 

 

The tungsten -nickel-copper alloy formula is the ultimate embodiment of "cleanliness and corrosion 

resistance," solving the fundamental problem of "non-magnetic + rust-free" in countless high-end 

applications in the most thorough way. The introduction of copper reduces the corrosion rate of the binder 

phase to near zero in acidic, alkaline, seawater, salt spray, disinfectant, and humid environments. The 

surface only requires simple passivation to prevent pitting, crevice corrosion, or stress corrosion cracking 

throughout its life. Simultaneously, the combination of copper and nickel results in a magnetic 

susceptibility almost identical to titanium alloys, ensuring that the nozzle will not generate any eddy 

current heat or trajectory deviation even in strong magnetic fields exceeding 3T. When combined with 

DLC, CrN , or diamond-like carbon coatings, the tungsten -nickel-copper nozzle has a friction coefficient 

so low that powder and droplets simply cannot adhere to it, keeping the inner wall perpetually shiny and 

new. In offshore wind turbine blade rust removal operations, it ensures that the nozzle does not expand 

even after thousands of hours of exposure to high salt spray, high humidity, and ultra-high pressure; in 

pharmaceutical and food equipment cleaning lines, it meets the most stringent biocompatibility and 

sterilization requirements; in the field of MRI-compatible drug-eluting stent coating nozzles, it is the 

only material that has been approved by both the FDA and CFDA. 

 

2.2.1.4 Special formulation: Customized for extreme working conditions such as high temperature 

and high pressure. 

 

When the conventional three-component ratios still cannot fully meet certain demanding working 

conditions, special ratios come into play. These ratios are no longer satisfied with being "good enough," 

but directly challenge the physical limits: adding molybdenum and rhenium systems raises the 

recrystallization temperature and high-temperature creep resistance to the limits of existing metallic 

materials; adding cobalt and rare earth systems increases grain boundary strength and resistance to 

cavitation and peeling by another order of magnitude; adding a specific proportion of copper and 

precisely controlling the sintering atmosphere to create a superconducting thermal version, so that the 

throat heat flux density is close to the theoretical limit without ablation; generating tungsten carbide, 

tungsten boride, or nitride particles in situ, pushing the resistance to diamond-grade abrasives to an 

extreme level; and even incorporating yttrium oxide and hafnium oxide to form a dispersed stable phase, 

so that the nozzle does not melt or collapse even at instantaneous temperatures close to 3,000 degrees 

Celsius . These special formulations often require aerospace-grade powders, vacuum + hydrogen dual-

atmosphere sintering, multiple hot isostatic pressing, proprietary post-processing, and up to six months 

of industrial verification. The cost is so high that it deters ordinary project managers. However, they are 

conquering the last bastion of conventional formulations: nuclear-grade decontamination , ultra-high-

power laser cladding, ultra-high temperature plasma, ultra-high pressure abrasive-containing mixed jet, 

scramjet combustion chamber, and other crazy corners of human industry. 
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2.2.2 Specifications and Control Requirements for Tungsten Alloys Used in Nozzles 

 

The specifications for tungsten alloys used in nozzles are no longer just ordinary "material grades," but 

a stringent industrial-grade standard system covering chemical composition, microstructure, physical 

properties, mechanical properties, process performance, cleanliness, batch consistency, and even full life-

cycle traceability . This system has been refined over more than 20 years by leading global manufacturers 

of thermal spraying, waterjet, laser cladding, common rail, and plasma equipment, along with material 

suppliers. It has been incorporated into the dedicated appendices of multiple international standards such 

as ISO, ASME, AMS, and DIN, and is also included in the mandatory clauses of almost all aerospace-

grade, medical-grade, and nuclear-grade process packages. 

 

2.2.2.1 Chemical composition specifications of tungsten alloy nozzles 

 

Chemical composition specifications are the "genetic identity card" of tungsten alloy nozzles. Each type 

of ratio corresponds to an element limit table accurate to one ten-thousandth or even one hundred-

thousandth, covering five major categories: main elements, binder phase elements, microalloying 

elements, residual gases and harmful impurities. Each item is equipped with strict upper and lower limits 

and target ranges. 

 

The content of the main element tungsten must be precisely locked within the high- tungsten range. If it 

is too low, the hardness and erosion resistance will be insufficient, and if it is too high, the sintering 

density cannot be guaranteed. The total amount of the three major binder phase elements, nickel, iron 

and copper , is not only controlled, but their ratio is also locked within an extremely narrow process 

window. Any deviation will lead to a significant deterioration in interface wettability, thermal 

conductivity or corrosion resistance. Microalloying elements such as molybdenum , rhenium, cobalt, 

tantalum and rare earth elements are added with a precision of a few parts per ten thousand. Their role is 

to inhibit recrystallization, strengthen grain boundaries or generate hard points in situ. If the content is 

slightly too high, a brittle phase will be formed, and if it is slightly too low, failure will occur. Residual 

gases (oxygen, nitrogen, hydrogen) and harmful impurities are controlled at the ppb level, because even 

trace amounts of oxygen will form volatile oxides at high temperatures, causing porosity, and trace 

amounts of alkali metals will cause liquid metal embrittlement. The control measures are extremely 

stringent: raw material powders must undergo glow discharge mass spectrometry and inert gas melting 

infrared- thermal conductivity full element analysis batch by batch ; after sintering, the billet is sampled 

again for a second full element re-inspection; and the finished nozzles after fine processing even need to 

be sliced for a third verification; all test data must be uploaded to a blockchain- level traceability platform 

and permanently bound to the batch number, furnace number, operator, and testing equipment number; 

if any element exceeds the tolerance, the entire furnace of material is directly scrapped and sealed for 

investigation. 

 

2.2.2.2 Physical property specifications of tungsten alloy nozzles 

 

Physical performance specifications are a direct macroscopic mapping of chemical composition and a 
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fundamental guarantee for the nozzle to maintain accurate geometry and jet quality over the long term. 

They encompass nine core indicators: density, thermal conductivity, coefficient of thermal expansion, 

magnetic susceptibility, recrystallization temperature, elastic modulus, Poisson's ratio, resistivity, and 

heat capacity. Each indicator has an extremely narrow acceptable range and a dedicated testing method, 

and must be verified at three temperature points: room temperature, typical operating temperature, and 

high-temperature limit. 

 

Density is considered the primary rigid indicator, and must reach at least 99.98% of the theoretical density. 

Any pores or inclusions will become stress concentration sources and early spalling points under 

supersonic erosion. Thermal conductivity directly determines whether heat can be quickly dissipated 

from the throat. Tungsten-nickel-iron systems must maintain high thermal conductivity at high 

temperatures, while tungsten-nickel-copper systems are allowed to be slightly lower but must be 

absolutely uniform. The coefficient of thermal expansion is controlled at an extremely low level to ensure 

that the throat diameter and cone angle hardly drift across the entire temperature range from below zero 

to two thousand degrees Celsius. Magnetic susceptibility in tungsten-nickel-copper systems must be so 

low that it is almost undetectable by instruments to meet the requirement of zero interference from strong 

magnetic fields. Recrystallization temperature is the lifeline of high-temperature nozzles; conventional 

formulations must not be lower than 1200 degrees Celsius, and special high-temperature formulations 

even require temperatures close to 2000 degrees Celsius. Elastic modulus and Poisson's ratio determine 

the micro-deformation of the nozzle under ultra-high pressure and strong recoil, and must be precisely 

matched to the finite element calculation model. Resistivity and heat capacity affect the arc adhesion and 

thermal response characteristics of high-power plasma nozzles. 

 

The testing methods are equally extreme: density is verified using Archimedes' displacement method and 

small-angle X-ray scattering; thermal conductivity is continuously tested using laser scintillation from 

room temperature to 1500 degrees Celsius; thermal expansion is measured point-by-point using a high-

temperature laser interferometer; magnetic susceptibility is calibrated using a superconducting quantum 

interference device at liquid helium temperature; recrystallization temperature is determined by a 

combination of high-temperature metallography and hardness gradient methods; all data must form 

continuous curves rather than single-point values, and the overlap between batches of curves must reach 

over 95%. If any physical property deviates from the acceptable range, the entire batch of nozzles is 

directly downgraded or destroyed. This "zero-tolerance" control over physical properties elevates 

tungsten alloy nozzles from "high-quality materials" to "precision instrument-grade functional 

components," and allows downstream process engineers to, for the first time, dare to include nozzle life, 

jet parameters, and coating quality in long-term contracts without any additional disclaimers. 

 

2.2.2.3 Mechanical property specifications of tungsten alloy nozzles 

 

Mechanical performance specifications are the ultimate guarantee that tungsten alloy nozzles can 

withstand extreme combined loads without being broken, cracked, or collapsed. These specifications 

encompass twelve key indicators: tensile strength, yield strength, elongation, reduction of area, impact 

toughness, fatigue strength, high-temperature instantaneous strength, high-temperature creep strength, 
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hardness, elastic modulus, fracture toughness, and cavitation peel strength. Each indicator must have 

clearly defined ranges at three points: room temperature, typical operating temperature, and extreme 

temperature. High-temperature data carries the highest weight because the true battleground for nozzles 

is never the laboratory, but rather flames at thousands of degrees Celsius and water hammer at hundreds 

of megapascals. 

 

Tensile strength and yield strength determine whether the nozzle can withstand ultra-high pressure and 

strong recoil without overall plastic deformation. The high tungsten content ratio must achieve both 

"extremely high strength" and "non-brittleness." Elongation and reduction of area ensure that failure 

occurs through ductile fracture rather than catastrophic fragmentation under accidental overload. Impact 

toughness and fracture toughness are the lifeline for resistance to thermal shock and particle impact. The 

ratio of tungsten-nickel-iron and tungsten-nickel-copper is optimized through binder phase to completely 

transform the brittleness of pure tungsten into acceptable quasi-ductility. Fatigue strength and high-

temperature creep strength are crucial for supersonic spray guns to withstand tens of thousands of thermal 

cycles and water jets to withstand millions of pressure pulsations. Any microcrack initiation will lead to 

catastrophic spalling. Hardness directly resists abrasive erosion, and the Vickers hardness must reach the 

theoretical upper limit of the high tungsten skeleton. Cavitation resistance is a specific indicator for ultra-

high pressure water jet nozzles, determined through a special tensile-cavitation composite test, and must 

far exceed that of traditional cemented carbide. 

 

The control measures are almost brutal: for each batch of material, at least three sets of standard tensile, 

impact, fatigue, and fracture toughness specimens must be taken and tested on a full temperature curve 

from room temperature to 1,500 degrees Celsius; high-temperature instantaneous and creep strength 

specimens must be held in a protective atmosphere furnace for hundreds of hours; hardness is verified 

using multi-scale methods from macroscopic Vickers to nanoscale indentation; all fracture surfaces must 

be analyzed by 100% scanning electron microscopy to confirm the absence of abnormal inclusions and 

brittle phases; if any mechanical property falls below the lower limit, the entire batch of material is 

directly sealed and a root cause analysis is initiated. This "zero-compromise" control over mechanical 

properties elevates the tungsten alloy nozzle from a "wear-resistant part" to a "structural-functional 

integrated load-bearing part," allowing it to compete with titanium alloys, nickel-based superalloys, and 

stainless steel without being inferior for the first time under the most demanding working conditions. 

 

2.2.2.4 Machining accuracy specifications for tungsten alloy nozzles 

 

Machining precision is the final step in transforming tungsten alloy nozzles from "high-quality materials" 

into "precision fluid dynamics instruments." It translates all the advantages of its chemical composition, 

physical properties, and mechanical properties into a series of micron- or even sub-micron-level 

geometric values, such as throat diameter tolerance, roundness, cylindricity, conical profile, inner wall 

roughness, coaxiality, perpendicularity, and end-face edge sharpness. Without this precision, even the 

best materials are merely scrap metal; with this precision, tungsten alloy nozzles truly become the 

ultimate masters determining jet velocity, divergence angle, atomized particle size, kerf width, and 

coating density. 
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Throat diameter tolerance, roundness, and cylindricity are the core of the system, directly determining 

the batch consistency of flow rate and velocity. They must be controlled within the micrometer level and 

remain virtually drift-free throughout the entire lifespan. The conical profile determines whether 

supersonic expansion is isentropic; any tiny step can induce shock waves, leading to particle velocity 

dispersion. The inner wall roughness must reach mirror-level, and after flow polishing, atomic force 

microscopy should show no scratches or deposits. Coaxiality and perpendicularity are crucial for coaxial 

powder feeding nozzles and fan-shaped nozzles; even slight deviations can cause powder beam skew or 

uneven fan surfaces. The end face cutting edge must maintain nanometer-level sharpness, without any 

curled edges or burrs; otherwise, droplets or powder will stagnate and form nodules at the outlet. 

 

The methods employed are nothing short of the brutal aesthetics of manufacturing: cold isostatic pressing 

followed by vacuum/hydrogen sintering ensures zero porosity and high rigidity in the billet; deep hole 

drilling, multi-stage diamond honing , and ultrasonic composite machining overcome deep holes with 

aspect ratios of tens of times; five-axis linkage wire EDM and laser finishing complete complex Laval 

conical surfaces; a triple-action process of flow polishing, magnetorheological polishing, and plasma 

electrolytic polishing pushes the inner wall roughness to the nanometer level; each nozzle undergoes 

three full-size scans using a coordinate measuring machine, optical profilometer, and white light 

interferometer before leaving the factory, with all data generating a unique QR code permanently linked 

to the physical product; any deviation in precision results in immediate remelting. This level of 

processing precision transforms the tungsten alloy nozzle from a mere "part" into a "standard-level 

functional unit," allowing downstream users to confidently include "jet parameters that never drift" in 

their quality commitments to end customers for the first time. This extreme level of processing precision 

has achieved the ultimate goal of making the tungsten alloy nozzle "theory is reality, design is the 

physical object," giving it an almost religious status in the global high-end manufacturing chain. 

 

 

CTIA GROUP LTD tungsten alloy nozzles 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

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

production with 30 years of experience. 

 

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

mature technology. 

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

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

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

performance. 

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

100,000+ customers 

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

sports and entertainment and other fields. 

Service commitment 

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

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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Chapter 3 Characteristics of Tungsten Alloy Nozzles 

 

3.1 Melting point characteristics of tungsten alloy nozzles 

 

Tungsten alloy nozzles can survive in the hottest corners of human industry for so long lies in their 

unparalleled high melting point among all engineering materials. This characteristic is not simply "heat 

resistance," but rather the result of the combined effects of the extremely high metallic bonding energy 

of tungsten atoms, the extremely stable body-centered cubic lattice, and the near-perfect dense structure 

after liquid-phase sintering. This allows the nozzle throat to directly face plasma jets exceeding 3,000 

degrees Celsius instantaneously, supersonic flames exceeding 2,000 degrees Celsius, and high-

temperature combustion gases exceeding 1,500 degrees Celsius continuously without melting, dripping, 

or catastrophic softening. Thus, it becomes the absolute material foundation for processes such as thermal 

spraying, plasma generation, laser cladding, and ultra-high temperature combustion. 

 

3.1.1 Numerical range and determination standards for high melting points 

 

Tungsten alloy nozzles are based on the theoretical melting point of pure tungsten at 3410 degrees Celsius. 

Through liquid-phase sintering and binder phase optimization, a wide and stable engineering melting 

point range is achieved in practical applications. The main tungsten skeleton maintains an ultra-high 

melting point close to that of pure tungsten. Although the binder phase has a lower melting point, it coats 

tungsten particles in an extremely thin liquid film at high temperatures. This prevents the formation of 

macroscopic low-melting-point channels and effectively inhibits the sublimation and oxidation 

volatilization of tungsten. As a result, the overall material exhibits quasi-refractory characteristics with 

"no definite liquid-phase dripping temperature" in actual working conditions . Even in the most extreme 

high-temperature plasma spraying or ultra-high-temperature flame spraying, only a small amount of local 

tungsten particle sublimation and redeposition occurs on the nozzle surface. The molten dripping, throat 

collapse, or flow channel blockage commonly seen in traditional nickel-based and cobalt-based nozzles 

will never occur . 

 

The measurement standard adopts an internationally accepted three-method calibration system 

combining blackbody furnace, high-temperature thermocouple, and dual-color infrared thermometry, 

along with high-speed photography and microscopic melting tests, to ensure accuracy and repeatability 

across the entire temperature range from room temperature to 3,500 degrees Celsius. In actual 

engineering acceptance, more attention is paid to three practical critical points: "temperature at which 

first visible melting signs appear," "temperature at which first droplets appear," and "temperature at 

which the geometry of the throat runs out of control." These indicators are strictly incorporated into the 

specifications of aerospace-grade thermal spraying process packages and high-power plasma equipment, 

serving as the rigid basis for nozzle selection and life prediction. 

 

3.1.2 The value of high melting point for adaptability to high-temperature operating conditions 

 

The greatest value brought by the high melting point is that it completely breaks the chain of failure of 
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traditional materials under high temperature conditions, which is "softening-deformation-melting". For 

the first time, the nozzle dares to expose its throat directly to the hottest energy flow that can be controlled 

by humans without backing down. 

 

In the fields of supersonic flame spraying and ultra-high temperature plasma spraying, the high melting 

point enables tungsten alloy nozzles to operate continuously in oxygen-containing flames exceeding 

1800 degrees Celsius and instantaneously exceeding 2800 degrees Celsius, without softening, collapsing , 

or dripping at the throat. This ensures that particles consistently impact the substrate at maximum speed 

and optimal temperature, achieving coating density and bonding strength at forging-grade levels in a 

single application. In high-power laser cladding with coaxial powder feeding , the high melting point 

allows the nozzle to be positioned just millimeters from the edge of the laser focal spot, withstanding the 

combined thermal shock of reflected laser light and molten pool radiation without melting or collapsing, 

ensuring powder beam focusing accuracy without drift for thousands of hours. In the fields of gas turbine 

combustion chambers and industrial boiler nozzles, the high melting point enables the nozzles to 

maintain geometric integrity under long-term scouring of high-temperature gas exceeding 1200 degrees 

Celsius, with zero batch-to-batch fluctuations in atomization cone angle and droplet size , achieving ultra-

low emissions and maximum combustion efficiency. 

 

The deeper value lies in the fact that the high melting point gives the tungsten alloy nozzle an extremely 

strong "thermal fault tolerance": even if the upstream combustion goes out of control and the temperature 

soars by hundreds of degrees in an instant, the nozzle can still buy the operator valuable reaction time by 

virtue of its huge heat absorption capacity and non-melting characteristics , thus avoiding catastrophic 

equipment damage; during long-term continuous operation, the high melting point combined with high 

thermal conductivity makes the temperature gradient on the nozzle surface extremely small, and the 

thermal stress is almost zero, thus eliminating thermal fatigue cracks. 

 

3.2 Density characteristics of tungsten alloy nozzles 

 

Tungsten alloy nozzles are the physical foundation of all their "extreme" properties, and also their most 

insurmountable fundamental difference from traditional cemented carbide, ceramic, stainless steel, and 

titanium alloy nozzles. High density is not merely a simple accumulation of mass; it is a meticulously 

woven "tungsten atom armor" at the microscopic scale, simultaneously endowing the nozzle with 

unparalleled erosion resistance, jet direction stability, vibration resistance, heat capacity buffering 

capacity, and geometric fidelity under high-speed recoil. Without this density characteristic, all other 

advantages would be castles in the air. 

 

3.2.1 Typical density range and influencing factors 

 

The density range of tungsten alloys used in nozzles is precisely locked within an extremely narrow and 

high engineering range: from a minimum of 16.8 g/cm³ (non-magnetic tungsten-nickel-copper system) 

to a maximum of 18.8 g/cm³ (high-strength tungsten -nickel-iron system or special high-tungsten ratio), 

almost covering the ceiling of the density of all known engineering materials. This range is not arbitrary, 
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but rather the inevitable result of the coupling of multiple variables such as tungsten content, type and 

proportion of binder phase, sintering process parameters, and post-processing methods. 

 

Tungsten content is the primary determining factor; for every 1% increase in tungsten content, density 

increases linearly by approximately 0.17–0.19 g/cm³. The type of binder phase is the second key factor; 

nickel-iron binders can contribute an additional 0.5–0.8 g/cm³ compared to nickel-copper binders 

because iron has a higher atomic weight than copper. The sintering process is the third control valve; 

vacuum + hydrogen dual-atmosphere liquid-phase sintering combined with two hot isostatic pressing 

processes can reduce porosity to below 0.02%, bringing the actual density infinitely close to the 

theoretical value. Post-processing, such as hot extrusion, rotary forging, or multiple annealing, further 

eliminates residual micropores, pushing the density up by a final few 0.01 g/cm³. 

 

The stringent control measures are astonishing: each batch of billets must undergo dual verification using 

Archimedes' drainage method and small-angle X-ray scattering; a density deviation exceeding ±0.05 

g/cm³ is considered unqualified. Finished nozzles are sampled and retested before leaving the factory, 

and the data must perfectly match the billet stage. All density curves, furnace numbers, operator 

information, and equipment serial numbers are traceable for life. If the density is too low, the erosion 

resistance lifespan may be halved, or even worse, micro-vibrations under supersonic recoil may cause 

jet divergence, resulting in the entire batch being scrapped . This obsessive pursuit of density transcends 

mere "performance indicators" and rises to the level of a "process faith." 

 

3.2.2 The Correlation Mechanism Between High Density and Wear Resistance and Stability 

 

The contribution of high density to wear resistance and stability is a complete causal chain from the 

atomic scale to macroscopic behavior, which can be described as the violent aesthetics of materials 

science. 

 

First, there's the resistance to erosion and wear. High density means an extremely high number of 

tungsten atoms per unit volume, resulting in an exponential increase in resistance when abrasive particles 

impact. According to classical abrasive wear theory, the wear rate is inversely proportional to material 

density. However, in tungsten alloy nozzles, this relationship is further amplified: a density of 17–18 

g/cm³ combined with a near-continuous tungsten skeleton means that almost all the kinetic energy of the 

abrasive particles is converted into very shallow plastic deformation and heat energy, making it virtually 

impossible to cut off any tungsten atoms. In supersonic flame spraying of silicon carbide particles, 

ordinary cemented carbide nozzles suffer severe orifice enlargement after a few hundred hours, while 

tungsten alloy nozzles retain their initial throat diameter even after thousands of hours, with a wear depth 

only a fraction of that of the former. High density directly transforms "wearing off a layer" into "almost 

no wear at all." 

 

Secondly, there's the stability of the jet direction and flow rate. The immense mass inertia resulting from 

high density ensures that the nozzle experiences almost no micron-level vibration or deflection when 

subjected to the backlash of supersonic airflow or ultra-high-pressure water flow. Ordinary material 
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nozzles would experience high-frequency flutter under the same backlash force, causing the jet core area 

to shake and the divergence angle to periodically increase. However, the mass inertia of the tungsten 

alloy nozzle acts like a mountain, suppressing all disturbances. The jet direction remains perfectly still 

for thousands of hours, and flow fluctuations are suppressed below the detection limit. In coaxial powder 

feeding for laser cladding , this stability allows the powder beam to achieve micron-level overlap with 

the laser focal spot, resulting in surface waviness on a single pass that is virtually imperceptible to the 

naked eye. 

 

Secondly, there's the issue of heat capacity and thermal shock absorption . High density means extremely 

high volumetric heat capacity. When the throat absorbs a thermal shock of thousands of degrees Celsius 

instantaneously, the temperature rises very slowly, buying valuable time for the water cooling system to 

dissipate heat. Simultaneously, the thermal gradient is extremely small, and thermal stress is almost zero, 

fundamentally preventing thermal fatigue cracks. In high-power plasma spraying guns, tungsten alloy 

nozzles can withstand the temperature surge caused by the instantaneous uncontrolled combustion 

upstream without cracking, while traditional materials would have already shattered into dust. 

 

Finally, there's the overall rigidity and resistance to deformation. High density combined with a high 

elastic modulus ensures negligible overall deformation of the nozzle under ultra-high pressure or strong 

centrifugal force. The throat diameter and cone angle maintain their initial values even under hundreds 

of megapascals of water hammer, completely ending the nightmare of "becoming looser and more 

crooked with use." This high-density characteristic elevates the tungsten alloy nozzle from a mere "wear-

resistant consumable" to a multifunctional complex acting as an "anti-erosion fortress, vibration-resistant 

base, thermal shock damper, and geometrically permanent instrument." For the first time, it allows 

humanity to fearlessly expose its most vulnerable throat to the most violent energy flow. This is the 

physical origin of all the characteristics of the tungsten alloy nozzle and its irreplaceable ultimate strength. 

 

3.3 Hardness characteristics of tungsten alloy nozzles 

 

Tungsten alloy nozzles are the material basis for their long-term wear resistance and erosion resistance 

under extreme working conditions. This characteristic stems from the high intrinsic hardness of the 

tungsten particle skeleton and the synergistic effect of the binder phase, making the overall hardness of 

the nozzle significantly higher than that of stainless steel and titanium alloys, yet slightly lower than that 

of pure tungsten or cemented carbide, forming a unique range that perfectly balances wear resistance and 

toughness. This directly determines whether the inner wall of the throat can remain clean and undeformed 

under the scouring of a high-speed airflow containing hard particles, thus ensuring the long-term 

reliability of jet stability and process quality. 

 

3.3.1 Commonly used testing methods for hardness index 

 

Hardness testing is the most mature and reliable non-destructive assessment method for the quality 

control of tungsten alloy nozzles. It combines three main methods—indentation, rebound, and non-

destructive ultrasonic testing—to ensure that the hardness distribution of each nozzle is uniform and 
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meets design requirements. Indentation is the most traditional yet direct method, typically using a Vickers 

or Rockwell hardness tester: a standard indentation is made on the outer surface of the nozzle or a cross-

section under a fixed load. The diagonal length or depth of the indentation is measured using a 

microscope, and the hardness value is calculated. This method is particularly suitable for batch sampling 

and throat section verification, and can directly reflect the synergistic hardness effect between the 

tungsten particle skeleton and the binder phase. 

 

The rebound method primarily uses Shore or Lee hardness testers. A small, hard hammer is dropped or 

launched to impact the nozzle surface, and the rebound height or velocity is measured to calculate the 

hardness value. This method is completely non-destructive, portable, and efficient, suitable for on-site 

full inspection and post-assembly re-inspection. Especially when assessing the hardness of the nozzle's 

inner wall, endoscopy can be used to indirectly estimate the hardness distribution in the throat region, 

avoiding anatomical damage. 

 

Non-destructive ultrasonic testing is the most advanced method in recent years, utilizing the propagation 

speed and attenuation of high-frequency ultrasonic waves within the nozzle to infer the hardness gradient. 

Sound velocity and hardness are positively correlated, while attenuation reflects internal defects or 

uneven hardness. Through multi-probe array scanning, a hardness contour map of the entire nozzle can 

be generated within minutes, making it particularly suitable for full-coverage inspection of large-size or 

complex geometric nozzles. All method data must be cross-validated: indentation provides a baseline 

value, rebound testing provides rapid screening, and ultrasonic testing provides full-domain mapping, 

forming a complementary closed-loop system to ensure that hardness deviations are detected early and 

traced back to the composition or process source. This multi-method combined hardness testing system 

has become the ultimate dividing line between acceptable and excellent tungsten alloy nozzles. 

 

3.3.2 Correlation Analysis between Hardness and Service Life 

 

The relationship between hardness and service life in tungsten alloy nozzles exhibits a strong positive 

correlation, but it is not a simple linear one. Rather, it is determined by the combined effect of four 

regulatory mechanisms: hardness influences erosion rate, thermal fatigue cracking threshold, cavitation 

peeling threshold, and surface oxidation initiation. Ultimately, this determines how long the nozzle can 

serve under the most severe operating conditions. Higher hardness results in shallower micro-cutting and 

furrowing depths by abrasive particles, leading to a lower material loss rate per unit time and directly 

extending the throat expansion failure time. In thermal spraying and combustion nozzles, high hardness 

delays the high-temperature softening initiation point, maintaining long-term stability of the flow channel 

geometry and indirectly suppressing process quality degradation and accelerated wear caused by jet 

divergence. High hardness also raises the peak surface stress threshold during cavitation bubble collapse, 

making the nozzle less prone to pitting and crack initiation in ultra-high pressure water jets. Finally, high-

hardness surfaces are less likely to form oxide layer initiation points, delaying the high-temperature 

oxidation and peeling process, thus significantly extending the nozzle's lifespan in oxygen-containing 

flames . The synergy of these four mechanisms transforms hardness from a "static indicator" into a "life 

multiplier," and also makes the hardness design of tungsten alloy nozzles an anchor point for life 
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prediction throughout the entire process chain. 

 

3.4 Strength Characteristics of Tungsten Alloy Nozzles 

 

tungsten alloy nozzles are their most fundamental advantage over ceramics, cemented carbide, and even 

pure tungsten: while possessing hardness approaching that of ceramics, they also exhibit overall strength 

and toughness far exceeding that of ceramics and approaching or even surpassing that of high-quality 

alloy steel. This dual characteristic of being both "hard and strong" enables the nozzle to, for the first 

time, withstand combined loads of ultra-high pressure, strong recoil, severe vibration, and instantaneous 

impact without shattering or permanently deforming. This makes it the sole reliable carrier for extreme 

working conditions such as ultra-high pressure water jetting, supersonic flame spraying, high-power laser 

cladding, diesel common rail systems, and industrial cleaning. 

 

3.4.1 Core Indicators of Tensile Strength and Compressive Strength 

 

Tungsten alloy nozzles are two complementary yet distinct core indicators, which together constitute the 

safety boundary of the nozzle under complex stress conditions. 

 

Tensile strength is the ultimate measure of a nozzle's overall fracture resistance. A typical high-strength 

tungsten -nickel-iron mix can easily exceed 1200 MPa at room temperature, even approaching 1500 MPa, 

and maintains above 900 MPa at 800°C, far surpassing most martensitic stainless steels and titanium 

alloys. While the non-magnetic tungsten -nickel-copper mix is slightly lower, it still exceeds 1000 MPa 

and decays more slowly at high temperatures. This ultra-high tensile strength originates from the 

continuous network of the tungsten particle skeleton and the high interfacial bonding force of the binder 

phase, making crack initiation and propagation difficult. Even if microcracks appear, they are quickly 

passivated and bridged by the ductile binder phase, thus achieving a rare combination of "high strength 

+ quasi-ductility." 

 

The compressive strength is almost twice the tensile strength, often exceeding 3000 MPa, and even 

approaching 4000 MPa, close to the theoretical limit. This allows the tungsten alloy nozzle to exhibit 

almost no plastic deformation at the throat and outer wall when subjected to ultra-high pressure water 

hammer, supersonic airflow backlash, or centrifugal force, and its geometric dimensions maintain their 

initial accuracy after millions of pressure pulses. The high compressive strength is mainly due to the 

ultra-high compressive modulus and near-zero porosity dense structure of the tungsten particles 

themselves, which leaves almost no space for dislocation slip under compressive loads, thus exhibiting 

a ceramic-like "hard and incompressible" characteristic. 

3.4.2 Strength characteristics under high-pressure conditions 

 

In real high-pressure operating conditions, the strength characteristics of tungsten alloy nozzles are 

amplified to the extreme, which translates into a direct guarantee of lifespan, accuracy, and safety.  

 

In the field of ultra-high pressure water jet (280–700 MPa), ordinary cemented carbide nozzles often 
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develop circumferential cracks and overall collapse within a few hundred hours due to the combined 

effects of high pressure water hammer and cavitation. However, tungsten alloy nozzles, with their ultra-

high compressive and tensile strength, do not develop any macroscopic cracks in the throat even after 

millions of pressure pulses. Their geometric deformation is as low as the submicron level, ensuring that 

the kerf width and surface finish do not deteriorate for thousands of hours. 

 

In high-velocity oxygen fuel spraying (HVOF) and cold spraying, nozzles must withstand airflow 

backlash and severe vibrations of up to 8–10 MPa. Traditional materials will break due to rapid fatigue 

crack propagation. Tungsten alloy nozzles, on the other hand, raise the crack initiation threshold several 

times with their ultra-high fatigue strength and tensile strength, easily exceeding 3,000 hours of single-

piece life, while maintaining extreme stability in particle velocity and temperature distribution. 

 

In diesel common rail nozzles and high-power laser cladding coaxial powder feeding nozzles, the 

strength characteristics ensure that the nozzles will never loosen or deviate under strong recoil and 

centrifugal force, and the coaxiality of the nozzle or powder path will not drift for tens of thousands of 

hours, thus achieving long-term locking of combustion efficiency and forming accuracy. 

 

The most extreme manifestation is in scenarios of accidental overpressure or uncontrolled combustion: 

when the upstream pressure suddenly surges to more than twice the design value, the tungsten alloy 

nozzle often absorbs energy through localized plastic deformation, ultimately failing in a way that 

"expands but does not shatter or splatter," buying the operator precious time for escape and repair, 

whereas traditional materials would have already exploded into fragments, causing a disaster. The 

strength characteristics have completely transformed the tungsten alloy nozzle from a "consumable 

material" into a key structural functional component that "can bear the weight of life," allowing humanity, 

for the first time, to dare to place the most vulnerable part of the throat under the most violent pressure 

and recoil without fear. 

 

3.5 Chemical stability of tungsten alloy nozzles 

 

Tungsten alloy nozzles is the fundamental guarantee for their long-term service in the harshest chemical 

media and high-temperature oxidizing environments. Unlike stainless steel, which relies on a passivation 

film, or nickel-based alloys, which depend on a sacrificial oxide layer, tungsten achieves near-absolute 

stability—"virtually no visible reaction with any common media"—through the extremely high chemical 

inertness of tungsten itself, the precise optimization of the binder phase, and the synergistic effect of the 

surface microstructure. This characteristic allows the nozzles to operate for thousands of hours in extreme 

chemical environments such as strong acids, strong alkalis, seawater, disinfectants, and high-temperature 

oxygen-containing flames without their surface remaining as clean as new. 

 

3.5.1 Performance in resisting acid and alkali corrosion 

 

Tungsten alloy nozzles, especially the tungsten-nickel-copper system, exhibit remarkable corrosion 

resistance across the entire pH range (0–14), earning them the title of "all-around corrosion resistant 
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king." In concentrated sulfuric acid, concentrated nitric acid, hydrochloric acid, aqua regia, hydrofluoric 

acid, hot concentrated alkali, boiling sodium hypochlorite, seawater, salt spray, humid and hot 

environments, and most organic acids, the nozzle surface quality loss rate is so low as to be almost 

undetectable, and pitting corrosion, crevice corrosion, intergranular corrosion, and stress corrosion 

cracking are completely eliminated. 

 

The core mechanism lies in the fact that tungsten itself is completely inert to most non-oxidizing acids 

at room temperature; the addition of copper makes the binder phase form an extremely stable copper-

nickel solid solution that does not dissolve in strong acids and does not undergo hydroxide ion corrosion 

in strong alkalis; the dense structure with almost zero porosity after sintering completely eliminates the 

channels for corrosive media to penetrate along grain boundaries or pores; although the extremely thin 

passivation layer that naturally forms on the surface is soluble , it can self-repair at an extremely slow 

rate during the corrosion process, forming a dynamic equilibrium rather than continuous peeling. 

 

In real-world industrial scenarios, tungsten-nickel-copper nozzles exhibit no pitting or dimensional 

changes during thousands of hours of high-pressure seawater rust removal operations on offshore wind 

turbine blades; they remain rust-free and do not release harmful ions when directly exposed to boiling 

concentrated acids and alkalis in chemical pipeline pickling and alkali washing lines ; they meet the most 

stringent cleanliness and reusable sterilization requirements in high-pressure disinfection and cleaning 

of food and pharmaceutical equipment; and their surfaces remain permanently unactivated even after 

long-term immersion in acidic solutions containing radioactive elements in nuclear facility wastewater 

treatment processes. 

 

3.5.2 Antioxidant capacity under high temperature environment 

 

Tungsten alloy nozzles in high-temperature, oxygen-containing environments is equally impressive, 

completely breaking the inherent curse of pure tungsten being "easily volatile and oxidized at high 

temperatures." When tungsten -nickel-iron and high-tungsten ratios are used in oxygen-containing flame 

streams or plasma arcs at sustained temperatures above 1200°C or instantaneous temperatures above 

2000°C, only an extremely thin and dense WO₃ protective layer forms on the surface , unlike the loose, 

volatile oxide "tungsten blue" of traditional pure tungsten . The oxidation weight gain rate and thickness 

growth rate are so low as to be almost negligible, and the throat geometry remains unchanged for 

thousands of hours due to oxidation and spalling. 

 

The mechanism is as follows: the binder phase (especially nickel-iron) preferentially undergoes trace 

oxidation at high temperatures, forming an extremely thin nickel-tungsten composite spinel layer that 

firmly locks in the tungsten particles and prevents oxygen atoms from diffusing further into the interior; 

the tungsten particles themselves are difficult to sublimate directly under the coating of the binder phase, 

and oxidation can only occur in the form of an extremely slow interfacial reaction; the near-zero porosity 

structure eliminates the channels for rapid oxygen penetration along the grain boundaries ; although the 

WO₃ layer formed on the surface is volatile , it is firmly attached due to the "pinning" effect of the binder 

phase, and the vicious cycle of "bubbling-peeling-accelerated oxidation" that occurs in traditional pure 
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tungsten does not occur . 

 

In extreme high-temperature and oxygen-containing environments such as high-velocity oxygen-

containing environments (HVOF), atmospheric plasma spraying (APS), high-power plasma welding and 

cutting, and gas turbine combustion chambers, tungsten alloy nozzles exhibit astonishing performance, 

being "unmelted by burning, oxygen-proof, and resistant to peeling." A single nozzle's lifespan easily 

exceeds several thousand hours, while traditional copper-backed nozzles or cemented carbide nozzles 

often fail after only a few hundred hours due to oxidation and corrosion. This oxidation resistance allows 

tungsten alloy nozzles to directly expose their throats to the hottest, most oxygen-containing energy flow 

that is controllable by humans without flinching, pushing the temperature limits of processes such as 

thermal spraying, plasma generation, and high-temperature combustion by hundreds of degrees Celsius. 

The extreme chemical stability, especially the dual excellence of resistance to acid and alkali corrosion 

and high-temperature oxidation resistance, elevates tungsten alloy nozzles from a mere "material" to a 

"perpetual throat capable of resisting any chemical erosion for its entire lifespan." 

 

3.6 Thermal conductivity of tungsten alloy nozzles 

 

Thermal conductivity is the core capability that allows tungsten alloy nozzles to remain calm and efficient 

under extreme heat loads. It prevents the throat from softening, oxidizing, or deforming due to localized 

overheating when facing flames or laser reflections of thousands of degrees Celsius. Instead, it acts like 

a highly efficient heat highway, rapidly dissipating the destructive heat to the water-cooled outer wall or 

the surrounding environment. This transforms the nozzle from a "victim dominated by high 

temperatures" into a "master of high temperatures." It is precisely because of this that tungsten alloy 

nozzles can withstand prolonged exposure to the hottest industrial environments, such as thermal 

spraying, plasma generation, laser cladding, and high-power combustion, without burning out. 

 

3.6.1 Key parameter range of thermal conductivity 

 

Tungsten alloy nozzles forms a clear gradient spectrum depending on the different proportions: the high-

strength tungsten-nickel-iron proportion has a higher thermal conductivity due to the contribution of iron; 

the non-magnetic and corrosion-resistant tungsten -nickel-copper proportion has a further improved 

coefficient due to the inherent thermal conductivity advantage of copper; the basic proportion with high 

tungsten content achieves a balance between the two; and the special superconducting thermal proportion 

can push the thermal conductivity to the theoretical upper limit of existing tungsten alloys by increasing 

the copper content and precisely controlling the sintering atmosphere and subsequent hot extrusion 

process. 

 

This range is the result of a precise synergy of multiple factors: tungsten 's thermal conductivity primarily 

relies on electron transfer, and pure tungsten already boasts one of the highest thermal conductivity 

coefficients among metals; the nickel-iron or nickel-copper binder phases fill the gaps between tungsten 

particles in extremely thin layers, neither creating significant thermal resistance nor hindering overall 

electron mobility through alloying; the near-zero porosity dense structure completely eliminates heat 
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scattering from pores; and the appropriate addition of microalloying elements such as cobalt and rare 

earth elements further optimizes grain boundary thermal resistance, resulting in minimal thermal 

conductivity attenuation at high temperatures. Actual testing employs continuous laser scintillation 

measurements from room temperature to 1500 degrees Celsius, cross-validated using a steady-state 

comparison method to ensure a high degree of overlap in thermal conductivity curves for each batch. It 

is this precise grading and extreme control of thermal conductivity that allows users to accurately select 

the appropriate ratio based on the heat load intensity: tungsten-nickel-iron for mild high temperatures, 

high-tungsten base for moderate high temperatures, and tungsten-nickel-copper or special 

superconducting versions for severe high temperatures, ensuring no waste or deficiency. 

 

3.6.2 Influence of thermal conductivity on temperature distribution and thermal deformation 

 

Excellent thermal conductivity in actual working conditions can be described as a silent but life-or-death 

large-scale thermal battle in terms of temperature distribution and thermal deformation. 

 

First, it completely reshapes the temperature field of the nozzle. In supersonic flame spraying or high-

power plasma spraying, the throat surface is instantaneously subjected to heat flow of thousands of 

degrees. If the thermal conductivity is insufficient, the local temperature can soar to the softening or even 

melting point in milliseconds, leading to throat collapse or oxidation and peeling. However, the high 

thermal conductivity of the tungsten alloy nozzle allows heat to diffuse radially and axially at extremely 

high speeds, keeping the highest temperature at the throat below a safe threshold. The outer wall 

temperature is only tens of degrees higher than that of the cooling water, forming an ideal temperature 

distribution of "internal heat and external cold, with an extremely steep gradient." This distribution not 

only avoids material degradation but also minimizes thermal stress because thermal expansion mainly 

occurs in the extremely thin surface layer, and the deeper layers hardly experience any temperature 

changes. 

 

Secondly, it virtually eliminates thermal deformation. Ordinary material nozzles experience significant 

thermal stress under high-temperature gradients due to the difference in internal and external expansion, 

leading to increased throat diameter, cone angle deviation, or even overall bending. In contrast, tungsten 

alloy nozzles, with their uniform temperature field created by high thermal conductivity and extremely 

low coefficient of thermal expansion, effectively suppress thermal deformation to the sub-micron level. 

Even after thousands of hours of high-temperature erosion, the throat geometry remains perfectly 

consistent with cold-state measurements. In laser cladding coaxial powder feeding nozzles, this 

"thermally non-deformable" characteristic ensures zero drift between the powder beam focal point and 

the laser focal spot over thousands of hours, achieving single-pass forming accuracy comparable to 

forgings. 

 

Finally, thermal conductivity also provides a life-saving buffer against sudden thermal shocks. When 

upstream combustion goes out of control or laser reflection suddenly intensifies, high thermal 

conductivity allows heat to be instantly "drawn away," resulting in an extremely gentle temperature rise 

curve at the throat. This buys valuable reaction time for the water cooling system and operators, 
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preventing catastrophic burn-through. Thermal conductivity is no longer just a simple physical parameter, 

but the ultimate strategic weapon for tungsten alloy nozzles to "turn heat into safety and danger into 

security" on the high-temperature battlefield. It gives the nozzle, for the first time, the incredible ability 

to "remain calm the more it burns," allowing humans to confidently pour the hottest energy directly into 

the most vulnerable throat without worry. 

 

3.7 Electrical conductivity of tungsten alloy nozzles 

 

Conductivity is one of the most flexible and controllable properties of tungsten alloy nozzles in a material 

system. Like a tuner plucking a string, it can be adjusted from a highly conductive state close to that of 

pure copper to an insulating state almost comparable to ceramic. This customizable conductivity allows 

tungsten alloy nozzles to precisely match process requirements in extreme electromagnetic environments 

such as strong electric fields, high currents, plasma arcs, electromagnetic induction heating, and strong 

magnetic fields, without becoming a parasitic attachment point for arcs, generating eddy current heat, or 

interfering with precision electromagnetic measurements. 

 

3.7.1 Numerical characteristics of electrical conductivity 

 

The conductivity (characterized by resistivity or electrical conductivity) of tungsten alloy nozzles forms 

a complete spectrum from high conductivity to near insulation: the resistivity of special ratios of tungsten 

copper and high copper is the lowest, almost approaching the level of pure copper; the non-magnetic and 

corrosion-resistant ratio of tungsten nickel copper is slightly higher, but still maintains excellent 

conductivity; the conventional ratio of tungsten nickel iron is in the middle, showing a transition range 

from weak conductivity to medium conductivity; the basic ratio of high tungsten content and some 

special ratios can push the resistivity to the level of cemented carbide or even zirconia ceramics by 

reducing the proportion of binder phase or introducing trace amounts of insulating phase. 

 

The formation of this spectrum stems entirely from the precise control of the type and content of the 

binder phase: copper, as the best electronic conductor, exhibits stronger conductivity with higher content 

and more continuous distribution; the conductivity of iron and nickel decreases sequentially, and electron 

scattering is more severe at high temperatures; when the total amount of the binder phase is compressed 

to a minimum and tungsten particles form a near-continuous framework, electron migration channels are 

severely blocked, leading to a sharp increase in resistivity. During manufacturing, a combination of 

powder particle size matching, fine-tuning of the sintering temperature curve, and post-hot extrusion and 

annealing processes allows for precise adjustment of the resistivity by several orders of magnitude within 

the same formulation. Testing employs a four-probe method combined with a high-temperature vacuum 

resistance testing system, ensuring highly repeatable resistivity curves across the entire temperature 

range from room temperature to 1000 degrees Celsius.  

 

3.7.2 Adaptability of conductivity to specific application scenarios 

 

The customizable conductivity demonstrates remarkable adaptability in real-world scenarios, becoming 
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the ultimate key to solving a series of electromagnetic problems that traditional materials cannot 

overcome. 

 

In the fields of arc plasma spraying, plasma welding and cutting, highly conductive tungsten copper or 

tungsten nickel copper nozzles can serve as electrode extensions, directly participating in arc 

confinement and conduction. They are not eroded by the arc and can quickly dissipate Joule heat, 

avoiding overheating and collapse of the throat. In ultra-fine plasma scenarios where strict arc creep 

control is required, a high resistivity high tungsten ratio is selected, making the nozzle a natural arc 

insulator. The arc is precisely locked in the designed position, and the cutting kerf width and coating 

uniformity reach unprecedented levels. 

 

In drug coating nozzles, MRI-compatible stent spraying nozzles, and strong magnetic separation cleaning 

nozzles in strong magnetic field environments, the completely non-magnetic and moderately conductive 

properties of tungsten-nickel-copper eliminate eddy current heat and hysteresis loss, ensuring that the 

nozzle temperature hardly rises in magnetic fields above 3T, and the jet trajectory is not affected by 

Lorentz force at all, ensuring that the drug particle deposition thickness is uniform to the nanometer level, 

and thoroughly meeting the most stringent medical-grade cleanliness and safety requirements. 

 

Coaxial powder feeding nozzle for induction heating-assisted laser cladding and selective laser melting , 

the medium conductivity tungsten-nickel-iron ratio allows the nozzle to be slightly preheated by the 

medium-frequency induction field to reduce thermal shock, without generating excessive eddy currents 

that would cause it to overheat, thus ensuring that the powder beam remains perfectly focused in the 

high-temperature region. 

 

In high-voltage electrostatic atomization, electrostatic spraying, and electrostatic dust removal nozzles, 

the high resistivity ratio makes the nozzle an ideal carrier for corona discharge electrodes. The electric 

field is concentrated at the tip and does not leak along the nozzle body, pushing the atomized particle 

size and coating adhesion rate to their limits. 

 

Precise conductivity adaptation gives tungsten alloy nozzles, for the first time, the ability to adapt to the 

electromagnetic environment: more conductive than copper when needed, more insulating than ceramic 

when required, completely unaffected by weak magnetic fields, and instantly dissipating Joule heat when 

necessary. It is no longer merely a mechanical component, but an "intelligent electromagnetic skin" that 

can actively participate in electromagnetic field control, giving humans, for the first time, complete 

freedom in throat design within environments with strong electricity, strong magnetism, and strong fields. 

This conductivity characteristic completely ends the age-old curse that "high temperature resistance 

requires sacrificing electromagnetic compatibility, and electromagnetic compatibility requires sacrificing 

lifespan." 

 

3.8 Wear resistance of tungsten alloy nozzles 

 

The most crucial, intuitive, and industrially relied-upon characteristic of tungsten alloy nozzles . It 
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determines whether the nozzle can maintain a smooth throat geometry and inner wall in extreme erosive 

environments such as high-speed airflow containing hard particles, ultra-high-pressure water jets 

containing abrasives, and repeated impacts from molten powder, thereby ensuring the continuous 

reliability of jet accuracy, flow stability, and process quality. The wear resistance of tungsten alloy 

nozzles surpasses that of traditional cemented carbide, ceramics, stainless steel, and pure tungsten. 

 

3.8.1 Wear Mechanism and Wear Resistance Evaluation Criteria 

 

Tungsten alloy nozzles primarily face four types of wear mechanisms in actual service: abrasive erosion 

wear, cavitation peeling wear, high-temperature softening synergistic wear, and adhesion-fatigue 

composite wear. Abrasive erosion is the most common failure mode, where hard particles repeatedly 

impact the throat and inner wall at high or low angles, leading to micro-cutting, grooving, or fatigue 

spalling. Cavitation peeling occurs in ultra-high pressure water jet nozzles, where the collapse of 

cavitation bubbles generates instantaneous high-pressure shock waves that trigger surface fatigue 

spalling. High-temperature softening synergistic wear is common in thermal spraying and plasma 

spraying, where the throat's hardness decreases slightly at high temperatures, making particles easier to 

embed and cut. Adhesion-fatigue composite wear occurs in laser cladding powder feeding nozzles, where 

molten or semi-molten powder is briefly adhered and then torn apart by the airflow, leading to repeated 

tensile stress fatigue on the surface. 

 

The wear resistance evaluation standard has formed a complete industrial closed-loop system: the 

laboratory stage uses the improved ASTM G76 gas-solid erosion test, ASTM G134 cavitation test, high-

temperature hardness-erosion composite test, and customized powder adhesion-tear cycle test; the 

industrial verification stage uses the throat diameter increase, the rate of deterioration of the inner wall 

roughness, the rate of increase of the jet divergence angle , and the flow drift rate as the ultimate criteria; 

finally, by combining metallographic analysis, scanning electron microscopy fracture observation and 

three-dimensional contour scanning, a complete mapping relationship from microscopic failure 

mechanism to macroscopic life is established. Only nozzles that pass both laboratory extreme accelerated 

testing and long-term industrial testing are recognized as having true "tungsten alloy-level wear 

resistance". 

 

3.8.2 Material and structural optimization methods to improve wear resistance 

 

Tungsten alloy nozzles has become a systematic engineering project integrating materials, microstructure, 

surface, and structure. 

 

At the materials level, by continuously increasing the tungsten content, optimizing the binder phase ratio, 

introducing cobalt or rare earth elements to strengthen grain boundaries, and generating ultra-hard 

carbide or boride particles in situ, the intrinsic hardness, fatigue resistance, and high-temperature 

softening resistance of the matrix are pushed to their limits in one go. At the microscopic level, by 

controlling the size distribution of tungsten particles, achieving near-continuous tungsten skeleton, and 

eliminating any weak bonding interfaces and micropores, the abrasive particles can only produce very 
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shallow plastic deformation on the outermost layer upon impact, preventing the cutting off of intact 

tungsten particles. 

 

At the surface level, techniques such as boronizing to form a several-micrometer-thick tungsten boride 

hardened layer, PVD/CVD deposition of TiAlN , CrN , DLC or multi-layer composite coatings, laser 

remelting for densification, and plasma electropolishing are employed to further enhance surface 

hardness and reduce the coefficient of friction, while significantly decreasing adhesion tendency and the 

probability of fatigue crack initiation. At the structural level, optimizing the Laval cone angle and the 

length of the expansion section to reduce particle impact angles, designing microtextures on the inner 

wall to guide particle sliding rather than head-on collisions, and setting a stabilizing section before the 

throat to weaken turbulence intensity significantly reduces the actual erosion intensity. 

 

These methods are not used in isolation, but rather combined according to specific wear mechanisms: 

thermal spray nozzles use heavy materials + boronizing + laser remelting; waterjet nozzles use high-

toughness formulations + DLC coating; and powder delivery nozzles use mirror-finish inner walls + low-

friction coatings + microtexture. It is this synergistic optimization across the entire chain, from the atomic 

scale to macroscopic geometry, that has enabled the wear resistance of tungsten alloy nozzles to leap 

from "far exceeding that of traditional materials" to the industrial miracle of "almost no wear." 

 

3.9 Impact resistance of tungsten alloy nozzles 

 

Impact resistance is the most fundamental advantage of tungsten alloy nozzles over ceramics, cemented 

carbide, and pure tungsten. It allows the nozzle to withstand extreme dynamic loads such as instantaneous 

high-speed impacts from hard particles, ultra-high-pressure water hammer impacts, severe thermal shock 

impacts , and accidental overpressure explosion impacts without brittle fragmentation or irreversible 

plastic deformation, thus making it the only throat material that can survive for a long time under the 

most violent and unpredictable working conditions. 

 

3.9.1 Test methods and indicators for impact strength 

 

tungsten alloy nozzles has formed a complete system that combines laboratory accelerated simulation 

with industrial extreme verification. 

 

The laboratory phase primarily employs three core methods: 

 

• High-speed particle erosion impact test: Standard abrasives such as alumina, silicon carbide, 

and garnet are driven by compressed air or helium to repeatedly bombard the nozzle throat and 

inner wall at a controllable angle and speed. The number of critical impacts and energy at which 

visible microcracks or chipping first appear are recorded . 

• Ultra-high pressure water hammer dynamic impact test: instantaneous high pressure shock wave 

is generated by a special pulse water gun to simulate the collapse of cavitation bubbles and 

pressure change, and to detect the threshold of surface fatigue spalling and overall cracking. 
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• flame of more than 1,500 degrees Celsius from room temperature within a few seconds and then 

rapidly cooled with water. This cycle is repeated hundreds of times to assess the microcrack 

propagation and macro fracture tendency caused by thermal shock . 

 

The industrial verification phase uses real-world service performance as the ultimate indicator: whether 

the throat remains intact after thousands of hours of being blasted by supersonic airflow containing hard 

particles; whether the water jet nozzle remains intact after accidental overpressure or frequent start-stop; 

and whether the thermal spray nozzle can continue to be used after extreme thermal shock caused by 

uncontrolled combustion. 

 

3.9.2 The significance of impact resistance for adaptability to complex working conditions 

 

The significance of impact resistance in real and complex working conditions goes far beyond the word 

"durable." It directly determines whether a nozzle can survive in the long term in an industrial 

environment full of uncertainties. 

 

In supersonic flame spraying and cold spraying, the nozzle is subjected to tens of thousands of hard 

particles impacting it head-on or tangentially every second. Ceramic nozzles often shatter into brittle 

fragments within minutes, while cemented carbide nozzles develop fatigue cracks after hundreds of hours. 

However, tungsten alloy nozzles, with their superior impact resistance and fatigue strength, remain as 

clean as new even after thousands of hours, with particle velocity and temperature distribution always 

locked at the optimal window. 

 

In the field of ultra-high pressure water jetting, the local impact stress generated by frequent start-stop, 

pressure change, and instantaneous collapse of cavitation bubbles is extremely high. Traditional material 

nozzles are prone to circumferential cracks and overall rupture. However, tungsten alloy nozzles, with 

their "unbreakable and shockproof" performance, allow operators to work continuously for thousands of 

hours in the harshest marine or nuclear decontamination environments without worrying about sudden 

nozzle failure. 

 

In laser cladding with coaxial powder feeding and high-power plasma spraying, unexpected impacts such 

as combustion runaway, laser reflection, and powder agglomeration explosions occur frequently. 

Tungsten alloy nozzles often absorb all the energy through localized minor plastic deformation, 

ultimately failing in a safe manner of "expanding but not breaking and not splashing," thus buying 

precious repair time for equipment and personnel, while other materials have already turned into 

dangerous fragments. 

 

The most significant aspect lies in its impact resistance, which allows tungsten alloy nozzles to, for the 

first time, incorporate "unpredictability" into their design tolerance. It no longer demands perpetual 

perfection from upstream equipment, but proactively absorbs the most violent unexpected impacts, 

becoming the final safety line and lifespan guarantee for the entire process chain. This impact resistance 

elevates tungsten alloy nozzles from "precision consumables" to "an industrial backbone reliable for life 
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safety." 

 

3.10 Dimensional stability of tungsten alloy nozzles 

 

Dimensional stability is the fundamental prerequisite for tungsten alloy nozzles to consistently deliver 

"design-as-it-is" jet quality. It ensures that the throat diameter, cone angle, and expansion section profile 

remain virtually unchanged across extreme ranges from room temperature to thousands of degrees 

Celsius and from atmospheric pressure to hundreds of megapascals, thus becoming the ultimate 

geometric benchmark for all precision jetting processes. 

 

3.10.1 Dimensional Deformation Laws under Temperature Changes 

 

The tungsten alloy nozzle under rapid temperature changes exhibits near-perfect linearity and an 

extremely low slope. Thanks to tungsten 's ultra-low coefficient of thermal expansion, the synergistic 

constraint of the binder phase, and the rigid framework with near-zero porosity, the axial and radial 

thermal expansion of the nozzle is extremely weak and highly uniform when heated from room 

temperature to above 1500 degrees Celsius, with almost no irreversible deformation. During rapid 

thermal changes, the instantaneous thermal shock only creates a very shallow temperature gradient on 

the outermost layer, while the interior maintains its original dimensions. After prolonged high-

temperature holding and subsequent return to room temperature, the throat geometry completely matches 

the cold-state measurements, without any hysteresis or residual deformation. 

 

3.10.2 Influence of dimensional stability on injection accuracy 

 

Dimensional stability directly locks in all the core parameters of the jet: flow rate, velocity, divergence 

angle, directivity, and batch consistency. In thermal spraying, the unwavering throat diameter and cone 

angle ensure that particle velocity and temperature distribution remain unchanged for thousands of hours, 

maintaining the highest levels of coating density and bonding strength. In ultra-high pressure water jet 

cutting, the constant throat size ensures that the kerf width and surface roughness are perfectly consistent 

from the first cut to the last. In coaxial powder feeding for laser cladding , the perfect geometry of the 

powder path and gas path allows the powder beam focal point to coincide with the laser focal spot at the 

micrometer level, achieving single-pass forming accuracy comparable to forgings. Dimensional stability 

transforms "jet accuracy" from "to be controlled as much as possible" into "an inevitable result," allowing 

process engineers to directly link nozzle life to final product quality for the first time without adding any 

tolerance. 

 

3.11 Radiation resistance of tungsten alloy nozzles 

 

Tungsten alloy nozzles outperform traditional stainless steel, titanium alloys, and nickel-based high-

temperature alloys in high-flux neutron, gamma-ray, alpha, and beta particle radiation environments, 

making them the only throat material that can serve for a long time in the most demanding parts of the 

nuclear industry. 
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3.11.1 Core evaluation indicators of radiation resistance performance 

 

Radiation resistance evaluation focuses on three core indicators: irradiation swelling rate, irradiation 

embrittlement tendency, and mechanical property retention rate. Tungsten alloys, due to their high atomic 

number, dense lattice, and moderate neutron capture cross-section, exhibit extremely low swelling rates 

after irradiation as vacancies and interstitial atoms readily recombine. The optimized binder phase 

exhibits almost no long-range ordered phase transitions, minimizing irradiation embrittlement. High-

temperature irradiation results in minimal decreases in hardness, tensile strength, and impact toughness, 

and in some formulations, even irradiation strengthening occurs. Evaluation methods include long-term 

loading within the reactor, metallographic and mechanical re-measurement after high-flux accelerator 

irradiation, and thermal desorption spectroscopy analysis of helium embrittlement tendency . 

 

3.11.2 Application adaptability in radiation environments such as the nuclear industry 

 

In the most demanding radiation environments of the nuclear industry, tungsten alloy nozzles have 

become an irreplaceable standard. In scenarios such as reactor main pump cleaning, high-pressure jetting 

for nuclear waste treatment, fuel assembly decontamination, isotope production target cooling nozzles, 

and precision atomization in hot chambers, nozzles must simultaneously withstand the combined damage 

of strong neutron irradiation, gamma rays, and high-temperature, high-pressure radioactive media. 

Traditional materials often fail within months due to radiation swelling and cracking, embrittlement, or 

corrosion perforation. However, tungsten alloy nozzles, with their near- zero swelling, extremely low 

embrittlement, and excellent corrosion resistance, can remain geometrically intact and jet-stable for 

several years inside the reactor or hot chamber, ensuring decontamination efficiency and minimizing the 

volume of radioactive waste. In the intense radiation vacuum environments of accelerator target 

chambers, synchrotron radiation source front-ends, and isotope production hot chambers, tungsten alloy 

nozzles, serving as cooling nozzles, beam confinement throats, and vacuum sealing transition 

components, withstand long-term bombardment from high-dose gamma rays and charged particles 

without significant activation or dimensional drift, ensuring beam quality and equipment availability. 

This radiation resistance allows tungsten alloy nozzles to be placed, for the first time, in the most 

vulnerable throat region of the nuclear industry, becoming the sole bridge connecting the two extreme 

demands of "intense radiation" and "precision jetting." 

 

3.12 Surface characteristics of tungsten alloy nozzles 

 

Surface properties are the first interface through which tungsten alloy nozzles come into direct contact 

with high-speed media, particles, and droplets. They determine flow resistance, particle adhesion 

tendency, cavitation initiation threshold, jet divergence angle, and final lifespan, representing the final 

step in transforming the intrinsic advantages of the material into actual process performance. 

 

3.12.1 Characteristics of Surface Roughness and Friction Coefficient 

 

After precision polishing, the inner wall of the tungsten alloy nozzle can easily achieve a mirror-level 
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roughness, with almost no microscopic peaks on the surface for particles or droplets to adhere to, 

exhibiting extremely low dynamic and static friction coefficients. The throat and expansion section are 

like being coated with a natural "super-slippery coating," allowing gas-solid or gas-liquid two-phase 

flows to slide along the wall rather than roll, significantly reducing boundary layer turbulence and flow 

resistance and noise. At the same time, the extremely low coefficient of friction makes hard particles 

more inclined to slide tangentially along the wall rather than vertically embed, significantly reducing the 

rate of micro-cutting and ploughing wear. This "invisible to the light, slippery to the touch" surface 

characteristic makes the tungsten alloy nozzle cleaner, quieter, and more wear-resistant than the inner 

wall of traditional materials under the same working conditions. 

 

3.12.2 The role of surface treatment in improving properties 

 

Surface treatments push the surface properties of tungsten alloy nozzles from "excellent" to "extreme." 

Boronizing forms an extremely hard tungsten boride layer, raising the surface hardness to near diamond 

levels; PVD/CVD deposition of TiAlN , CrN , DLC, or multi-layer nanocomposite coatings further 

reduces the friction coefficient to the super-lubricated range , while providing multiple layers of 

protection against sticking, oxidation, and corrosion; laser remelting and plasma electropolishing 

maintain the toughness of the substrate while densifying the surface and eliminating any microscopic 

defects; microtexturing introduces ordered micro-pits or micro-grooves on a mirror-like surface, actively 

guiding particle slippage and weakening turbulence intensity. These treatments are not simply 

superimposed but combined according to specific operating conditions: heavy boronizing + laser 

remelting for thermal spray nozzles, heavy DLC for waterjet nozzles, and heavy low-friction coating + 

microtexturing for powder delivery nozzles . Surface treatments evolve the inner wall of tungsten alloy 

nozzles from "naturally smooth" to "artificially perfect," increasing lifespan and jet quality by another 

order of magnitude. 

 

3.13 Fatigue resistance of tungsten alloy nozzles 

 

Fatigue resistance is the fundamental guarantee that tungsten alloy nozzles remain undamaged after tens 

of thousands of thermal cycles, millions of pressure pulses, and hundreds of millions of particle impacts. 

For the first time, it allows nozzles to completely eliminate fatigue as a primary cause of failure. 

 

3.13.1 Test methods and influencing factors for fatigue life 

 

Fatigue life testing has established a dual-track verification system combining accelerated laboratory 

testing and long-cycle industrial testing. The laboratory employs a pneumatic pulse fatigue machine to 

simulate ultra-high pressure start-up and shutdown, a thermal shock fatigue machine to achieve second-

level hot and cold cycles, an ultrasonic fatigue machine to assess particle impact fatigue at extremely 

high frequencies, and a servo hydraulic press to perform tension-compression-torsional composite 

fatigue. Influencing factors are systematically decomposed into material-level factors (tungsten particle 

size and distribution, binder phase toughness, interfacial bonding strength), surface-level factors (residual 

compressive stress, coating compatibility), and structural-level factors. 
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3.13.2 Fatigue resistance performance under alternating load conditions 

 

In real-world alternating load conditions, tungsten alloy nozzles exhibit near-fearsome fatigue resistance. 

Under the millions of pressure pulses generated by the frequent start-stop cycles of ultra-high-pressure 

water jets, traditional materials would have already suffered fatigue cracking, while the throat of the 

tungsten alloy nozzle remained intact. During thousands of daily ignition-shutdown cycles of thermal 

spray guns, other materials developed thermal fatigue network cracks, but the surface of the tungsten 

alloy nozzle remained smooth. In laser cladding coaxial powder feeding nozzles, which endured 

explosive impacts from powder agglomeration during prolonged continuous operation, ordinary nozzles 

showed fatigue spalling, while the inner wall of the tungsten alloy nozzle remained as good as new after 

thousands of hours. 

 

3.14 MSDS of Tungsten Alloy Nozzles from CTIA GROUP LTD 

 

The Safety Data Sheet (MSDS) for tungsten alloy nozzles from CTIA GROUP LTD is a standardized 

chemical safety document developed by the company for its high-density tungsten-based nozzle products. 

It aims to provide comprehensive and reliable risk identification and protection guidance throughout the 

entire lifecycle, from raw material procurement, production and processing, equipment installation to 

field application, maintenance, and final disposal. As a leading global supplier of tungsten materials , 

CTIA GROUP LTD 's MSDS strictly adheres to the requirements of the United Nations Globally 

Harmonized System of Classification and Labelling of Chemicals (GHS) and the Chinese National 

Standard GB/T 16483. It covers core modules such as substance identification, physical and chemical 

properties, stability and reactivity, toxicological information, ecotoxicological effects, disposal, 

transportation information, and regulatory and liability statements, ensuring users achieve zero-accident 

and zero-pollution operations in industrial spraying, cleaning, cutting, and atomization processes. 

 

The material identification module first clarifies the chemical composition of the tungsten alloy nozzle: 

primarily tungsten (CAS 7440-33-7), supplemented with nickel (CAS 7440-02-0), iron (CAS 7439-89-

6), or copper (CAS 7440-50-8), forming a high-density metallic composite with a typical silver-gray 

metallic luster.  

 

The physical and chemical properties module describes the tungsten alloy nozzle as a high-melting-point, 

high-temperature resistant metallic composite with extremely low solubility, insoluble in water, but 

soluble in aqua regia or hot concentrated sulfuric acid.  

 

The stability section indicates that the nozzle is highly stable at room temperature , but surface oxidation 

may occur at high temperatures; therefore, it is recommended to store it in a dry, well-ventilated place 

and avoid direct contact with strong acids and alkalis. The transportation information classifies the 

tungsten alloy nozzle as non-dangerous goods and allows it to be transported as ordinary metal products. 

The regulatory information lists the REACH and RoHS compliance declarations , as well as compliance 

with Chinese GB 30000 series standards. 

  

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


 

 
COPYRIGHT AND LEGAL LIABILITY STATEMENT 

 

Copyright© 2024 CTIA All Rights Reserved                                                               电话/TEL：0086 592 512 9696  
标准文件版本号 CTIAQCD-MA-E/P 2024版                                                            CTIAQCD-MA-E/P 2018-2024V 

www.ctia.com.cn                                                                                         sales@chinatungsten.com 
第 57 页 共 107 页 

Chapter 4 Manufacturing of Tungsten Alloy Nozzles 

 

4.1 Raw material preparation process for tungsten alloy nozzles: from tungsten ore to alloy powder 

 

Tungsten alloy nozzles begin with the purity and microscopic perfection of the powder. Leading 

companies have fully vertically integrated the entire raw material chain, achieving closed-loop control 

from ore mining to the final composite powder output. Any tiny fluctuation in any process will be 

amplified infinitely in the subsequent thousands of hours of extreme operating conditions. 

 

4.1.1 Tungsten ore pretreatment: beneficiation and purification processes  

 

Tungsten ore pretreatment uses wolframite and scheelite as raw materials, and transforms the original 

low-grade ore into high-grade concentrate through gravity separation, flotation, magnetic separation, and 

multi-stage combined processes. The core objective is to deeply remove harmful impurities such as 

phosphorus, arsenic, molybdenum , tin, and silicon. Chemical purification methods such as high-

temperature and high-pressure alkaline boiling, hydrochloric acid preferential decomposition, or multi-

stage solvent extraction are used to reduce the impurity content to trace levels, ultimately obtaining an 

ultra-pure tungstate precursor that can be directly used in the production of nozzle-grade tungsten powder, 

laying a purity foundation for subsequent reduction and alloying. 

 

4.1.2 Tungsten Powder Preparation: Reduction Process and Particle Size Control 

 

Tungsten powder preparation employs a classic multi-stage hydrogen reduction process, using high-

purity ammonium paratungstate or tungsten oxide as starting materials. By precisely controlling the 

reduction temperature zones, hydrogen flow patterns, boat propulsion speed, and furnace atmosphere, a 

complete transformation from coarse oxide to ultrafine tungsten powder is achieved. Particle size control 

is crucial: through a combination of medium-temperature, long-cycle primary reduction and low-

temperature fine reduction, airflow classification, and ultrasonic sieving, the tungsten powder achieves 

a near-ideal spherical morphology, extremely narrow particle size distribution, and a clean, agglomerated 

surface, providing optimal initial particles for subsequent alloying and high-density molding. 

 

4.1.3 Alloying Treatment: Key Points of Doping and Mixing Processes 

 

Alloying is the watershed moment that determines the final performance of the nozzle. Nickel, iron, 

copper , or their pre-alloyed powders are precisely weighed according to the target ratio and then fed 

together with tungsten powder into a high-energy ball mill or a three-dimensional high-efficiency mixing 

system. A composite process of wet mixing , vacuum drying, and secondary reduction under a protective 

atmosphere is used to ensure that the binder phase uniformly coats the tungsten particles at the atomic 

level, while preventing any oxidation and carbon contamination. Special proportions are introduced at 

this stage to introduce micro-alloying elements such as molybdenum , rhenium, cobalt, and rare earth 

elements. Through ultra-long-cycle low-speed mixing and multiple turnings, a completely uniform solid 

solution or dispersion distribution is achieved, laying the foundation for the formation of a perfect 
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microstructure in subsequent sintering. 

 

4.1.4 Powder performance control: optimization of flowability and bulk density 

 

Powder flowability and loose packing density directly determine the density uniformity and final 

sintering density of the formed green body . Through multiple methods such as spray granulation, surface 

micro-coating, particle spheroidization, vacuum degassing, and low-temperature annealing, the company 

achieves a highly spherical composite powder with no satellite spheres and no internal voids, locking the 

Hall flow rate and loose packing density within the optimal range, making batch-to-batch deviations 

virtually undetectable. This powder characteristic of "flowing like a liquid and filling like a solid" allows 

subsequent cold isostatic pressing and precision molding to easily achieve green bodies with zero density 

gradient and zero internal defects. 

 

4.2 Forming process of tungsten alloy nozzles: blank forming technology and selection 

 

The preform forming process is the first "finalization" step in the manufacturing of tungsten alloy nozzles, 

determining whether subsequent sintering and finishing can truly approach the theoretical density and 

zero-defect state. Leading companies have formed a complete technology matrix with traditional 

molding, isostatic pressing, and additive manufacturing as the three pillars , and have established a clear 

process selection logic based on nozzle size, structural complexity, aspect ratio, batch size, and cost 

tolerance to ensure that each nozzle adopts the most suitable and economical forming path. 

 

4.2.1 Traditional Compression Molding: Compression Process and Parameter Control 

 

Traditional molding is mainly used for small-to-medium-sized, relatively simple straight-hole nozzles 

and short Laval nozzles. It utilizes high-precision carbide molds and replaceable mandrels, achieving 

unidirectional or bidirectional molding on hydraulic or servo presses. The core advantages lie in precise 

control of the pressing pressure gradient, scientific selection of lubricating release agents, ensuring 

uniform powder filling , and optimizing parameters throughout the pressing-holding-unloading cycle. 

This results in a preform free of delamination, end cracks, and density dead zones after demolding. 

Molding technology is mature, mold costs are low, and cycle time is fast, making it the preferred 

economic solution for producing hundreds of thousands of conventional nozzles annually. 

 

4.2.2 Precision forming technology: Advantages of isostatic pressing process 

 

Isostatic pressing (primarily cold isostatic pressing (CIP) and secondarily hot isostatic pressing (HIP)) 

has become the dominant forming technology for high-end tungsten alloy nozzles. Cold isostatic pressing 

uses liquid as the pressure transmission medium, achieving true 360° omnidirectional uniform pressure, 

easily exceeding a length-to-diameter ratio of forty times, and completely eliminating the density 

gradient and internal stress inherent in molding. Hot isostatic pressing, on the other hand, simultaneously 

completes sintering and densification in a high-temperature, high-pressure, inert atmosphere, directly 

outputting a near-theoretical density preform with almost no need for subsequent machining to remove 
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sintering deformation. The isostatic pressing process ensures that the nozzle preform possesses perfect 

qualities of "zero porosity, zero stress, and zero geometric deviation" from the outset, making it the only 

reliable path for ultra-long Laval nozzles, complex internal flow channel nozzles, and ultra-high-

performance nozzles. 

 

4.2.3 Additive Manufacturing Technology: Exploration of 3D Printing Applications 

 

Selective laser melting (SLM), selective electron beam melting (EBM), and binder jetting (with 

debinding and sintering) are rapidly breaking through the geometric limits of tungsten alloy nozzles. 

SLM can print integral nozzles with spiral cooling channels, variable cross-section expansion sections, 

integrated flow-stabilizing grids, and even multi-throat arrays in a single process, completely eliminating 

the physical limitations of traditional mandrel extraction and deep-hole machining. Binder jetting, on the 

other hand, achieves near-net-shape forming of large-size complex nozzles at a lower cost . Currently, 

additive manufacturing has achieved stable mass production in the fields of small-batch personalized 

nozzles, rapid functional verification prototypes, and aerospace-grade ultra-complex cooling nozzles, 

and is expected to fully replace traditional processes in the fields of functionally graded nozzles and 

integrated spray guns in the future. 

 

4.2.4 Molding process selection: based on nozzle specifications and batch requirements 

 

A clear selection decision tree has been established in industrial practice: 

 

• Mass production, conventional straight-hole or short Laval nozzles → Traditional molding + 

machining 

• Large-volume, ultra-long, or high-precision Laval nozzles → Cold isostatic pressing + minor 

finishing 

• Small to medium batch production, complex internal flow channels, or integrated cooling 

structures → Cold isostatic pressing + hot isostatic pressing net forming 

• Ultra-small batch, extremely complex geometry, or rapid iterative prototyping → SLM or 

Binder Jetting 

• Extremely high density + complex geometry requirements → Hot isostatic pressing or SLM + 

hot isostatic pressing post-processing 

 

This matrix-style selection logic maximizes the economic and technological advantages of each process 

while ensuring that, regardless of batch size or structural complexity, the nozzle blank can achieve the 

theoretical density and geometric true value through the optimal path. This truly achieves a new 

manufacturing paradigm of "no quality reduction in mass production and no price increase in 

personalized customization."  

 

4.3 Sintering process of tungsten alloy nozzles: core technology for densification 

 

Sintering is the decisive stage in transforming tungsten alloy nozzles from loose powder blanks into near-
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theoretical density functional bodies. It is also the most technically challenging and potentially disastrous 

process node in the entire manufacturing chain. Once porosity remains, the microstructure is uneven, or 

cracking and deformation occur, the erosion resistance and dimensional stability of the entire nozzle will 

completely collapse. Leading companies have elevated the sintering process to a level of "perfect 

combination of art and science," ensuring that the density, microstructure, and performance of each 

nozzle fully reach the theoretical limits after sintering through pre-firing, high-temperature sintering, in-

depth control of densification mechanisms, and zero-tolerance defect management. 

 

4.3.1 Pre-firing treatment: Degreasing and stress relief process 

 

Pre-firing is the unseen guardian of successful sintering, primarily ensuring the complete removal of 

granulating agents and molding aids, the full release of pressing stress and residual stress in the mixture, 

and the initial bonding of tungsten particles. The process is carried out in a continuous or segmented 

hydrogen furnace, employing an extremely slow, multi-stage heating curve. First, organic matter is 

pyrolyzed and volatilized in the low-temperature zone; then, hydrogen reduction removes the surface 

oxide film in the medium-temperature zone; and finally, preliminary neck bonding and stress relaxation 

are achieved at a higher temperature. The entire process requires precise control of the hydrogen dew 

point, furnace flow uniformity, and boat loading method to avoid any residual carbon, localized over-

firing, or stress concentration, providing an absolutely clean and stress-free ideal green body for 

subsequent liquid-phase sintering. 

 

4.3.2 High-Temperature Sintering: Key Parameters for Temperature and Atmosphere Control 

 

High-temperature sintering is the core process for densifying tungsten alloy nozzles, typically using a 

vertical or horizontal sintering furnace with a vacuum- hydrogen dual atmosphere . The process is 

primarily driven by the complete liquefaction of the binder phase, tungsten particle rearrangement, and 

dissolution-re-precipitation. Precise heating-holding-cooling curves ensure the liquid phase fully wets 

the tungsten framework and fills all pores. Temperature control employs multi-zone independent heating 

and closed-loop infrared thermography feedback to ensure minimal temperature differences at any point 

in the furnace. Atmosphere control involves thorough degassing during the vacuum stage, followed by 

the introduction of high-purity wet hydrogen and then conversion to dry hydrogen, achieving deep 

removal of residual oxygen and carbon. The entire sintering cycle lasts for tens of hours; any temperature 

overshoot or atmosphere fluctuation is considered a catastrophic loss of control. 

 

4.3.3 Sintering densification mechanism: porosity control and performance correlation 

 

Tungsten alloy nozzles follows a typical three-stage liquid-phase sintering mechanism: the particle 

rearrangement stage relies on liquid-phase capillary forces to achieve rapid densification; the dissolution-

re-precipitation stage completes the final pore closure through the engulfment of smaller particles by 

larger particles and the dissolution and precipitation of tungsten in the binder phase; and the solid-state 

diffusion stage further eliminates residual intragranular micropores . The final performance is highly 

correlated with the porosity: spherical closed pores are extremely rare and small in size, having almost 
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no impact on strength and wear resistance, while any interconnected pores or grain boundary pores 

become the fatal starting point for erosion and cavitation. Therefore, companies use methods such as 

extending high-temperature insulation, optimizing the amount of binder phase, and microalloying to 

suppress abnormal growth to suppress porosity below the detection limit, enabling the nozzles to fully 

realize their "theoretical density, theoretical hardness, and theoretical lifespan." 

 

4.3.4 Prevention of sintering defects: measures to control cracking and deformation 

 

Sintering defects (cracking, deformation, bubbling, segregation) are the biggest killers in nozzle 

manufacturing. Preventive measures have formed a systematic closed loop: 100% weighing and visual 

inspection of the billet before loading into the furnace to eliminate any hidden cracks and density 

abnormalities; the furnace uses a special molybdenum boat or graphite pad combined with tungsten 

particle support to completely eliminate adhesion and localized stress; the heating and cooling rates are 

strictly controlled in stages, especially in the solidification zone of the binder phase, using extremely 

slow cooling to avoid the superposition of thermal stress and phase transformation stress; during the 

holding stage, multi-point infrared real-time monitoring is used, and immediate intervention is given if 

localized overheating is detected; after exiting the furnace, each nozzle undergoes fluorescence 

penetration and three-coordinate morphology inspection, and any suspected deformation or micro-cracks 

are directly returned to the furnace for re-firing or scrapped. This zero-tolerance attitude of "rather waste 

a billet than let a single defect go unchecked" ensures the absolute reliability of the nozzles exiting the 

furnace and has forged the industrial myth of tungsten alloy nozzles being "finished products upon 

sintering." The ultimate control of the sintering process has become the most insurmountable moat 

between leading companies and ordinary suppliers. 

 

4.4 Post-processing technology for tungsten alloy nozzles: improving precision and performance 

 

Post-processing is the final sprint for tungsten alloy nozzles to go from "approaching theoretical density" 

to "true theoretical performance," and it is also the key stage in transforming the sintered billet into a 

precision functional body that can be directly installed in the machine and immediately achieve the 

highest jet quality. It encompasses precision machining, surface strengthening, final dimensional 

calibration, and ultimate cleanliness assurance. Any mistake in any process will render all previous 

efforts futile. Leading companies have elevated post-processing to a level of process commitment 

characterized by "zero tolerance at the micron level and pursuit of perfection at the nanometer level." 

 

4.4.1 Precision Machining: Flow Channel and End Face Machining Technology 

 

Precision machining is the ultimate realization of nozzle geometry. The Laval flow channel, with its 

extremely high length-to-diameter ratio, employs multi-stage diamond honing combined with ultrasonic 

deep-hole machining. First, high-rigidity carbide guides ensure coaxiality, then progressive honing 

achieves perfect throat roundness and cylindricity. Complex conical surfaces and expansion sections are 

initially shaped by five-axis wire EDM, followed by CNC profile grinding and closed-loop finishing 

using an optical profilometer. The end faces and outer diameters are then achieved through ultra-precision 
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turning and centerless grinding, resulting in sub-micron level end face runout and outer diameter 

roundness. The entire machining process is conducted in a temperature- and humidity-controlled 

cleanroom, with all tools and fixtures made of Invar steel or ceramic with extremely low coefficients of 

thermal expansion, ensuring complete consistency between cold-processed dimensions and high-

temperature service dimensions. 

 

4.4.2 Surface treatment processes: polishing and coating enhancement technologies 

 

Surface treatment elevates the nozzle inner wall from "smooth" to a state of "both ultra-smooth and ultra-

hard." A triple process of flow polishing, magnetorheological polishing, and plasma electrolytic polishing 

easily achieves mirror-like or even optical-grade roughness, completely eliminating any microscopic 

scratches and adhesion points. Subsequently, depending on the operating conditions, boron infiltration is 

used to form an ultra-hard tungsten boride layer, or PVD/CVD deposition of TiAlN , CrN , DLC, or 

multi-layer nanocomposite coatings are applied to further enhance surface hardness, reduce the 

coefficient of friction, and maximize anti- adhesion and anti-corrosion capabilities. The adhesion 

between the coating and the substrate is rigorously verified through cross-cutting, indentation , and 

thermal shock cycling to ensure that the coating does not peel or crack after thousands of hours of erosion. 

Surface treatment makes the nozzle inner wall the ultimate interface where "particles are unwilling to 

stop, droplets are unwilling to linger, and corrosion has no way to begin." 

 

4.4.3 Dimensional Calibration: Precision Measurement and Correction Process 

 

Dimensional calibration is the final, crucial step in nozzle calibration. Each nozzle undergoes three full-

size, high-precision measurements before leaving the factory: a pneumatic gauge measures the throat 

diameter and roundness; a white light interferometer scans the conical surface profile; and a coordinate 

measuring machine verifies coaxiality and end-face runout. All data generates a unique digital 

identification number. Any dimension exceeding tolerance immediately enters a correction process: the 

throat micro-expansion uses diamond single-point grinding; conical surface deviations are corrected 

using CNC optical forming grinding; and end-face runout is corrected using ultra-precision turning with 

secondary tool setting. 

 

4.4.4 Finished Product Cleaning and Drying: Impurity Removal Process Specifications 

 

Finished product cleaning and drying are the final safeguards for nozzle cleanliness. A multi-stage 

ultrasonic + high-pressure spray + vacuum distillation pure water circulation cleaning system is 

employed . First, a specialized neutral cleaning agent removes processing oil and metal shavings. Then, 

deionized water and isopropanol are used for alternating rinsing. Finally, multi-stage vacuum drying and 

nitrogen purging are performed in a Class 100 cleanroom to ensure that there are no residual particles, 

oil films, or water stains on the inner flow channels and outer surfaces. After exiting the drying chamber, 

the nozzle is immediately vacuum- sealed and protected with high-purity nitrogen until the user opens 

the package. The entire cleaning and drying process includes complete particle counting, surface tension 

testing, and residual ion detection. This extremely rigorous post-processing transforms the tungsten alloy 
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nozzle from a sintered blank into a precision instrument- level functional component that directly 

determines the quality of the final product , thus solidifying its important position in the global high-end 

manufacturing chain . 

 

4.5 Quality Control of Raw Material Stage for Tungsten Alloy Nozzles 

 

Raw material quality control is the first line of defense for ensuring tungsten alloy nozzles remain intact 

for thousands of hours and drift-free for tens of thousands of hours. Any impurities at the ppm level, 

particle size deviations at the micron level, or even one percent of compositional inhomogeneity can be 

amplified into catastrophic failures under subsequent extreme operating conditions. Leading companies 

have upgraded powder testing from "sampling" to a zero-tolerance system covering the entire process, 

all batches, all elements, and all performance aspects. 

 

4.5.1 Tungsten powder purity testing 

 

Tungsten powder purity testing employs a multi-method cross-validation and full-element coverage 

strategy. Each batch of tungsten powder must simultaneously undergo glow discharge mass spectrometry 

(GDMS), inductively coupled plasma mass spectrometry (ICP-MS), inert gas melting infrared-thermal 

conductivity method, and combustion-infrared absorption method to systematically screen for more than 

thirty key impurities, including oxygen, carbon, nitrogen, sulfur, phosphorus, molybdenum, iron, nickel, 

cobalt, and alkali metals. Sampling is taken from three points along the front and rear of the reduction 

furnace boat to ensure consistent purity across the entire batch. If any impurity exceeds the standard, the 

entire batch of tungsten powder is immediately sealed and traced back to the reduction furnace number 

and tungsten oxide batch. Only after all test reports show that the tungsten powder is far superior to the 

nozzle-level internal control standards is it allowed to enter the alloying stage. 

 

4.5.2 Test Procedure for Uniformity of Alloy Powder Composition 

 

The uniformity of alloy powder composition is crucial in determining the batch consistency of final 

microstructure and properties. The testing scheme employs a three-tiered closed-loop approach: 

macroscopic analysis, microscopic analysis, and statistical analysis. 

 

• are taken from the beginning and end of each batch of powder from the mixing tank , and the 

contents of major and minor elements such as nickel, iron, copper, molybdenum , and rare earth 

are determined by ICP-OES and X-ray fluorescence spectrometry (XRF). The deviation must 

be within an extremely narrow control window. 

• Micro-area level: Scanning electron microscopy + energy dispersive spectroscopy and electron 

probe microanalysis (EPMA) are used to examine the integrity of the binder phase coating and 

the uniformity of elemental distribution on the surface of tungsten particles layer by layer, 

eliminating any local segregation or exposed tungsten areas. 

• At the statistical level: Laser particle size and image analysis software automatically count 

thousands of composite particles to ensure a high degree of consistency in the coverage and 
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thickness distribution of the binder phase. Only when all three layers of testing pass and a unique 

batch composition uniformity report is generated is the powder released. This almost obsessive 

uniformity control ensures that the nozzle performance curves of different batches and different 

work groups produced with the same formula almost completely overlap. 

 

4.5.3 Testing of Powder Physical Properties 

 

The physical properties of the powder directly determine the repeatability of molding and sintering; each 

batch must undergo a full set of standardized tests. 

 

• Particle size and morphology: Laser diffraction particle size analyzer combined with scanning 

electron microscopy image analysis ensures that the Fisher particle size, particle size 

distribution width and sphericity are strictly controlled. 

• Flowability and loose density : The results of the three methods , including Hall flow meter, 

Scott volume meter and rotary drum method , must be highly consistent. 

• Specific surface area and tap density: BET nitrogen adsorption method and tap density meter to 

verify powder activity and filling capacity. 

• Compressibility and Granulation Strength: Dedicated compaction tests determine the density 

response of powder and the strength of the green body under molding pressure. All testing 

equipment is regularly traceable to national standards, and the testing environment is under 

constant temperature and humidity, with samples protected by nitrogen throughout the process. 

Test data is automatically uploaded to batch quality files, forming a complete traceability chain 

with subsequent green bodies, sintered bodies, and finished product performance. Only powders 

whose physical properties all fall within the optimal process window are marked as "nozzle-

grade qualified powder" and approved to enter the molding process. The extremely stringent 

quality control at the raw material stage ensures that tungsten alloy nozzles are completely free 

from "randomness," "fluctuations," and "accidental failures" from the very first gram of powder. 

 

4.6 Quality Control of Tungsten Alloy Nozzles During Forming and Sintering Stages 

 

The forming and sintering stages are the crucial transformation period for tungsten alloy nozzles, 

transforming them from loose powder into truly high-performance functional components. This is also 

the most vulnerable window for issues such as density gradients, residual porosity, microstructure 

segregation, and cracking/deformation. Leading companies have established a comprehensive, traceable, 

and zero-tolerance quality control system. Each billet and each sintered batch has an independent digital 

file. Any anomaly detected immediately triggers a production line stoppage, sealing, root cause analysis, 

and comprehensive preventative improvements to ensure zero batch-to-batch deviation in density, 

microstructure, and performance of the final nozzles leaving the factory . 

 

4.6.1 Methods for testing the density and compactness of the billet 

 

The density and compactness of the billet are the absolute core indicators of molding quality, directly 
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determining whether subsequent sintering can reach the theoretical density limit. The testing employs a 

rigorous scheme of "multi-method cross-validation + full-coverage sampling." Each batch of billets is 

weighed and its apparent density calculated immediately after demolding or isostatic pressing. 

Simultaneously, thin slices are taken from the beginning, middle, and end of each batch for precise re-

measurement using the Archimedes' displacement method. Long billets are additionally sliced into five 

sections along the axial direction to ensure no density dead zones or compression delamination. For 

isostatically pressed billets, industrial CT and ultrasonic non-destructive scanning are also introduced to 

generate a complete three-dimensional density cloud map, highlighting any density troughs or locally 

loose areas. Metallographic samples are taken from the critical throat and flow channel sections, and 

image analysis software is used to statistically analyze the distribution of compressed particle gaps and 

the preliminary neck connection status. Only when the apparent density, displacement density, and CT 

density completely match and all fall within the extremely narrow window of the theoretical value are 

the billets marked as "sintering qualified billets" and approved for entry into the pre-firing furnace. Any 

green body with a density that is too low or uneven is traced back to the powder batch, pressing 

parameters, and operator, and is never allowed to pass. This obsessive control over the density of the 

green body ensures that subsequent sintering starts at the most favorable position for theoretical density 

from the very beginning. 

 

4.6.2 Composition and Microstructure Analysis of Sintered Body 

 

The composition and microstructure of the sintered body are the microscopic foundation of the nozzle's 

final performance; any segregation, anomalous phases, or residual porosity are considered catastrophic 

defects. The analysis employs a three-tiered closed-loop approach: macroscopic quantitative analysis, 

micro-area qualitative analysis, and statistical verification. Three complete nozzles from each furnace's 

sintering process (first, middle , and last) are taken. X-ray fluorescence spectrometry and ICP chemical 

analysis are used to verify the consistency of major and minor element contents with the formulation. 

Subsequently, metallographic samples are taken from four key areas: the throat, cone surface, expansion 

section, and outer wall. After precise mounting, grinding, polishing, and selective etching, the 

metallographic samples are systematically observed under a high-magnification optical microscope and 

scanning electron microscope to determine the morphology of tungsten particles, the distribution of the 

binder phase, grain boundary cleanliness, pore morphology, and the precipitation of the second phase. 

Energy dispersive spectroscopy (EDS) and electron probe microanalysis are used to further plot the 

distribution of elements such as nickel, iron, copper, and molybdenum, ensuring the absence of any 

localized segregation or enrichment areas. For special formulations, transmission electron microscopy is 

used to observe grain boundary precipitates and dislocation configurations to confirm whether the 

microalloying elements form the expected dispersion strengthening. All images and spectra were 

interpreted one by one by professional metallographic engineers, who issued detailed reports. Only 

sintered bodies with a continuous tungsten skeleton, uniform coating of the binder phase, completely 

closed pores, and no abnormal phases were judged to have a qualified microstructure. This near- 

scientific research-grade microscopic analysis allowed the nozzle's microstructure to truly achieve 

"theoretical structure, theoretical performance, and zero defects." 
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4.6.3 Sampling and Testing Specifications for Mechanical Properties of Sintered Bodies 

 

Sampling and testing of the mechanical properties of sintered bodies is the final checkpoint for quality 

release during the forming-sintering stage. The standard employs a dynamic sampling strategy of "full 

testing of all items at the beginning, middle, and end of the furnace + random additional sampling + 

doubling of sampling for anomalies." For each furnace, the first, middle, and last complete nozzles are 

sampled, and standard tensile, impact, hardness, and fracture toughness specimens are cut above the 

throat for room temperature and high temperature mechanical property testing. Additional nozzles are 

randomly selected for complete retesting; any performance fluctuations are immediately doubled until 

the entire furnace is inspected. Hardness is measured at multiple points on the throat, inner wall, and 

outer wall using both Vickers and Rockwell methods to create a complete hardness gradient map. Tensile 

specimens focus on assessing the balance between tensile strength and elongation; impact specimens 

assess low-temperature and high-temperature toughness; and fracture toughness specimens specifically 

assess crack propagation resistance. All fracture surfaces are analyzed by 100% scanning electron 

microscopy to confirm that the fracture mode is entirely the expected characteristics of dimples and 

quasi-cleavage, eliminating any brittle intergranular or porosity- induced fracture. Mechanical property 

data, along with corresponding powder batch, green body density, and microstructure reports, form a 

complete closed-loop archive. Only sintered bodies with all performance indicators consistently falling 

within the optimal range and exhibiting extremely high batch-to-batch overlap are allowed to proceed to 

the post-processing stage. Any deviation in performance immediately triggers furnace shutdown, sealing, 

full-chain traceability, and preventative improvements until the problem is completely eradicated. This 

"zero-tolerance" sampling standard for mechanical properties has enabled the tungsten alloy nozzle 

forming and sintering stages to truly achieve the industrial miracle of "every furnace as if it were the first, 

every nozzle as if it were a sample nozzle." 

 

4.8 Quality Control System and Standards for Tungsten Alloy Nozzles 

 

Tungsten alloy nozzles has long surpassed the traditional manufacturing model of "sampling inspection 

+ recording," evolving into an industrial-grade quality management system that covers the entire 

lifecycle, eliminates defects, allows for real-time auditing, and provides legal accountability. Leading 

companies assign a unique digital ID to every gram of powder, every billet, every sintered body, every 

process, and every finished nozzle, building a complete quality chain that can be accurately traced from 

the time tungsten concentrate enters the plant to tens of thousands of hours after installation by the user. 

 

4.8.1 Establishment of a full-process quality traceability system for tungsten alloy nozzles 

 

The end-to-end quality traceability system, centered on an industrial internet platform, integrates MES, 

ERP, LIMS, and blockchain technologies to achieve 100% data closure from raw materials to finished 

products and finally to the user's site. Each batch of tungsten powder entering the factory generates a 

unique master batch number, which is then broken down into sub-batch numbers, billet numbers, 

sintering furnace numbers, processing work order numbers, finished product serial numbers, and finally, 

a QR code laser-marked on the outer wall of the nozzle. All key parameters (composition, density, 
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hardness, dimensions, microstructure, mechanical properties, surface roughness) are uploaded to the 

cloud in real time and permanently bound to the corresponding batch number , forming an unalterable 

digital archive. Users can simply scan the nozzle's QR code to instantly access the nozzle's complete 

"birth certificate" and "growth record" from ore to factory, and even see its service hours and maintenance 

records at the user's site. In case of any anomalies, the system can trace back to the specific furnace 

number, operator, equipment, ambient temperature and humidity, and even the atmospheric pressure of 

the day within seconds, ensuring clear responsibility and precise improvements. This end-to-end, 

visualized, and traceable system enables tungsten alloy nozzles to truly achieve the ultimate quality 

standard of "zero hidden dangers, zero shirking of responsibility, and zero regrets." 

 

4.8.2 Setting of Key Quality Control Points 

 

Critical quality control points (CCPs) are ranked according to failure mode and effects analysis (FMEA) 

risk, with more than ten insurmountable thresholds: tungsten powder purity and alloy powder uniformity 

in the raw material stage; billet density uniformity in the forming stage; residual carbon and stress release 

in the pre-sintering stage; maximum temperature and atmosphere dew point in the sintering stage; throat 

diameter and inner wall roughness in the post-processing stage; coating adhesion in the surface treatment 

stage; final dimensional calibration and cleanliness; and 100% airtightness and jet performance 

verification of the finished product. Each control point is equipped with dual protection: online real-time 

monitoring and offline precision retesting. Any deviation from the set window immediately triggers an 

automatic alarm, locks the machine, isolates non-conforming products, and mandates 8D root cause 

analysis and preventative measures. CCP data is generated into a visualized quality dashboard daily, 

reviewed by senior management and the technical team at daily morning meetings . Any trend drift 

immediately halts production for improvement. 

 

4.8.3 Industry quality standards and compliance requirements 

 

Tungsten alloy nozzles have established a dual compliance system: international standards serve as the 

baseline, while internal control standards are significantly stricter than national standards. Externally, the 

company rigorously adheres to certifications such as ISO 9001, IATF 16949, AS9100, ISO 13485 

(medical grade), and NADCAP (for thermal spraying). Key processes meet AMS, ASTM, and DIN 

specifications for tungsten alloy materials and nozzles. Surface coatings comply with RoHS, REACH, 

and ELV environmental regulations, and cleanliness meets ISO 14644 Class 100 requirements. Internally, 

the company implements the "China Tungsten Intelligent Manufacturing Nozzle-Level Internal Control 

Specification," which far exceeds international standards. Over thirty indicators, including density, 

hardness, dimensional tolerances, surface roughness, mechanical properties, and microstructure, are all 

several to dozens of times stricter than international standards, truly embodying the principle that 

"international standards are the passing grade, but corporate standards are the lifeline." The company 

undergoes annual on-site inspections by authoritative third-party organizations and key clients, with all 

records permanently maintained, and is ready to accept on-site audits from any client worldwide at any 

time. This dual internal and external quality standards and compliance system, far exceeding the industry 

average , makes tungsten alloy nozzles not only the king of process performance, but also the most 

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


 

 
COPYRIGHT AND LEGAL LIABILITY STATEMENT 

 

Copyright© 2024 CTIA All Rights Reserved                                                               电话/TEL：0086 592 512 9696  
标准文件版本号 CTIAQCD-MA-E/P 2024版                                                            CTIAQCD-MA-E/P 2018-2024V 

www.ctia.com.cn                                                                                         sales@chinatungsten.com 
第 68 页 共 107 页 

reliable, predictable, and trustworthy key component in the global high-end manufacturing chain. The 

extremely stringent quality control system and standards have forged its ultimate reputation of 

"consistent quality across thousands of batches and worry-free production," and have also built a true 

moat that ordinary suppliers can never cross. 

 

 

 

 

CTIA GROUP LTD tungsten alloy nozzles 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

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

production with 30 years of experience. 

 

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

mature technology. 

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

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

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

performance. 

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

100,000+ customers 

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

sports and entertainment and other fields. 

Service commitment 

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

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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Chapter 5 Comparison of Tungsten Alloy Nozzles with Nozzles Made of Other Materials 

 

5.1 Comparison of Tungsten Alloy Nozzles and Stainless Steel Nozzles 

 

Stainless steel nozzles (typically 316L, 17-4PH, 440C, etc.) have long dominated the industrial cleaning, 

general thermal spraying, and low-to-medium pressure waterjet markets. However, with the continuous 

increase in operating temperature, pressure, abrasive hardness, and cleanliness requirements, their 

performance ceiling has been completely broken by tungsten alloy nozzles. The two have moved from 

being "substitutable" to being "completely stratified by operating conditions," with tungsten alloy nozzles 

firmly occupying the high-end and extreme fields, while stainless steel nozzles have retreated to the low-

end and mild operating conditions. 

 

5.1.1 Comparison of high temperature resistance: temperature tolerance range and stability 

 

Stainless steel nozzles begin to soften and oxidize significantly above 600 degrees Celsius, and their 

strength rapidly collapses at 800 degrees Celsius, forming a loose oxide scale that continues to peel off, 

leading to rapid throat enlargement and jet turbulence. Tungsten alloy nozzles , on the other hand, possess 

an ultra-high melting point close to pure tungsten and excellent resistance to high-temperature oxidation. 

They can maintain their hardness and geometric integrity for extended periods in flames exceeding 1500 

degrees Celsius continuously and instantaneously exceeding 2000 degrees Celsius , forming only a very 

thin and firmly adhered protective layer on the surface with almost no peeling. This difference in high-

temperature resistance makes tungsten alloy nozzles the only choice for high-temperature processes such 

as supersonic flame spraying, plasma spraying, and high-power laser cladding , while stainless steel 

nozzles can only be used for low-temperature cleaning or low-energy thermal spraying. 

 

5.1.2 Comparison of wear resistance: Differences in wear rate and service life 

 

In high-speed erosion environments containing hard abrasives, the wear rate of stainless steel nozzles is 

typically tens of times higher than that of tungsten alloy nozzles. Silicon carbide, garnet, and diamond-

grade abrasives create deep grooves and severe plastic deformation on the stainless steel surface, often 

causing significant enlargement of the throat diameter within a few hundred hours and a continuous 

increase in the jet divergence angle . In contrast, tungsten alloy nozzles , with their near- continuous, 

high-hardness tungsten skeleton, leave only very shallow marks from abrasive impacts, and the throat 

retains its initial size even after thousands or even tens of thousands of hours, with almost no drift in jet 

parameters.  

 

5.1.3 Comparison of Mechanical Properties: Analysis of the Compatibility between Strength and 

Toughness 

 

Stainless steel nozzles possess good strength and toughness at room temperature, but deteriorate rapidly 

under combined high-temperature and ultra-high-pressure loads, easily leading to fatigue cracks and 

overall plastic deformation. Tungsten alloy nozzles, on the other hand, maintain extremely high strength 
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and quasi-ductility toughness across the entire temperature range from room temperature to 1000 degrees 

Celsius. Their tensile strength, compressive strength, and fatigue strength are significantly superior, and 

they exhibit almost no permanent deformation under ultra-high-pressure water hammer and strong recoil. 

In extreme mechanical conditions such as ultra-high-pressure water jets (exceeding 400 MPa) and high-

power plasma spray guns, stainless steel nozzles often fail prematurely due to cracking or collapse, while 

tungsten alloy nozzles, with their "unbreakable and unflattenable" performance, serve for extended 

periods, becoming the only throat material that can simultaneously meet the requirements of highest 

strength and sufficient toughness. 

 

5.1.4 Economic Comparison: Comprehensive Assessment of Cost and Maintenance Costs 

 

Tungsten alloy nozzle, but its total life cycle cost (TCO) is much higher . 

 

The reasons are as follows: Replacement frequency: Stainless steel nozzles have a short lifespan, 

requiring frequent shutdowns for nozzle replacement, resulting in extremely high costs for labor, 

downtime, and waste nozzle disposal ; a single tungsten alloy nozzle can replace dozens of others, 

drastically reducing the number of nozzle replacements . Process stability: Rapid orifice expansion at the 

throat of stainless steel nozzles causes jet parameter drift, leading to a decrease in yield and an increase 

in scrap rate; tungsten alloy nozzles maintain their parameters long-term, resulting in a near 100% yield. 

Maintenance difficulty: Stainless steel nozzles are prone to rust, powder adhesion, and clogging, 

requiring regular acid washing or ultrasonic cleaning; tungsten alloy nozzles never rust on their inner 

walls, have virtually no powder adhesion, and are ready to use out of the box. 

 

Real-world industrial examples show that on high-intensity continuous production lines, the annual 

comprehensive cost of using tungsten alloy nozzles is only half or even less than that of stainless steel 

nozzles, with a payback period typically less than six months. Tungsten alloy nozzles have completely 

transformed from "outrageously expensive high-end consumables" into a truly economical choice that is 

"affordable and profitable," while stainless steel nozzles are increasingly marginalized as transitional 

products for low-end, low-value-added scenarios. The competition is no longer simply about price; it 

represents two completely different industrial philosophies: "lowest short-term cost" versus "highest 

long-term value." 

 

5.2 Comparison of Tungsten Alloy Nozzles and Ceramic Nozzles 

 

Tungsten alloy nozzles and ceramic nozzles are both high-end wear-resistant nozzles, but they differ 

significantly in their material properties, performance emphasis, and application boundaries. Tungsten 

alloy nozzles , with a tungsten-based composite structure at their core, achieve a balance between 

hardness and toughness; ceramic nozzles, on the other hand, are primarily made of non-metallic ceramics 

such as zirconium oxide or silicon carbide, emphasizing extreme hardness and chemical inertness. 

Tungsten alloy nozzles are more suitable for combined high-speed erosion and thermal shock conditions 

involving particles, while ceramic nozzles excel in pure high-temperature oxidizing or highly corrosive 

media. The two have evolved from being "substitutable" to being "stratified by operating conditions," 
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together forming a complete spectrum of nozzle materials for modern jet processing. 

 

5.2.1 Comparison of mechanical properties: Differences in impact strength and brittleness 

 

Tungsten alloy nozzles far surpass ceramic nozzles in impact resistance. Their composite structure allows 

for perfect synergy between the hard tungsten particle skeleton and the ductile binder, giving the nozzle 

sufficient ductile buffering capacity. Even under high-speed impacts or instantaneous thermal shocks 

containing hard particles, they only produce very shallow plastic deformation and do not catastrophically 

shatter. Although ceramic nozzles are harder, they are inherently extremely brittle. A single accidental 

overload or minor defect can lead to overall fracture, especially under conditions of frequent vibration 

or impact. The failure mode is often sudden, unannounced brittle fracture. 

 

tungsten alloy nozzles stems from the bridging effect of the binder phase. When cracks initiate, they are 

rapidly passivated and absorbed by the ductile phase, effectively blocking the propagation path. In 

contrast, once a crack in a ceramic nozzle is initiated, it propagates linearly along grain boundaries or 

within the grain , exhibiting almost zero toughness and being unable to self-heal. This difference is 

vividly demonstrated in the fields of thermal spraying and waterjet cutting : tungsten alloy nozzles can 

withstand thousands of hours of particle erosion with stable throat dimensions, while ceramic nozzles 

suddenly fail within hundreds of hours due to accumulated micro-impacts . Tungsten alloy nozzles are 

far less brittle than ceramics, making them the only choice in complex operating conditions requiring 

unbreakable and shockproof reliability, while ceramic nozzles are more suitable for static loads or purely 

high-temperature, non-impact environments. 

 

5.2.2 Comparison of wear resistance: Hard particle wear and abrasive wear performance 

 

Tungsten alloy nozzles and ceramic nozzles each excel in their respective areas of hard particle wear and 

abrasive wear performance, but tungsten alloy nozzles offer a more balanced overall performance and 

are better suited for complex working conditions. The wear resistance of tungsten alloy nozzles stems 

from the synergy between a continuous tungsten skeleton and a ductile binder phase: when hard particles 

impact, the tungsten particles provide extremely high resistance, producing only shallow plastic grooves, 

while the binder phase absorbs impact energy and rapidly repairs micro-damage, resulting in a very low 

and uniform wear rate. Ceramic nozzles, with their higher hardness, perform better in pure hard particle 

wear, as particles struggle to penetrate the surface. However, once micro-cracks occur, they propagate 

rapidly, leading to spalling failure. 

 

In high-speed airflow containing abrasive particles, such as in thermal spraying, tungsten alloy nozzles 

exhibit a gradual, uniform thinning wear pattern with slow throat size changes but stable jet quality over 

a long period. Ceramic nozzles, on the other hand, are prone to sudden chipping due to particle-induced 

cracks, resulting in unpredictable failure. In ultra-high-pressure water jet applications involving abrasive 

particles, the toughness and buffering properties of tungsten alloy nozzles effectively absorb the impact 

of cavitation bubble collapse, resulting in a significantly lower abrasive wear rate than the fatigue spalling 

rate of ceramic nozzles. Overall, tungsten alloy nozzles offer greater "toughness and durability" in wear 
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resistance, while ceramic nozzles are more "hard and short-lived." The former excels in combined impact 

and thermal wear, while the latter is more advantageous in purely chemical corrosion or high-temperature, 

particle-free environments. 

 

5.2.3 Comparison of processing performance: molding accuracy and adaptability to complex 

structures 

 

Tungsten alloy nozzles far surpass ceramic nozzles in processing performance. Their alloyed structure 

provides sufficient toughness and plasticity, enabling them to easily achieve geometric limits such as 

complex internal flow channels, variable cross-section expansion sections, integrated cooling channels, 

and multi-throat arrays through powder metallurgy, precision machining, deep hole drilling, wire cutting, 

and laser finishing. In contrast, the brittleness of ceramic nozzles makes the processing process full of 

cracking risks, and complex structures are almost impossible to achieve, relying only on simple forming 

and limited grinding. 

 

Tungsten alloy nozzle blanks can be nearly formed with any aspect ratio through cold isostatic pressing , 

resulting in an extremely wide machining window after sintering and a mirror-like surface finish without 

chipping. Ceramic nozzle blanks, on the other hand, are prone to uneven shrinkage and easily break under 

stress concentration during machining. Their forming accuracy and adaptability to complex structures 

are far lower than tungsten alloys. Tungsten alloy nozzles can be easily brazed or threaded, while ceramic 

nozzles are extremely prone to breakage upon connection. The machinability of tungsten alloy nozzles 

allows designers to pursue optimal flow geometry, while ceramic nozzles are often forced to compromise 

due to machining limitations. 

 

5.2.4 Reliability Comparison: Thermal Shock Resistance and Usage Stability Analysis 

 

Tungsten alloy nozzles surpass ceramic nozzles in thermal shock resistance and operational stability. 

Their alloy composite structure allows thermal stress to be effectively absorbed and dispersed by the 

tough bonding phase, resulting in almost no microcracks even after thousands of rapid temperature 

changes. In contrast, ceramic nozzles are extremely sensitive to thermal shock , and a single rapid 

temperature change can cause the entire nozzle to shatter. 

 

In thermal spray guns, tungsten alloy nozzles can withstand thousands of ignition-extinguishing cycles 

without deformation or cracking , and their throat dimensions and cone angle remain stable over a long 

period. Ceramic nozzles, on the other hand, are prone to developing network cracks under thermal shock, 

resulting in significantly lower stability. The thermal shock resistance of tungsten alloy nozzles ensures 

their reliability—"never deforming, never losing control"—under complex operating conditions, while 

ceramic nozzles are better suited for constant temperature or low thermal shock environments. 

 

5.3 Comparison of Tungsten Alloy Nozzles and Copper Alloy Nozzles 

 

Copper alloy nozzles (typically made of pure copper, oxygen-free copper, chromium zirconium copper, 
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aluminum bronze, etc.) were once widely used in plasma spraying, waterjet guide nozzles, and cryogenic 

cleaning due to their excellent thermal conductivity, low cost, and ease of processing. However, as 

processes have evolved towards higher temperatures, stronger erosion, and longer lifespans, the softening, 

ablation, wear, and deformation problems of copper alloy nozzles have become increasingly prominent, 

leading to their complete replacement by tungsten alloy nozzles in the vast majority of high-end 

applications. A clear distinction has now emerged between the two: copper alloys have retreated to low-

temperature, low-abrasive, and short-life scenarios, while tungsten alloys firmly occupy the absolute high 

ground in high-temperature, high-wear, and long-life applications. 

 

5.3.1 High-Temperature Strength Comparison: Mechanical Property Retention Rate under High-

Temperature Environments 

 

Copper alloy nozzles begin to soften significantly above 400 degrees Celsius, and at 600 degrees Celsius, 

their strength is less than a fraction of that at room temperature. The throat rapidly undergoes plastic 

deformation, collapses, or even melts and drips in the high-temperature flame , resulting in complete 

geometric loss of control. Tungsten alloy nozzles, on the other hand, maintain extremely high strength 

retention across the entire temperature range. Even when continuously heated to over 1200 degrees 

Celsius or momentarily approaching 2000 degrees Celsius, their hardness and compressive strength show 

minimal decrease , and the throat diameter and cone angle remain almost unchanged. This difference 

stems from copper's low recrystallization temperature and rapid high-temperature grain boundary 

migration, while tungsten alloys rely on the ultra-high melting point of the tungsten skeleton and the 

strengthening effect of the binder phase to form a stable high-temperature load-bearing network. In high-

temperature processes such as supersonic flame spraying, atmospheric plasma spraying, and laser 

cladding with coaxial powder feeding, copper alloy nozzles often become unusable due to softening 

within minutes to hours, while tungsten alloy nozzles can serve stably for thousands of hours. Copper 

alloy nozzles have completely withdrawn from the stage of all truly high-temperature nozzles. 

 

5.3.2 Service life comparison: Differences in attenuation patterns under different operating 

conditions 

 

The lifespan degradation of copper alloy nozzles exhibits a typical "slow initial decline, accelerated mid-

term decline, and avalanche-like failure" pattern: initially, the ductility of copper itself allows it to 

maintain its shape, but once the surface is scratched by abrasives or softened by localized overheating, 

wear and deformation accelerate dramatically, ultimately leading to exponential failure. In contrast, the 

lifespan degradation of tungsten alloy nozzles approximates an ideal "linearly slow" curve: the tungsten 

skeleton provides constant high hardness, the binder phase provides continuous toughness support, the 

rate of throat diameter expansion is extremely low and highly predictable, and good jet quality is 

maintained until the end of its lifespan. In typical operating conditions such as ultra-high pressure water 

jetting with abrasives, thermal spraying powder feeding, and industrial cleaning, the lifespan of copper 

alloy nozzles is typically only a fraction of that of tungsten alloy nozzles, ranging from one-hundredth 

to one-seventh, and the jet parameters drift significantly before failure, resulting in a substantial decrease 

in yield. Tungsten alloy nozzles, with their stability of "using a thousand hours as if it were only one 
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hour," minimize nozzle replacement frequency , completely changing the production line's perception of 

nozzle lifespan. 

 

5.3.3 Comparison of thermal conductivity: characteristics of heat conduction and temperature 

distribution 

 

Copper alloys possess extremely high thermal conductivity, allowing heat to be instantly transferred from 

the throat to the outer wall with minimal surface temperature gradients, theoretically facilitating rapid 

heat dissipation. However, in actual high-temperature, high-energy-density applications, this advantage 

becomes a fatal flaw: due to insufficient high-temperature strength, while heat transfer is rapid , copper 

alloys cannot withstand the resulting thermal softening and deformation, leading to rapid throat collapse. 

Tungsten alloy nozzles, while having lower thermal conductivity than copper alloys, still have a much 

higher thermal conductivity than ceramics and stainless steel, perfectly matching their extremely high 

softening temperature: heat conduction is fast enough to keep the highest throat temperature below a safe 

threshold, while the material itself maintains extremely high strength at this temperature, resulting in an 

ideal temperature field distribution of " no internal overheating and rapid external cooling." In actual 

high-power plasma spraying and laser cladding , copper alloy nozzles often burn through due to localized 

instantaneous overheating, while tungsten alloy nozzles, with their more rational thermal conductivity-

strength coupling, achieve a perfect balance of "heat transfer is effective, and the throat can withstand 

the heat," resulting in a lifespan and stability far exceeding that of copper alloys. 

 

5.3.4 Corrosion Resistance Comparison: Corrosion Resistance Performance in Acid and Alkali 

Media 

 

Pure copper and ordinary copper alloys are highly soluble in acidic media (especially nitric acid, sulfuric 

acid, and aqua regia), and prone to dezincification or stress corrosion cracking in alkaline and chlorine-

containing media. The surface quickly forms porous corrosion products, leading to a sharp increase in 

throat roughness and flow control issues. Tungsten alloy nozzles, however, exhibit a completely different 

corrosion resistance profile: tungsten -nickel-iron systems perform excellently in high-temperature 

oxidizing atmospheres, while tungsten-nickel-copper systems are nearly chemically inert across the 

entire pH range, including acids, alkalis, seawater, salt spray, and disinfectants, exhibiting almost no 

visible corrosion and maintaining a mirror-like finish over a long period. In corrosive environments such 

as offshore wind turbine blade rust removal, acid and alkali cleaning of chemical pipelines, aseptic 

cleaning in food and pharmaceutical industries, and nuclear decontamination, copper alloy nozzles often 

show pitting corrosion, crevice corrosion, or overall dissolution failure after only a few hundred hours, 

while tungsten-nickel-copper nozzles remain bright and new on the inner wall after thousands of hours, 

with no metal ion precipitation, fully meeting the most stringent cleanliness and biocompatibility 

requirements. Tungsten alloy nozzles, with their absolute corrosion resistance of "never rusting and never 

dissolving," have completely squeezed copper alloy nozzles out of all high-end applications involving 

corrosive media. 
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Chapter 6: Application Areas of Tungsten Alloy Nozzles 

 

6.1 Application of Tungsten Alloy Nozzles in Industrial Manufacturing 

 

Tungsten alloy nozzles, due to their extreme temperature resistance, wear resistance, impact resistance, 

and dimensional invariance , have become the preferred and only solution for the most demanding 

spraying stations in modern industrial manufacturing. They are no longer considered ordinary "wear 

parts," but rather core functional components that determine the cycle time, quality, and cost of the entire 

production line. 

 

6.1.1 Welding and cutting: Tungsten alloy nozzle for high-temperature spraying 

 

In high-energy beam welding and cutting fields (plasma welding, plasma cutting, laser-plasma hybrid 

welding, and ultra-high temperature oxy- fuel cutting), tungsten alloy nozzles, serving as the arc 

confinement and plasma compression throat, directly face arcs and reflected energy at temperatures 

ranging from thousands to tens of thousands of degrees Celsius. While ordinary copper nozzles ablate 

and deform within seconds, tungsten alloy nozzles, with their ultra-high melting point, excellent 

oxidation resistance, and high-temperature strength, can continuously and stably confine the arc for 

thousands of hours, maintaining a long-term locked arc compression ratio and energy density, with zero 

batch-to-batch fluctuations in kerf width, weld depth-to-width ratio, and surface finish . In extreme 

scenarios such as welding thick titanium alloy plates for aerospace applications, circumferential welding 

of nuclear-grade pipelines , and high-speed rail cutting, tungsten alloy nozzles have become the only 

throat material to have passed process certification. 

 

6.1.2 Surface coating: Tungsten alloy nozzle for atomization molding 

 

Surface coating (HVOF, APS, and coaxial powder feeding in laser cladding ) places extremely 

demanding requirements on nozzles: they must withstand ultra-high temperature, high-speed flames 

containing hard particles while ensuring that particle velocity and temperature distribution remain stable 

for thousands of hours. Tungsten alloy nozzles, with their near-continuous tungsten skeleton to resist 

erosion, extremely high dimensional stability to lock the Laval flow field, and excellent thermal shock 

resistance to ignition-quench cycles, have become the only throat material that can achieve forging-level 

coating density, bonding strength, and batch consistency in a single application. In high-end coating lines 

such as thermal barrier coatings for aero-engine blades, remanufacturing repair, automotive cylinder bore 

wall reinforcement, and hardfacing coatings for oil and gas drill bits, tungsten alloy nozzles have long 

been a mandatory component enshrined in permanent process documentation. 

 

6.1.3 Metallurgical Casting: Tungsten Alloy Nozzles for High-Temperature Melt Flow 

 

In high-temperature metallurgical processes such as vacuum consumable melting, electron beam melting, 

plasma melting, and precision casting atomization powder production, tungsten alloy nozzles, acting as 

melt guides, gas atomizers, and protective gas throats, directly contact molten titanium alloys, nickel-
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based superalloys, and active metals at temperatures exceeding 1600 degrees Celsius. While ordinary 

graphite or ceramic nozzles are either wetted and eroded by the melt or shattered by thermal shock , 

tungsten alloy nozzles, with their extremely high melting point, extremely low thermal expansion, and 

excellent resistance to melt erosion, ensure stable melt flow , extremely narrow atomized particle size 

distribution, and extremely high powder sphericity. In the production of aerospace-grade titanium alloy 

powder, 3D printing superalloy powder, and magnetic atomized powder, tungsten alloy nozzles have 

become the absolute bottleneck component determining the final powder quality and yield. 

 

6.1.4 Precision Cleaning: Tungsten Alloy Nozzle for High-Pressure Jetting 

 

In ultra-high pressure pure water and abrasive-containing water jet cleaning (nuclear facility 

decontamination, offshore wind turbine blade paint removal, aerospace composite material roughening, 

precision mold cavity cleaning), tungsten alloy nozzles face the quadruple torment of hundreds of 

megapascals of water hammer, millions of pressure pulses, highly corrosive media, and hard abrasives. 

While sapphire and carbide nozzles often cavitate and peel off or enlarge holes after a few hundred hours, 

tungsten alloy nozzles, with their ultra-high strength, excellent cavitation resistance, and mirror-grade 

inner wall, maintain the kerf width, surface roughness, and removal efficiency at their initial state for 

thousands of hours. In scenarios with extremely high requirements for cleanliness and stability, such as 

primary loop cleaning in nuclear power plants, rust removal from LNG storage tank inner walls, and CIP 

online cleaning in food and pharmaceutical industries , tungsten alloy nozzles have become the only 

throat material that meets the most stringent regulations and process certifications. The comprehensive 

penetration of tungsten alloy nozzles in the industrial manufacturing field has elevated them from "high-

end consumables" to "process soul." Wherever spraying stations involve extreme temperatures, extreme 

pressures, extreme wear, and extreme cleanliness, tungsten alloy nozzles are almost invariably present. 

 

6.2 Application of Tungsten Alloy Nozzles in the Energy and Mining Field 

 

The energy and mining industry is a collection of the most extreme working conditions ever encountered 

by humankind: ultra-high pressure, high temperature, high abrasion, strong corrosion, and strong 

radiation all occur simultaneously. Tungsten alloy nozzles, with their versatile performance, have become 

the reliable throat for the most demanding spraying positions in this field. 

 

6.2.1 Oil Drilling: Tungsten Alloy Nozzles for High-Pressure Rock Breaking 

 

In drilling operations such as high-pressure hydraulic rock breaking, well completion perforation, and 

oil and gas well unblocking and production enhancement, tungsten alloy nozzles, as the core rock-

breaking element of drill bits or perforation guns, directly face instantaneous water hammer of hundreds 

of megapascals, high-speed abrasive flows containing quartz sand and rock cuttings, and the strong 

corrosion of acidizing fracturing fluids. Ordinary cemented carbide nozzles experience severe orifice 

enlargement and jet divergence after a few hundred hours, with a rapid decline in rock-breaking 

efficiency and directionality. In contrast, tungsten alloy nozzles, with their ultra-high compressive 

strength, resistance to cavitation and stripping, and extremely narrow throat tolerance, maintain jet 
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velocity, focus, and rock-breaking efficiency at their initial peak for thousands of hours. This is 

particularly relevant in extreme drilling scenarios such as deepwater, ultra-deep wells, and shale oil and 

gas horizontal wells. 

 

6.2.2 Coal gasification: Tungsten alloy nozzles for high-temperature reaction 

 

Coal gasification processes (Texaco, Shell, four-nozzle opposed gasifiers) require nozzles to precisely 

atomize and stably combust pulverized coal, steam, and oxygen in an extreme environment continuously 

above 1500 degrees Celsius, containing high concentrations of molten slag particles and reducing gases. 

Ordinary refractory or water-cooled copper nozzles are either rapidly eroded by molten slag or crack due 

to thermal stress. Tungsten alloy nozzles, with their ultra-high melting point, excellent resistance to 

molten slag erosion, thermal shock, and oxidation, ensure the symmetry of four or more nozzles and the 

long-term stability of the atomization cone angle , maintaining the gasifier's effective gas composition 

and carbon conversion rate at peak levels for tens of thousands of hours. In modern large-scale coal 

gasification plants with single-furnace annual operation exceeding 8,000 hours, tungsten alloy nozzles 

have become the only core burner component achieving "long-cycle, full-load, zero unplanned 

shutdowns." 

 

6.2.3 Thermal Power Generation: Tungsten Alloy Nozzles for Desulfurization and Denitrification 

 

The dual-fluid atomizing nozzles of wet desulfurization spray towers and selective catalytic reduction 

(SCR) denitrification systems face a highly corrosive and abrasive environment containing high 

concentrations of limestone slurry, gypsum particles, fly ash, SO₂ , NOx, and chloride ions. Ordinary 

stainless steel and hard alloy nozzles often suffer severe wear, blockage, or breakage after only a few 

thousand hours, leading to significant fluctuations in desulfurization and denitrification efficiency. In 

contrast, tungsten alloy nozzles (especially those with a non-magnetic, corrosion-resistant tungsten -

nickel-copper blend) with their mirror-finish inner walls, excellent wear and corrosion resistance, and 

dimensional stability lock the atomized particle size, coverage uniformity, and spray density at their 

design optimal values for tens of thousands of hours, ensuring that desulfurization and denitrification 

efficiency consistently exceeds national ultra-low emission standards. In 600 MW and above ultra- 

supercritical units, tungsten alloy nozzles have become essential hardware for achieving near-zero 

emissions and long-term operation. 

 

6.2.4 Nuclear Energy Utilization: Tungsten Alloy Nozzles for Radiation-Resistant Environments 

 

The most demanding radiation environments in nuclear energy utilization (reactor primary loop cleaning, 

nuclear waste treatment, fuel assembly decontamination, isotope production target cooling , and hot 

chamber precision jetting) require nozzles to withstand strong neutron and gamma radiation, high-

temperature and high-pressure radioactive media, strong acid and alkali corrosion, and erosion from solid 

particles. Ordinary materials fail within months due to radiation swelling, embrittlement, and corrosion 

perforation. However, tungsten alloy nozzles, with near-zero radiation swelling, extremely low 

embrittlement tendency, excellent high-temperature strength, and full pH corrosion resistance, can 
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remain geometrically intact and jet-stable for several years in the reactor or hot chamber, ensuring 

maximum decontamination efficiency, minimal waste volume, and zero secondary pollution. In advanced 

pressurized water reactors, fast reactors, fusion reactor target chambers, and high-flux isotope production 

facilities, tungsten alloy nozzles have become the only precision jetting components that have passed the 

most stringent nuclear-grade certification and can be stationed long-term in the most severe radiation 

core areas. The deep integration of tungsten alloy nozzles into the energy and mining industry has 

elevated them from "high-end consumables" to "process lifelines." Tungsten alloy nozzles have become 

an important choice for any spraying station involving extreme pressure, extreme temperature, extreme 

abrasion, extreme corrosion, and extreme radiation . 

 

6.3 Application of Tungsten Alloy Nozzles in High-End Equipment 

 

The requirements for nozzles in high-end equipment are no longer "how long they can be used," but 

rather "zero failure rate, zero drift, zero pollution, and zero risk." Tungsten alloy nozzles, with their full-

temperature dimensional accuracy, near-theoretical density for wear resistance, absolute cleanliness, and 

bio/electromagnetic compatibility, have become the standard answer and legitimate option in the most 

demanding fields such as aerospace, rail transportation, medical devices, and electronics manufacturing. 

 

6.3.1 Aerospace: Tungsten alloy nozzles for engine gas injection 

 

In the combustion chambers, afterburners, and cooling and purging systems of turbofan/ turboshaft 

engines, tungsten alloy nozzles serve as the throat for fuel atomization, flame stabilization, exhaust gas 

cooling, and high-pressure purging. They directly face high-temperature combustion gases exceeding 

1800 degrees Celsius, carbon particle erosion, severe vibration, and rapid temperature changes. Ordinary 

nickel-based or stainless steel nozzles coke, burn, or crack after a few hundred hours, while tungsten 

alloy nozzles, with their ultra-high melting point, excellent oxidation resistance, thermal shock resistance, 

and dimensional stability, ensure that the atomization cone angle, droplet size distribution, and cooling 

airflow velocity do not drift for tens of thousands of hours. They have become the designated nozzle 

material for the combustion chambers and test stands of mainstream engines such as the CFM56, LEAP, 

CJ1000A, and AECC commercial engines, as well as many other major models. 

 

6.3.2 Rail Transit: Tungsten Alloy Nozzles for Braking System Cooling 

 

In the pneumatic-disc composite braking systems of high-speed trains (speeds above 350 km/h) and 

heavy-haul freight trains, tungsten alloy nozzles are used for high-pressure air cooling and dust removal 

of brake discs/pads. They directly withstand instantaneous braking heat loads exceeding 800 degrees 

Celsius, high-speed abrasive flows containing iron powder and asbestos fibers, and frequent start-stop 

impacts. Ordinary nozzles wear out or become clogged after a few thousand kilometers, leading to brake 

fade and dust accumulation. In contrast, tungsten alloy nozzles, with their mirror-like inner walls, 

extremely high wear and corrosion resistance, and dimensional invariance , maintain a constant cooling 

airflow velocity and coverage uniformity for hundreds of thousands of kilometers. They have become a 

core long-life component in the braking systems of Fuxing and Harmony heavy-haul locomotives, as 
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well as high-end EMU trains such as the European ICE and TGV. 

 

6.3.3 Medical Devices: Tungsten Alloy Nozzles for Precision Spraying 

 

In high-end medical devices such as drug inhalers, needle-free insulin injectors, ophthalmic surgical 

irrigation, dental water-air blasting, and drug-release coatings for implants, tungsten alloy nozzles 

(especially those with a non-magnetic tungsten -nickel-copper formula and medical-grade cleanliness) 

serve as the ultimate throat that determines drug particle size, jet accuracy, and biocompatibility. They 

require absolute non-magnetism, no metal ion release, sterile cleanliness, and no extractable substances. 

Ordinary stainless steel or plastic nozzles cannot meet both electromagnetic compatibility and biosafety 

regulations. Tungsten alloy nozzles, with their full pH chemical inertness, mirror-finish inner wall, zero 

magnetism, and the most stringent ISO 10993 biocompatibility certification, ensure batch-to-batch 

variation in drug atomization particle size at only sub-micron levels. This has made them a legal nozzle 

material for leading global brands of needle-free injectors, dry powder inhalers, and high-end dental 

equipment. 

 

6.3.4 Electronic Manufacturing: Tungsten Alloy Nozzles for Chip Packaging 

 

In flip-chip bonding, wafer-level packaging , Mini/Micro-LED mass transfer spraying, precision 

dispensing of underfill adhesive , plasma cleaning, and photoresist spraying systems, tungsten alloy 

nozzles, as core components determining solder joint consistency, adhesive path accuracy , and 

cleanliness, require submicron-level throat tolerances, nanometer-level internal wall roughness, zero 

particulate contamination, and extremely high antistatic/electromagnetic compatibility. Ordinary 

sapphire or stainless steel nozzles are prone to particle generation, electrostatic adsorption, or throat drift, 

resulting in unacceptable yield losses even at a fraction of a percent. Tungsten alloy nozzles, with their 

theoretically high wear resistance, mirror-finish + low-friction coating on the inner wall, perfect 

coaxiality, and controllable conductivity, maintain their initial dispensing/ spraying accuracy and 

cleanliness even after hundreds of thousands of cycles. They have become the mandatory nozzle material 

for top-tier global packaging and testing lines such as TSMC, Samsung, Intel, and Huawei HiSilicon. 

The complete dominance of tungsten alloy nozzles in high-end equipment has rendered the question of 

"whether there are alternatives" meaningless. They are no longer optional but rather "essential" items 

directly written into design specifications, supplier lists, and certification catalogs. Behind a single 

tungsten alloy nozzle lies the complete solidification of the most vulnerable component of the entire 

high-end equipment. 

 

6.4 Application of Tungsten Alloy Nozzles in Special Engineering Fields 

 

In specialized engineering scenarios with the highest requirements for reliability, environmental 

adaptability, and performance margin, tungsten alloy nozzles have long transcended the category of 

ordinary industrial consumables, becoming strategic key components that determine the success or 

failure of a system. Their comprehensive extreme performance—"unblemished by burning, unbreakable 

by impact, uncrackable by vibration, unswellable by irradiation, and undamaged by corrosion"—makes 
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them one of the few nozzle materials that dare to be included in the most stringent design specifications. 

 

6.4.1 Military Equipment: Tungsten Alloy Nozzles for Special Spray Systems 

 

In high-energy jet cleaning, special surface treatment, extreme environment decontamination, and 

emergency maintenance equipment, tungsten alloy nozzles serve as core actuators, directly facing ultra-

high pressure, highly abrasive, highly toxic or corrosive media, and extreme temperature differences and 

strong vibrations. Ordinary material nozzles often fail within minutes to hours, leading to mission 

interruptions. In contrast, tungsten alloy nozzles, with their ultra-long lifespan, zero parameter drift, and 

absolutely safe failure mode (expanding without shattering and producing secondary fragments), ensure 

the continuous operational capability of equipment and personnel safety under the most severe conditions, 

and have become the certified throat material for many key special jet cleaning systems. 

 

6.4.2 Space Launch: Tungsten Alloy Nozzles for Propulsion Systems 

 

In aerospace launch and orbit control systems, tungsten alloy nozzles are widely used in attitude and 

orbit control engine nozzle throat liners, satellite propellant valve nozzles, ground test vehicle cooling 

nozzles, and high-pressure helium purging nozzles. These components must simultaneously withstand 

liquid oxygen/kerosene, liquid oxygen/methane, and nitrogen tetroxide/unsymmetrical dimethyl... 

Highly oxidizing or corrosive propellants such as HYD , instantaneous combustion chamber 

temperatures of thousands of degrees Celsius, and severe vibrations during launch and reentry. Tungsten 

alloy nozzles, with their extremely high melting point, excellent thermal shock resistance, near-zero 

ablation rate, and dimensional fidelity , ensure that the engine's thrust vector and specific impulse do not 

decay for thousands of seconds, and have become core components of heavy-lift launch vehicles, first-

stage recovery, deep space probes, and manned spacecraft attitude and orbit control systems. 

 

6.4.3 Chemical Emergency Response: Tungsten Alloy Nozzles for Handling Corrosive Media 

 

In chemical accident emergency response, hazardous materials disposal, and neutralization and 

decontamination operations in highly corrosive media, tungsten alloy nozzles (especially those with a 

non-magnetic, corrosion-resistant tungsten -nickel-copper blend) are core components of mobile or 

vehicle-mounted ultra-high-pressure jet systems, directly contacting concentrated acids, alkalis, strong 

oxidizers, highly toxic organics, and biochemical agents. Ordinary material nozzles dissolve or perforate 

within minutes, while tungsten alloy nozzles, with their near-chemical inertness across the entire pH 

range, mirror-finish inner walls, and extremely high strength, ensure that jet parameters and atomization 

effects remain stable for hours in the harshest media, completely eliminating the risk of secondary 

contamination and sudden nozzle failure. They have become standard equipment in national emergency 

response systems for major emergencies. 

 

6.4.4 Deep-sea exploration: Tungsten alloy nozzles for high-pressure environments 

 

In deep-sea probes, deep-sea mining equipment, and high-pressure hydraulic cutting and cleaning 
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systems for abyssal scientific research, tungsten alloy nozzles, as the only moving parts under external 

pressure of thousands of atmospheres, must simultaneously resist high-pressure penetration of seawater, 

high-speed abrasive erosion from sea sand and rock fragments, strong chloride ion corrosion, and 

extreme low temperatures. Ordinary material nozzles rapidly deform, cavitate, or corrode under deep-

sea pressure, while tungsten alloy nozzles, with their ultra-high compressive strength, excellent 

cavitation resistance, and superior seawater corrosion resistance, ensure that cutting and cleaning 

efficiency does not decrease over thousands of hours in the deep abyss. They have become an 

irreplaceable high-pressure throat material in the "Striver" 10,000-meter manned submersible, deep-sea 

mining equipment, and the construction of seabed observation networks. The deep integration of tungsten 

alloy nozzles into these specialized engineering fields has elevated them from "high-end materials" to 

"national strategic key components." 

 

6.5 Applications of Tungsten Alloy Nozzles in Emerging Fields 

 

Emerging technologies are often accompanied by the most extreme, demanding, and uncompromising 

nozzle operating conditions. Tungsten alloy nozzles are rapidly becoming the underlying hardware 

foundation for cutting-edge fields such as 3D printing, hydrogen energy, carbon capture, and ultrafast 

lasers, with the attitude of "the only one that can keep up with imagination." It is no longer just "usable," 

but "the only thing that can be used." 

 

6.5.1 3D Printing: Tungsten Alloy Nozzle for Metal Powder Jetting 

 

In directed energy deposition (DED), laser metal deposition (LMD), cold metal transfer (CMT) additive 

manufacturing , and the emerging liquid metal jet printing, tungsten alloy nozzles, serving as coaxial or 

side-axis powder feed throats, directly face repeated impacts from the edges of laser/arc focal spots 

exceeding 1500 degrees Celsius, reflected laser light, and semi-molten and fully molten metal powder. 

Ordinary cemented carbide or stainless steel nozzles suffer from severe powder adhesion, nodule 

formation, and throat enlargement after only a few hundred layers, leading to powder beam dispersion, 

deposition channel collapse, and loss of forming accuracy. In contrast, tungsten alloy nozzles, with their 

ultra-high melting point, mirror-like anti-adhesion inner wall, submicron-level dimensional fidelity, and 

excellent thermal shock resistance, maintain powder focusing accuracy and flow stability for tens of 

thousands of layers, making them the only legal option for coaxial powder feed nozzles in mainstream 

global metal 3D printing equipment such as GE Additive, EOS, SLM Solutions, Farsoon , and BLT. In 

the highest-level additive manufacturing tasks , such as aerospace titanium alloy structural components, 

gas turbine blade repair, and integral printing of nuclear main pump impellers , tungsten alloy nozzles 

have been directly incorporated into aerospace and nuclear-grade process specifications. 

 

6.5.2 Hydrogen Energy Industry: Tungsten Alloy Nozzles for Fuel Cells 

 

The entire hydrogen energy chain (high-pressure hydrogen storage tank detection, ultra-high-pressure 

spray cooling at hydrogen refueling stations, fuel cell stack humidification and exhaust gas drainage, and 

precision electrolyte spraying in flow batteries) places four demands on nozzles: extreme cleanliness, 
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extreme corrosion resistance, extreme high-pressure resistance, and zero metal ion precipitation . 

Tungsten alloy nozzles (especially those with a non-magnetic tungsten-nickel-copper blend and ultra-

clean ratio) perfectly meet the dual requirements of stack humidification atomization and exhaust gas 

droplet separation with their full pH chemical inertness, zero magnetism, mirror-finish inner wall, and 

the most stringent PEM fuel cell ion precipitation standards (below ppb). This ensures that the membrane 

electrode assembly (MEA) remains unpoisoned and does not degrade for tens of thousands of hours, 

making it the only certified nozzle material for Toyota Mirai, Honda Clarity, Hyundai NEXO, and many 

leading domestic fuel cell stack manufacturers . In the 70 MPa supercritical hydrogen leak detection and 

spray cooling system of hydrogen refueling stations, tungsten alloy nozzles, with their resistance to 

hydrogen embrittlement, resistance to instantaneous ultra-high pressure, and dimensional invariance , 

have become a mandatory option for core safety components in hydrogen refueling stations worldwide . 

 

6.5.3 Carbon capture: Tungsten alloy nozzle for absorbent injection 

 

In carbon capture, utilization, and storage (CCUS) systems, amine-based, sodium-alkali-based, and 

calcium-based circulating absorber towers require nozzles to withstand long-term exposure to high 

temperatures and high concentrations of CO₂ , amine solutions /slurries containing solid particles, highly 

alkaline environments, and severe thermal cycling. Ordinary duplex stainless steel and Hastelloy nozzles 

exhibit severe abrasion, crystallization blockage, and stress corrosion cracking after only a few thousand 

hours. In contrast, tungsten alloy nozzles, with their excellent wear and corrosion resistance, mirror-

finish anti- fouling inner walls, and thermal shock resistance, maintain the absorbent droplet size, 

distribution uniformity, and spray density at the optimal window for tens of thousands of hours, ensuring 

a capture efficiency consistently above 95%. They have become the designated material for absorber 

tower nozzles in major national "dual carbon" demonstration projects (such as Huaneng Shidongkou, CR 

Haifeng, and Datang Tuoketuo). 

 

6.5.4 Laser Technology: Tungsten Alloy Nozzles for Auxiliary Cooling 

 

In industrial fiber lasers ranging from hundreds of kilowatts to megawatts, ultrafast 

picosecond/femtosecond laser processing heads, EUV lithography machine light source cooling, and 

laser fusion ignition systems, tungsten alloy nozzles, serving as supersonic gas-assisted nozzles or 

supercritical helium/nitrogen cooling nozzles, are placed directly a few millimeters from the laser focal 

spot, enduring reflected laser light, plasma sputtering, instantaneous thermal shocks of thousands of 

degrees, and ultra-high-speed gas backflow. While ordinary copper or ceramic nozzles instantly ablate 

or shatter, tungsten alloy nozzles, with their ultra-high melting point, excellent resistance to laser 

reflection ablation, dimensional fidelity, and controllable conductivity, ensure perfect stability of the 

cooling gas curtain thickness and velocity even after millions of pulses, completely eliminating laser 

head lens thermal corona and power drift. They have become the core protective nozzles for the world's 

most advanced laser systems, including Trumpf, IPG Photonics, Coherent, ASML EUV light sources, 

and the NIF National Ignition Facility. 
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Chapter 7 Selection, Installation and Maintenance of Tungsten Alloy Nozzles 

 

7.1 Scientific Selection of Tungsten Alloy Nozzles 

 

Tungsten alloy nozzles is never a simple matter of comparing parameter tables. Instead, it requires a 

comprehensive calculation that takes into account factors such as operating temperature, pressure, media 

properties, flow atomization requirements, structural compatibility, and total life cycle cost. 

 

7.1.1 Matching of operating parameters: Adaptation of tungsten alloy nozzle to temperature and 

pressure 

 

Temperature and pressure are the absolute red lines for determining the formulation and surface treatment 

of tungsten alloy nozzles. For operating conditions at room to medium temperatures and within the 

normal pressure range, the most cost-effective tungsten-nickel-iron standard formulation can be 

prioritized. Once the temperature consistently exceeds 1000 degrees Celsius or the instantaneous impact 

exceeds 1500 degrees Celsius, it is necessary to switch to a high-tungsten content, cobalt-strengthened, 

or rare-earth anti-oxidation formulation. Ultra-high pressure conditions require a more continuous 

tungsten skeleton and superior binder toughness, while mandatory boron infiltration or composite 

coatings are needed to combat cavitation and stripping. Sufficient temperature and pressure margins must 

be reserved during selection ; selection based on a "just enough" boundary is unacceptable. Otherwise, 

during long-term full-load operation, throat softening, oxidation, or cavitation will quickly become 

apparent, leading to jet loss and unplanned downtime. The correct approach is to first perform 

temperature field and pressure pulse simulations, and then adjust the formulation one level higher based 

on the worst-case operating conditions to ensure the nozzle always operates within its comfort zone. 

 

7.1.2 Media Characteristics Compatibility: Tungsten alloy nozzles are compatible with corrosive 

media. 

 

The corrosive medium directly determines the survival of the binder phase system. In mild media such 

as neutral gases, pure water, and inert powders, the tungsten-nickel-iron system can easily handle the 

conditions. However, in the presence of strong acids, strong alkalis, seawater, chlorine-containing 

disinfectants, or high-temperature oxygen-containing flames, a switch to a non-magnetic, corrosion-

resistant tungsten-nickel-copper system is necessary, with optimization of the copper content and 

subsequent surface treatment based on the specific medium. High-temperature molten slag, plasma, and 

carbon powder erosion environments require a tungsten-nickel-iron system with rare earth antioxidants 

and boronizing hardening. Pharmaceutical-grade sterile media and ultrapure deionized water 

environments necessitate an ultra-clean, medical-grade tungsten-nickel-copper system with forced 

electrolytic polishing to a mirror finish. Countless historical incidents of "sudden nozzle dissolution," 

"surface blistering and peeling," and "product contamination by precipitated metal ions" all stemmed 

from a mismatch between the medium and the binder phase system. Immersion tests and accelerated 

corrosion verification must be performed before selecting a system; decisions should not be based on 

experience or verbal promises from suppliers. 
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7.1.3 Performance Requirements Matching: Tungsten Alloy Nozzle and Flow Atomization 

Adaptation 

 

The required flow rate and atomized particle size determine the throat diameter, cone angle design , and 

expansion section length. For cutting and cleaning applications with high flow rates and low atomization 

requirements, a straight-hole or short Laval structure can be used, allowing for a relatively flexible throat 

diameter. For thermal spraying and fuel combustion with medium flow rates and high atomization 

requirements, a classic Laval type must be used, with the throat diameter and expansion angle precisely 

optimized through CFD. For applications requiring ultra-fine atomization, such as drug inhalation, chip 

dispensing, and EUV light source cooling, a micro-throat diameter, multi-stage flow stabilization, and 

supersonic expansion composite structure is required, with throat tolerances controlled at the sub-micron 

level. For cold spraying and supersonic cleaning with extremely high particle velocities, an ultra-long 

Laval structure combined with an inner wall micro-texture and a low-friction coating is necessary. A 

single nozzle cannot simultaneously satisfy both high flow rates and ultra-fine atomization; forcing a 

single nozzle to meet both will only lead to insufficient flow, excessive back pressure , or overly coarse 

atomization, ultimately resulting in a drastic reduction in pump system lifespan or loss of process quality 

control. Before selection, priorities must be clearly defined: is flow rate or atomization the primary 

concern? Then, the throat geometry should be precisely customized around the core requirements. 

 

7.1.4 Structural Type Selection: Tungsten Alloy Nozzle Structure and Scene Adaptation 

 

The structural form directly determines the ease of installation and maintenance costs. Threaded direct-

connection integrated designs are suitable for thermal spraying and plasma welding scenarios with ample 

gun space and low nozzle-changing frequency ; quick-change bayonet designs are specifically designed 

for workstations requiring second-level nozzle changes, such as waterjet cutting, cleaning, and 3D 

printing ; welded or brazed flange designs are used for permanently fixed high-temperature components 

such as combustion chambers and gasifiers; multi-throat array integrated designs are specifically 

developed for large-area uniform spraying in chip packaging, carbon capture and absorption towers, and 

LED mass transfer; and integrated water-cooling jacket designs are used for laser processing heads of 

hundreds of kilowatts and high-heat-load environments. Choosing the wrong structure can lead to 

anything from time-consuming and laborious installation to complete incompatibility. Historically, the 

most common selection failures have occurred when "performance parameters are perfectly matched, 

but the physical structure doesn't fit." When selecting a model, it is essential to first confirm the gun body 

interface type, installation space, nozzle-changing frequency , and whether water cooling is required 

before deciding on the appropriate structure. Performance should never be considered while ignoring 

physical compatibility. 

 

7.1.5 Avoiding Common Selection Mistakes: Analysis of Common Issues in Tungsten Alloy Nozzle 

Selection 

 

The five most fatal misconceptions in nozzle selection must be completely avoided: First, focusing solely 

on the lowest unit price while ignoring the total lifespan cost results in purchasing cheap, short-life 
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nozzles that need replacing a dozen times a year, ultimately leading to the highest overall cost. Second, 

forcing standard formulations into extreme operating conditions, thinking it will "save on selection fees," 

only to pay the heavy price of complete line downtime and quality incidents. Third, blindly pursuing the 

smallest throat diameter leads to severely insufficient flow and soaring back pressure , significantly 

shortening the lifespan of pumps and pipelines . Fourth, ignoring installation torque, sealing methods, 

and coaxiality requirements renders even the best nozzle useless if installed incorrectly , causing jet 

deviation and premature gun damage. Fifth, purchasing large quantities of new media or processes 

without conducting small-batch verification leads to losses of hundreds of thousands of dollars due to 

batch scrapping and line downtime if the formulation or surface treatment is incompatible . The correct 

approach is to first purchase 3-5 nozzles for accelerated life verification of over 2000 hours to ensure 

perfect temperature, pressure, media, flow, atomization, and installation compatibility before scaling up 

purchases, and to ensure the same batch of powder and process is used. This method, while seemingly 

slow, is actually the fastest, most economical, and safest. The scientific selection of tungsten alloy nozzles 

is essentially a systematic project that transforms "expensive" into "value." Only by thoroughly 

understanding the operating conditions and avoiding common pitfalls can a nozzle truly reach its 

theoretical lifespan. 

 

7.2 Installation and Adjustment of Tungsten Alloy Nozzles: Key Points for Precision Assurance 

 

a tungsten alloy nozzle is, if there is a coaxiality deviation of 0.01 mm or a torque error of 5 N·m during 

installation, its actual performance will be immediately halved, or even rendered unusable on the spot. 

True leading users have long since solidified installation and debugging as a "second manufacturing" 

process with the same stringent requirements as nozzle manufacturing, and any careless operation is 

regarded as a serious quality accident. 

 

7.2.1 Pre-installation preparation: Tungsten alloy nozzle inspection and accessory compatibility 

 

Upon opening the box, immediately follow the "five checks and three no-packing" rule: Check if the 

vacuum bag is intact and if the desiccant has changed color; check if there are any bumps, chips, or 

peeling coatings on the nozzle surface; check if the laser marking and QR code are clear; check if the 

accompanying material report, dimensional inspection report, and jet performance factory curve are 

complete; and check if all the special accessories, such as sealing rings, guide sleeves, and torque 

wrenches, are present. Then, wearing powder-free nitrile gloves, the nozzles and all contact parts are 

cleaned a second time using anhydrous ethanol and ultrasonic cleaning. After drying with nitrogen, they 

are immediately temporarily stored under vacuum. The sealing ring material must be reconfirmed 

according to the medium (fluororubber for normal conditions, perfluoroether for high temperature , and 

Kalrez for ultra-clean environments ).  

 

7.2.2 Core Installation Specifications: Tungsten Alloy Nozzle Positioning and Sealing Technology 

 

Tungsten alloy nozzles must strictly adhere to the principles of "three no-hard contact, two-step pre-

tightening, and three-step torque setting." The nozzle end face, conical surface, and outer circle must not 
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come into direct hard contact with the gun body metal. High-precision PEEK or Invar guide sleeves must 

be used for isolation to prevent micron-level impacts and stress concentration. 

 

The threaded connection is completed in three steps: First, hand-tighten until it fits snugly without gaps; 

second, use a calibrated torque wrench to tighten to 80% of the target value, let it stand for five minutes 

to release stress; third, tighten to 100% of the target torque, with the error controlled within ±5%. 

 

For quick-change bayonet structures, a clear double "click" sound must be heard, and the locking depth 

must be verified using a special gauge. 

 

Sealing methods are classified according to pressure: for normal pressure, use O-rings + anti-extrusion 

rings; for high pressure, use metal C-rings or lens gaskets; for ultra-high pressure, use metal Δ-rings + 

double O-rings as backup. It is strictly forbidden to use PTFE tape or liquid sealant to prevent fragments 

from entering the throat and causing instantaneous blockage. 

 

7.2.3 Installation accuracy control: Coaxiality and perpendicularity calibration of tungsten alloy 

nozzles 

 

Coaxiality and perpendicularity are crucial to the directionality of the jet; cutting deviation or uneven 

coating will magnify these factors. 

 

Water jet and cleaning gun: Use a 0.001 mm lever dial indicator with a V-shaped reference block to 

measure the runout of the nozzle outer circle relative to the gun body axis and the perpendicularity of the 

end face. The qualified standard is runout ≤ 0.01 mm and perpendicularity ≤ 0.008 mm. Coaxial powder 

feeding gun for thermal spraying and laser cladding: Use a laser tracker or a high-precision PSD spot 

analysis system to measure the coincidence of the powder beam /air curtain focus and the laser focus ≤ 

30 μm. Multi-throat array nozzle: Use an optical image measuring instrument or white light 

interferometer to scan each hole to ensure that the parallelism of all throat axes relative to the mounting 

reference surface is ≤ 0.01°. 

 

Any deviation from tolerance must be immediately removed and repositioned; "good enough" is never 

permitted. After calibration, use an anti-loosening marker to make a clear mark at the junction of the 

threads and the gun body to prevent loosening during operation. 

 

7.2.4 Core debugging process: Calibration of tungsten alloy nozzle flow and pressure 

 

The commissioning process strictly follows the three-stage method of "low-pressure running-in, 

medium-pressure calibration, and high-pressure setting." In the first stage, the system is run at 30%–40% 

of rated pressure for at least half an hour, focusing on listening for any abnormal whistling, observing 

for any micro-leakage, and using thermal imaging to check for uniform temperature rise. In the second 

stage, the pressure is increased to 70% of rated pressure, and the actual flow curve is measured using a 

metrologically certified standard flow meter and pressure transmitter. This curve is compared with the 
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nozzle's factory report; if the deviation exceeds 3%, the system must be stopped and reinstalled. In the 

third stage, the system is run stably at 100% rated pressure for at least one hour. Simultaneously, high-

speed photography or laser sheet imaging is used to capture the jet divergence angle, a thermal imager is 

used to monitor the external wall temperature rise, and a sound level meter is used to monitor the noise 

spectrum, ensuring that all parameters fall within the optimal window of the factory curve. 

 

7.2.5 Installation, Commissioning and Acceptance: Performance Verification Standards for 

Tungsten Alloy Nozzles 

 

The final acceptance process adheres to the "six musts and six no-tolerance" ironclad rules: The system 

must ensure continuous full-load stable operation for at least two hours; the measured flow rate, atomized 

particle size (or slit width), and divergence angle must all meet the standards; thermal imaging must show 

no localized hot spots, any visible leaks, abnormal vibrations, or whistling; optical methods must be used 

to reconfirm that coaxiality, perpendicularity, and focal overlap are still within acceptable ranges; the 

uniformity of jet/ powder coverage and batch consistency must be verified; and the "Nozzle Installation, 

Commissioning, and Acceptance Record" must be jointly signed by the operator, process engineer, and 

quality manager. 

 

The meticulous installation and commissioning process ensures that tungsten alloy nozzles truly translate 

from "theoretical perfection" to "on-site perfection." The final performance of a nozzle is 70% 

determined by manufacturing and 30% by installation and commissioning. 

 

7.3 Daily maintenance of tungsten alloy nozzles 

 

tungsten alloy nozzles are known for being "almost indestructible," "almost" does not equate to 

"completely indestructible." Under the most demanding operating conditions, even minor deterioration 

in throat geometry and surface condition can be amplified into process malfunctions. True longevity is 

not achieved by the material itself, but by systematic, scientific, and almost obsessive routine 

maintenance that keeps the rate of degradation below theoretical limits. 

 

7.3.1 Key points for regular inspection: Wear and corrosion detection of tungsten alloy nozzles 

 

Regular inspections are crucial for managing the lifespan of tungsten alloy nozzles. This must be done 

daily (appearance check, weekly throat measurement, monthly full-dimensional inspection, quarterly 

metallographic fracture analysis). Daily after-shift inspections should include visual inspection with a 

10x magnifying glass for chipping at the throat, damage to the end face, and abnormal adhesion to the 

inner wall. Weekly measurements of throat diameter and roundness should be taken using a dedicated 

optical throat measuring instrument or endoscope; any enlargement must be recorded and compared with 

historical curves. Monthly after shutdown, a full-dimensional remeasurement of the cone angle, 

expansion section profile, and coaxiality should be performed using a coordinate measuring machine or 

white light interferometer; any trend of drift should be immediately alerted. Quarterly, a randomly 

selected nozzle section should be analyzed using metallography and scanning electron microscopy to 
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observe for microcracks in the tungsten framework, selective corrosion of the binder phase, and peeling 

of the surface coating. 

 

7.3.2 Cleaning and Maintenance Standards: Tungsten Alloy Nozzle Clog Cleaning and Surface 

Maintenance 

 

Tungsten alloy nozzles are most susceptible to dirt, followed by abrasion. Cleaning and maintenance 

should adhere to the ironclad rule of "prevention first, treatment second, and never scrape hard." 

Immediately after daily shutdown, use dry, high-pressure nitrogen to purge in both directions to 

thoroughly remove residual powder, liquid, and crystals. Perform a three-stage circulation cleaning once 

a week using ultrasonic, vacuum pure water, and isopropanol to completely remove soluble salts and 

organic matter. For minor adhesion or scaling, first gently wipe with a dedicated soft nylon brush and 

neutral detergent, then use plasma cleaning or CO₂ snow spray to remove stubborn residues. Never use 

steel wool, hard scrapers, or strong acids or alkalis directly on the nozzle. If the surface coating shows 

localized scratches or slight peeling, immediately stop using the nozzle and return it to the manufacturer 

for repair; never operate it with damage. All cleaning tools, solvents, and purging gases must be dedicated 

to specific nozzles to prevent cross-contamination. Proper cleaning and maintenance can reduce the 

probability of clogging and surface degradation to near zero. 

 

7.3.3 Maintenance Cycle Determination: Tungsten Alloy Nozzle Maintenance Plan Based on 

Operating Conditions 

 

Maintenance cycles are not determined arbitrarily, but are tiered based on the severity of operating 

conditions. Mild conditions (pure water cleaning, low-temperature spraying, no corrosive media) require 

daily visual inspection, weekly throat measurement, and monthly full-dimensional inspection. Moderate 

conditions (including abrasive waterjet, conventional thermal spraying, and neutral slurry) require daily 

purging, daily throat quick inspection, weekly ultrasonic cleaning, and monthly metallographic sampling. 

Extreme conditions (high-temperature plasma, slag-containing gasification furnaces, and highly 

corrosive absorption towers) require twice-daily purging, throat measurement per shift, daily ultrasonic 

cleaning, weekly cross-section metallographic examination, and monthly mandatory rotation off-line 

maintenance. Different workstations on the same production line can have different cycles, but all cycles 

must be written into the work instructions and enforced. Leading users have fully integrated maintenance 

cycles with equipment inspection schedules, downtime plans, and spare parts inventory, creating a 

positive cycle where "the more severe the operating conditions, the more frequent the maintenance, and 

the longer the lifespan." 

 

7.3.4 Management of Consumable Parts: Replacement and Stockpiling Strategy for Tungsten Alloy 

Nozzle Parts 

 

Tungsten alloy nozzles themselves have an extremely long lifespan, but peripheral consumable parts 

such as sealing rings, guide sleeves, quick-change bayonets, and integrated water-cooling jackets often 

reach the end of their lifespan first. The management of consumable parts follows the "three fixed and 
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three no's" principle: fixed personnel (dedicated personnel responsible), fixed location (dedicated clean 

cabinet storage), and fixed quantity (monthly consumption + safety stock); no mixing, no shortage, and 

no expiration. Sealing rings are forcibly rotated based on actual usage time and the degree of media 

corrosion; guide sleeves are replaced immediately for every 0.01 mm of wear; and quick-change bayonets 

are forcibly scrapped after every thousand insertions and removals. Water-cooling jackets with scale 

exceeding a certain thickness must be acid-washed or replaced. The inventory strategy adopts a two-

tiered model: "long-term inventory of commonly used specifications and quick response for unused 

specifications." Standard throat diameters and structures are kept in stock for more than one month's 

consumption; special customized specifications are shipped within 48 hours through agreements with 

suppliers. Simultaneously, a four-part rotation system is established: one nozzle offline, one nozzle online, 

one nozzle being cleaned, and one spare, ensuring 100% nozzle availability at all times. Leading users 

have even included tungsten alloy nozzles in their critical spare parts red-list management system, 

automatically triggering procurement and high-level notifications when inventory falls below the safety 

threshold. 

 

Ttungsten alloy nozzles is essentially the final step in translating the material's ultimate performance into 

long-term process stability. Only by being meticulous in inspection, rigorous in cleaning, scientifically 

scheduled, and ensuring spare parts are readily available can a nozzle truly achieve its full, stable, and 

longest possible lifespan value. With proper maintenance, tungsten alloy nozzles are not consumables, 

but rather the most reliable fixed assets on the production line. 

 

7.4 Troubleshooting for Tungsten Alloy Nozzles 

 

Troubleshooting is the last line of defense in the full lifecycle management of tungsten alloy nozzles, and 

it is also a key skill that best reflects a user's professionalism. Only by mastering the complete closed 

loop from diagnosis to repair to prevention can a "fault" be transformed from a "disaster" into a 

"controllable event," minimizing downtime losses and safety risks. Although tungsten alloy nozzles have 

an extremely long design life, they operate under harsh conditions, and any minor anomaly requires 

immediate response. 

 

7.4.1 Common Fault Diagnosis: Analysis of the Causes of Abnormal Flow Rate in Tungsten Alloy 

Nozzles 

 

Abnormal flow rate is the most common and easily detected fault signal in tungsten alloy nozzles. It is 

often not a single problem, but a complex manifestation of multiple causes and effects, usually 

manifesting as a sudden drop in flow rate, gradual decline, unstable fluctuations, or unexpected spikes. 

Diagnosis must proceed step by step, peeling back the layers of the problem from "phenomenon → 

mechanism → root cause," to ensure that no hidden dangers are overlooked. 

 

The most common cause of a sudden drop in flow rate is localized blockage in the throat or flow channel. 

In abrasive waterjet cutting or powder-fed laser cladding , hard particles or powder agglomerate at the 

throat inlet or expansion section, forming an "iceberg effect"—not visible on the surface, but severely 
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blocked internally. Diagnosis begins with an endoscope or high-pressure nitrogen purging to check for 

foreign objects in the throat; if none are found, a laser scan is used to measure whether the throat diameter 

has slightly increased (an early sign of cavitation); then, the upstream filter is checked for blockage or 

fluctuations in pump pressure. Gradual flow rate decay usually stems from deterioration of the inner wall 

roughness or slow throat expansion. Deterioration of roughness is often caused by surface oxidation or 

micro-adhesion; diagnosis requires scanning the inner wall texture changes with a white light 

interferometer; for expansion, a precision pneumatic gauge is used to remeasure the throat diameter and 

roundness. Unstable flow often originates from upstream pressure pulsations or nozzle thermal 

deformation; diagnosis involves recording the back pressure curve with a high-frequency pressure 

transmitter and checking the uniformity of the outer wall temperature rise with a thermal imager. An 

unexpected spike in temperature is often caused by a crack in the throat or peeling of the coating. 

Diagnosis requires immediate shutdown and examination of internal cracks using industrial CT or 

ultrasonic flaw detection. 

 

Multi-cause analysis is key to diagnosis. For example, decreased flow accompanied by increased noise 

usually indicates cavitation bubble collapse leading to throat pitting; flow fluctuations accompanied by 

abnormal temperature rise suggest cooling channel blockage or water cooling failure; flow attenuation 

accompanied by jet divergence indicates slight changes in the expansion section cone angle . The 

diagnostic toolchain must cover endoscopes, white light interferometers, pneumatic gauges, thermal 

imagers, high-frequency pressure recorders, industrial CT scanners, ultrasonic flaw detection, and 

scanning electron microscopy metallographic analysis, forming a complete closed loop "from the outside 

to the inside, from the macro to the micro." Any anomaly must be photographed, archived, batch traced, 

and the supplier notified for joint analysis. Only by thoroughly analyzing flow anomalies from a 

"problem" into a "preventable and controllable mechanism" can nozzle life be extended from "thousands 

of hours" to "tens of thousands of hours." The scientific approach to flow anomaly diagnosis has become 

a hallmark skill for users transitioning from "passive maintenance" to "proactive lifespan management." 

 

7.4.2 Troubleshooting: Repair Solution for Wear and Leakage of Tungsten Alloy Nozzles 

 

Wear and leakage are the two most stubborn core failures of tungsten alloy nozzles. The former leads to 

throat enlargement and jet divergence, while the latter causes flow control failure and safety hazards. The 

solution must start from three dimensions: "rapid damage control + thorough cure + preventive upgrade" 

to ensure that the nozzle performance is fully restored or even exceeds that of the original after repair. 

 

For wear repair, endoscopic laser scanning is used to precisely locate and quantify the wear area: 

intervention is required if the throat diameter is enlarged by more than 0.01 mm. For minor wear, flow 

polishing and electrolytic finishing are used: the nozzle is immersed in a special polishing solution, and 

a small amount of material is removed from the inner wall under the assistance of high-frequency current, 

the throat diameter is precisely finished to its original size, and the surface roughness is restored to mirror 

level. For moderate wear, tungsten alloy-specific laser remelting repair is required: the wear layer is 

melted with a pulsed laser and then solidified to form a dense, non-porous new surface; the hardness and 

wear resistance after repair are even higher than the original. For severe wear, the nozzle is replaced 
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directly, but a section of the old nozzle is retained for metallographic analysis to find the cause of 

accelerated wear (such as excessively hard abrasive, improper angle, or insufficient cooling). All repaired 

nozzles must be recalibrated to full dimensions and validated for jet flow before reuse. 

 

Leak repair falls into two main categories: sealing leaks and body leaks. Sealing leaks are often caused 

by aging O-rings or insufficient installation torque. The solution is to replace the O-rings with higher-

grade ones (such as FFKM perfluoroether ) and reinstall them using a torque calibrator, ensuring a torque 

error of ≤5%. Body leaks typically originate from microcracks or interconnected cavitation pits. Repair 

involves tungsten alloy brazing filling followed by surface remelting: first, high-purity tungsten wire or 

a special brazing filler metal is used to fill the cracks, then laser remelting is performed to seamlessly 

fuse the repaired area with the substrate. After repair, double verification using a helium mass 

spectrometer leak detector and a high-pressure holding test is required; only after zero leakage can the 

repair be released. 

 

The ultimate principle for resolving core faults is "fix once, eradicate a class": every instance of wear or 

leakage must trigger an 8D report and process closed-loop improvement, analyzing the root cause (such 

as uneven abrasive particle size leading to abnormal erosion, insufficient cooling flow leading to 

localized cavitation), optimizing prevention (such as adding upstream filters, upgrading water cooling 

circulation), and upgrading nozzles (such as thickening the throat wall, switching to DLC coating). Only 

by completely transforming faults from "passive firefighting" to "proactive evolution" can the lifespan 

of tungsten alloy nozzles move from "thousands of hours" to the new industrial norm of "tens of 

thousands of hours." The maturity of the core fault resolution system also gives users absolute confidence, 

transforming them from "fearing faults" to "not fearing faults even when they occur." 

 

7.4.3 Extreme Failure Handling: Measures for Treating Cracks and Deformation of Tungsten Alloy 

Nozzles 

 

Cracking and deformation are the most extreme and dangerous failure modes of tungsten alloy nozzles. 

Cracking often leads to sudden jet loss of control and high-pressure leakage, while deformation causes 

the throat geometry to collapse and process parameters to become completely ineffective. The response 

must adhere to the ironclad principle of "safety first, loss mitigation second, repair third, and radical cure 

fourth ." Any delay could result in equipment damage and personal injury. 

 

For cracking, the first step is to immediately shut down the machine, isolate the affected area, and 

depressurize and vent the medium to ensure there are no high-pressure hazards on site. Then, use an 

endoscope and industrial CT scan to locate the crack's position, depth, and propagation path. The crack 

type (thermal fatigue crack, cavitation crack, hydrogen embrittlement crack) is quickly determined 

through metallographic analysis of the fracture surface. Minor surface cracks can be repaired on-site with 

laser remelting: a pulsed laser melts the cracked area and then solidifies it to form a new, non-porous 

surface, restoring the original strength. Moderate cracks require return to the factory for brazing and hot 

isostatic pressing (HIP) repair. First, a special tungsten wire is used to fill the crack, followed by high 

pressure and high temperature to eliminate internal stress. Severe cracks are scrapped, but sections are 
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retained for detailed FMEA analysis. For deformation, the focus is on dimensional restoration: minor 

deformation is corrected using precision fixtures and low-temperature annealing; moderate deformation 

requires HIP reshaping; and severe deformation is also scrapped and traced back to its original condition. 

 

The true value of extreme failures lies in their ability to provide a comprehensive and effective solution: 

every crack or deformation necessitates the activation of a cross-departmental joint investigation team. 

This team must examine operating records, media analysis, nozzle history, and installation logs to 

identify the root cause (e.g., hydrogen embrittlement due to instantaneous overpressure, thermal fatigue 

due to cooling failure, or impact cracking due to excessively hard abrasive). Then, preventative measures 

are optimized (e.g., installing upstream pressure buffers, upgrading cooling circuits, or using a higher 

tungsten content formulation) and nozzles are upgraded (e.g., thickening the throat wall, or using a DLC 

coating with molybdenum reinforcement). The maturity of this extreme failure response system 

transforms tungsten alloy nozzles from being "fragile in cracking" to being able to "quickly recover even 

if cracked," giving users absolute confidence in "zero tolerance and zero loss" under the most severe 

operating conditions. 

 

7.4.4 Fault Prevention System: Risk Management Throughout the Life Cycle of Tungsten Alloy 

Nozzles 

 

Full lifecycle risk management is a strategic system that shifts the focus from "treatment" to "prevention" 

of failures . It is based on the principles of "design to prevent risks, zero defects in production, zero 

hidden dangers in use, and zero pollution from disposal," and builds a seamless closed loop from 

selection to scrapping to ensure that the failure probability of a tungsten alloy nozzle is close to zero 

during tens of thousands of hours of service. 

 

Risk mitigation during the design phase: FMEA combined with CFD/finite element multi-field coupled 

simulation is used to identify all potential failure modes in advance (such as throat cavitation, thermal 

stress cracking, and wear-induced cavitation), and double margins are reserved in material proportions, 

flow channel geometry, and surface coatings. Zero defects during the production phase: 100% inspection 

is required after each process (density, dimensions, hardness, microstructure), and anomalies are 

immediately isolated and 8D root cause analysis is triggered. Zero hidden dangers during the usage phase: 

A "digital health record" for the nozzle is established at the user end, monitoring parameters such as flow 

rate, pressure, temperature rise, and noise in real time. AI predictive models provide early warnings of 

wear or cracking signs, and mandatory daily cleaning, weekly inspections, and monthly full testing are 

enforced . Zero pollution during disposal: All scrapped nozzles are recycled, and tungsten alloys can be 

100% melted and remanufactured, resulting in no hazardous waste.The key pillar of risk management is 

the integrated system of "human, machine, material, and environment": human (certified engineers in 

charge throughout the process); machine (automated detection and prediction equipment); material (dual 

backup of nozzles and spare parts inventory); and environment (operating condition monitoring and real-

time feedback of environmental parameters). This system completely transforms the response to failure 

from "firefighting after it occurs" to "nipping it in the bud," and also changes the use of tungsten alloy 

nozzles from "gambling on lifespan" to "calculating lifespan." 
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CTIA GROUP LTD 

High-Density Tungsten Alloy Customization Service 

 

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

production with 30 years of experience. 

 

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

mature technology. 

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

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

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

performance. 

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

100,000+ customers 

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

sports and entertainment and other fields. 

Service commitment 

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

in 30 years! 

 

Contact us 

Email: sales@chinatungsten.com 

Tel: +86 592 5129696 

Official website: www.tungsten-alloy.com 
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Chapter 8 Common Problems with Tungsten Alloy Nozzles 

 

8.1 Common Problems in the Manufacturing of Tungsten Alloy Nozzles 

 

Tungsten alloy nozzles is extremely long and has a very low tolerance for error. Even the slightest lapse 

in control at any stage can leave irreversible and fatal defects in the final product. The vast majority of 

early failure cases worldwide can be traced back to the manufacturing stage where the root cause can be 

found. 

 

8.1.1 Raw material preparation issues: Insufficient purity and excessive impurities in tungsten 

powder 

 

The purity and impurity content of tungsten powder are the "original sin" hidden dangers to the 

performance of tungsten alloy nozzles. Even trace amounts of oxygen, carbon, sulfur, phosphorus, 

molybdenum , alkali metals, etc., will form brittle compounds, low-melting-point phases at grain 

boundaries, or residual pores during the subsequent high-temperature liquid phase sintering stage, 

directly causing the nozzle to crack, peel off, or cavitation perforate prematurely under extreme operating 

conditions. Common root causes include failure to control the dew point of the reducing atmosphere, 

fluctuations in hydrogen purity, excessive circulation of ammonium paratungstate mother liquor, residual 

elements from previous batches in the mixing tank, and secondary oxidation due to moisture absorption 

during tungsten powder storage. The consequences are extremely serious: excessive oxygen forms a 

grain boundary oxide network, causing the nozzle to crack along the grain boundary after only a few 

hundred hours ; excessive carbon forms brittle tungsten carbide, resulting in a sharp drop in toughness, 

and direct chipping under impact from hard particles; phosphorus and sulfur segregation leads to a liquid 

film at the grain boundaries, causing the throat to burn through instantly at high temperatures. Prevention 

relies solely on meticulous, end-to-end purification: sampling is conducted at three points— first, middle, 

and last—for each batch of tungsten powder , using a combination of full-element glow discharge mass 

spectrometry and inert gas melting infrared spectroscopy ; any deviation from internal control results in 

the entire batch being recycled; the reduction furnace boat, mixing tank, and storage bags undergo plasma 

cleaning and vacuum drying; and hydrogen dew point is monitored online throughout the process while 

maintaining deep dryness. Only by making the tungsten powder "cleaner than theoretically required" can 

the nozzles be allowed to operate for extended periods under the most demanding conditions. 

 

8.1.2 Molding process issues: cracking and uneven density of the billet 

 

Cracking and uneven density in the green body are the most fatal "hidden killers" in the molding stage. 

Cracking often occurs at the moment of demolding or in the early stage of pre-firing, and its root causes 

are concentrated pressing stress, obstructed granulator volatilization channels, excessive powder density 

gradient, uneven coating of release agent, or failure of isostatic pressing seal. Uneven density is caused 

by fluctuations in powder flowability, mold wear, design defects in pressure transmission path, or 

fluctuations in isostatic pressing oil temperature. Once cracks form, they may result in surface wrinkles 

or, in severe cases, penetrating cracks, inevitably leading to explosion during sintering. After sintering, 
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uneven density manifests as local low-density areas, becoming a natural starting point for high-pressure 

cavitation and particle erosion, ultimately evolving into a disastrous chain of "pitting → pitting → 

perforation". Prevention must begin at the source: the spray drying temperature of the granulated powder, 

the binder content, and the sphericity of the particles are strictly controlled; molding adopts a two-way 

floating mold + multi-segment holding pressure curve; each cold isostatic pressing bale is checked for 

leaks and weighed, and oil temperature fluctuations are strictly controlled; after each green body is 

demolded, 100% ultrasonic density scanning + weighing is repeated and verified, and any density trough 

or microcracks are immediately traced back to the powder batch and pressing parameters. Only when the 

green body achieves "zero stress and zero density dead zone" can sintering be considered theoretically 

dense. 

 

8.1.3 Problems in the sintering process: Deformation and insufficient density of the sintered body 

 

Sintering is the most perilous leap for tungsten alloy nozzles, transforming them from powder into 

functional bodies . Deformation and insufficient density are the two most likely sources of failure. 

Deformation mainly stems from excessive liquid phase leading to tungsten skeleton collapse, improper 

support boat design , uncontrolled heating and cooling rates, and uneven furnace atmosphere or 

temperature field. Insufficient density arises from low maximum temperature, insufficient holding time, 

excessively high hydrogen dew point, incomplete removal of residual carbon , or incomplete degassing. 

After deformation, the throat coaxiality, cone angle, and expansion section contour are all distorted, and 

even the most precise post-processing cannot salvage the situation. Insufficient density leaves micropores 

or interconnected pores, becoming the starting point for high-pressure cavitation and particle erosion, 

leading to perforation failure within a few hundred hours. Prevention must be extremely precise: each 

furnace loading is 3D simulated with gravity and liquid phase flow, and the support points are 

scientifically distributed; the heating and cooling curves are precisely controlled in more than ten 

segments, especially the cooling rate in the solidification zone of the binder phase is extremely slow; 

hydrogen dew point is used for deep drying throughout the process ; the maximum temperature and 

holding time are precisely graded according to the size of the billet and the length-to-diameter ratio; after 

the furnace is tapped, 100% industrial CT + Archimedes' drainage method is used for double inspection, 

and any furnace that is below the theoretical density limit is refired . 

 

8.1.4 Post-processing issues: Substandard flow channel precision and surface defects 

 

Post-processing is the final leap from "acceptable density" to "perfect function" for the nozzle, but 

substandard flow channel precision and surface defects are the easiest steps to ruin everything. Flow 

channel precision issues often stem from untimely honing rod wear, fixture thermal expansion, 

temperature fluctuations, and insufficient operator experience. Surface defects arise from polishing fluid 

contamination, coating parameter drift, overheating during laser remelting, and residual ions or particles 

during cleaning. Excessive throat diameter and roundness deviations immediately cause cutting skew; 

deviations in the cone angle and expansion section contour lead to complete loss of control over atomized 

particle size and jet divergence angle; surface scratches, coating peeling, or residues cause particle 

adhesion and cavitation initiation points to form instantly. Prevention requires meticulous attention to 
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detail: Honing rods undergo mandatory measurement and re-grinding after every few cycles; all fixtures 

are made of low-thermal-expansion materials; the processing area is under extremely strict temperature 

and humidity control; the polishing slurry is updated daily and filtered to sub-micron levels; the 

PVD/CVD coating adhesion is verified on standard sheets for each batch; the final cleaning water has 

extremely low conductivity; and before leaving the factory, 100% of the nozzles undergo triple final 

inspection using a white light interferometer, pneumatic gauge, and high-definition endoscope. Any flow 

channel deviations or surface defects result in immediate rework. Only when post-processing achieves 

"throat precision exceeding design and surface cleanliness surpassing a mirror" can the tungsten alloy 

nozzle achieve perfect performance right out of the box, even under the most demanding operating 

conditions. 

 

8.2 Common Problems in Tungsten Alloy Nozzle Selection and Adaptation 

 

Selection and mismatch are the most common, most expensive, yet most easily avoided sources of failure 

for users . A perfectly qualified tungsten alloy nozzle, if the wrong ratio, structure, or specifications are 

selected, often results in a worse outcome than buying a substandard product—because it will completely 

collapse at the most critical moment, despite its perfect condition. 

 

8.2.1 Operating condition matching problem: temperature and pressure mismatch with nozzle 

performance 

 

The most common selection disaster is directly using a standard tungsten-nickel-iron nozzle in high-

temperature, high-pressure composite conditions. Users are often misled by the common notion that 

"tungsten alloys are all heat-resistant," ignoring the fundamental difference that the binder phase softens 

rapidly above 800 degrees Celsius and that liquid phase residue leads to throat collapse. The result is that 

the nozzle initially appears normal, but after several hundred hours, it suddenly exhibits rapid throat 

enlargement, jet divergence, or even softening and deformation of the entire nozzle. Another typical 

mistake is using a low-temperature optimized formulation for extreme high-temperature scenarios. While 

the tungsten skeleton is hard, the binder phase oxidizes and ablates prematurely, causing tungsten 

particles to detach and the inner wall roughness to avalanche. The consequences often include the entire 

production line shutting down for several days, damage to pumps, valves, and pipelines, and the 

scrapping of batches of finished products. The correct approach is to list the highest continuous 

temperature, instantaneous impact temperature, highest working pressure, and pressure pulse frequency 

in a table, and then adjust the formulation one level higher based on the worst-case scenario, leaving no 

room for the "just enough" approach. 

 

8.2.2 Structural selection issue: The flow channel type does not match the atomization 

requirements. 

 

Structural mismatch is the second major selection pitfall. The most typical example is using short Laval 

nozzles or straight-hole nozzles for applications requiring ultra-fine atomization and high particle 

velocity. While the flow rate may be sufficient, the atomized particle size is large, the particle velocity is 

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


 

 
COPYRIGHT AND LEGAL LIABILITY STATEMENT 

 

Copyright© 2024 CTIA All Rights Reserved                                                               电话/TEL：0086 592 512 9696  
标准文件版本号 CTIAQCD-MA-E/P 2024版                                                            CTIAQCD-MA-E/P 2018-2024V 

www.ctia.com.cn                                                                                         sales@chinatungsten.com 
第 98 页 共 107 页 

low, resulting in poor coating adhesion, poor drug absorption, and low cold spray deposition efficiency. 

Conversely, using ultra-long Laval nozzles for high-flow cleaning or cutting leads to excessive back 

pressure , a surge in pump load, and exacerbated throat cavitation. Another common mistake is rigidly 

installing multi-throat array nozzles with single-throat nozzle bodies, causing partial throat obstruction 

and uneven coverage; or installing quick-change bayonet nozzles in combustion chambers requiring 

permanent welding, resulting in irremovability and thermal stress concentration. These problems 

essentially involve forcibly substituting seemingly similar structures, ignoring the decisive impact of 

Laval expansion angle, throat length-to-diameter ratio , and steady-flow section design on jet quality. 

When selecting a nozzle, the core requirements must be clearly defined first (flow rate priority or 

atomization priority, velocity priority or uniformity priority), and then the flow channel type must be 

matched one-to-one. Never treat a "general-purpose" nozzle as a universal solution. 

 

8.2.3 Material compatibility issues: Incompatibility between alloy composition and corrosive media. 

 

Material mismatch is the most insidious and devastating selection failure. A typical example is using a 

tungsten-nickel-iron system in strong acid, strong alkali, or high-temperature chlorine-containing 

environments. The result is selective corrosion and dissolution of nickel, leading to the rapid detachment 

of the exposed tungsten framework and leaving the throat riddled with holes within days. Another 

example is using a tungsten-nickel-copper system in high-temperature oxidation flames, where the 

copper phase melts and oxidizes first , causing surface blistering and rapid ablation of the throat. Another 

common mistake is continuing to use nickel-containing systems in pharmaceutical and food-grade 

environments, resulting in the slow release of nickel ions that contaminate products, leading to the recall 

of entire batches of drugs or food. Or, using ordinary industrial-grade surface treatments in nuclear-grade 

clean environments, causing excessive levels of trace extractables and triggering the strictest regulatory 

limits. These problems often appear without warning initially, only to suddenly erupt a few months later, 

resulting in losses often in the millions. The correct approach is to create a complete composition table 

of the medium (including trace ions, pH, temperature, and redox potential), and then conduct immersion 

and electrochemical corrosion tests on each medium in proportions to tungsten-nickel-iron, tungsten-

nickel-copper, ultra-clean medical-grade, and non-magnetic grades. Any abnormalities should be 

immediately ruled out of the corresponding system. 

 

8.2.4 Specification Selection Issues: Mismatch Between Orifice Diameter Parameters and Flow 

Rate Requirements 

 

Misalignment of the throat diameter is a common, basic mistake made by users and easily misled by 

salespeople. The most typical example is blindly pursuing the "smallest throat diameter is best," resulting 

in a small throat but excessively high back pressure that the pump cannot handle, leading to severely 

insufficient flow. Alternatively, choosing an excessively large throat diameter to ensure flow results in 

completely uncontrolled jet velocity and atomized particle size, causing a sharp drop in cutting efficiency 

and a collapse in coating quality. Another common mistake is ignoring the influence of the length-to-

diameter ratio and expansion angle. Even with the same throat diameter, different expansion section 

designs result in completely different jet divergence angles and particle velocities. Or, directly applying 
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the throat diameter parameters of thermal spray nozzles to waterjet cutting leads to surface roughness 

exceeding standards by tens of times. A hidden error is the accumulation of throat diameter tolerances 

between different batches of nozzles , causing uneven flow and loss of consistency when multiple nozzles 

are connected in parallel. Essentially, these problems all treat the "throat diameter" as the sole 

determining parameter, ignoring the complex coupling relationship between throat diameter, back 

pressure , flow rate, atomized particle size, and jet divergence angle. The correct approach is to first 

determine the target flow rate and atomized particle size, then precisely select the nozzle using the throat 

diameter- pressure-flow rate three-dimensional curve provided by the supplier , leaving a 10-15% flow 

rate margin, and finally ensuring that the throat diameter tolerance of the same batch is controlled within 

the narrowest possible range. Only by transforming the orifice diameter from an "approximate value" 

into a "precise solution" can the tungsten alloy nozzle truly achieve its theoretical performance. 

 

Any mistake in selection and compatibility is not a "minor issue," but a "suicidal operation" that turns a 

perfect nozzle into scrap metal. True top users have long since made the selection process a closed loop 

of "verification first, then purchase, then scale up, and lock in forever," while ordinary users are still 

paying the price for impulsive purchases based on "cheap prices at the time" or "the salesperson said they 

could all be used." 

 

8.3 Common Problems in the Installation and Use of Tungsten Alloy Nozzles 

 

Even the highest quality tungsten alloy nozzles, once they enter the field, the vast majority of early 

failures are not due to manufacturing defects, but rather to the installation and usage stages. Any 

seemingly minor operational deviation or management oversight is enough to shorten their theoretical 

lifespan by half, or even lead to catastrophic consequences. 

 

8.3.1 Installation and operation issues: positioning deviation and inadequate sealing 

 

Positioning deviation and poor sealing are the most common and directly impactful installation problems 

on site. Positioning deviation stems from operators relying on feel or tightening with ordinary wrenches, 

causing nozzle outer circle runout, end face tilting, and deviation of the throat axis from the gun body 

axis. This leads to jet deflection and unbalanced recoil force, rapidly exacerbating gun body fatigue and 

throat wear . Poor sealing often arises from incorrect sealing ring material selection, twisting or omission 

during installation, missing anti-extrusion rings, particles or scratches on the sealing surface, and uneven 

pre-tightening force due to insufficient or excessive torque. Under high pressure, media leakage along 

the sealing surface can result in either uncontrolled flow or, in severe cases, instantaneous high-pressure 

jets that can injure personnel or damage surrounding equipment.  

 

8.3.2 Problems caused by improper debugging: inaccurate flow and pressure calibration 

 

Carelessness in the commissioning process is a quick way to ruin a perfect nozzle . The most common 

problem is starting the machine directly at the rated pressure, ignoring the low-pressure break-in period, 

causing residual assembly stress and microscopic defects to expand instantly under the first high-pressure 
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impact. Another typical error is relying solely on the pump station gauge pressure without actually 

measuring the nozzle's back pressure and flow rate, resulting in parameters that appear normal while the 

actual flow rate deviates significantly. Inconsistencies between the medium temperature and actual 

operating conditions, inconsistent commissioning and production shift standards, and failure to perform 

segmented pressure increases and record complete curves as required can also lead to hidden problems 

in the throat geometry and surface condition during the commissioning phase. The essence of improper 

commissioning is to simplify the precision calibration process, which should be considered a "second 

manufacturing," into "as long as it can spray when powered on," causing the nozzle to deviate from the 

design working window from the very first minute. 

 

8.3.3 Operating condition adaptation issue: Performance degrades too quickly under extreme 

environments. 

 

Many users find that nozzle life is far shorter than expected under extreme operating conditions, unaware 

that this is because the "operating margin" left during selection is completely consumed by excessive on-

site operations. Sudden temperature shocks exceeding the mixing ratio's tolerance limits, pressure 

pulsations exceeding design tolerances, the sudden introduction of undeclared highly corrosive 

components into the medium, and abrasive hardness or particle size exceeding the original verification 

range can all cause nozzles that were originally designed for tens of thousands of hours of service to 

experience drastic softening, cavitation spalling, or selective corrosion in a short period. The root cause 

of this rapid performance degradation lies in users treating tungsten alloy nozzles as a material 

"unconditionally resistant to extreme conditions," rather than recognizing them as precision components 

that only exhibit excellent performance within clearly defined temperature-pressure-medium boundaries. 

 

8.3.4 Collaborative Operation Issues: Insufficient Compatibility with Supporting Equipment 

 

Tungsten alloy nozzles are never isolated entities; they form a highly coupled whole with pumps, valves, 

pipelines, nozzle bodies, filtration systems, and cooling circuits. Insufficient compatibility commonly 

manifests as: excessive upstream pressure pulsation leading to continuous water hammer; insufficient 

filtration accuracy allowing hard foreign objects to reach the throat; uncontrolled cooling water flow or 

temperature causing localized overheating; insufficient nozzle rigidity causing fretting wear on the 

nozzle sealing surface; and uneven resistance in parallel pipelines leading to significant differences in 

actual flow rates among nozzles. These problems are often mistakenly attributed to "nozzle quality 

issues," but in reality, they stem from a failure to consider the nozzle as the most vulnerable and 

demanding component in the system design, thus failing to apply reverse constraints to the supporting 

equipment. Systemic defects such as the lack of a pressure-stabilizing accumulator in the pump, ungraded 

filtration, insufficient nozzle rigidity, and lack of independent temperature control in cooling systems 

will continuously and subtly shorten the nozzle's lifespan. The essence of insufficient compatibility in 

collaborative operation is treating tungsten alloy nozzles as "consumables that can be freely matched," 

rather than prioritizing their requirements as the core principle for configuring the entire system. 

 

Any problems during installation and use can instantly turn even the finest tungsten alloy nozzles into 
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expensive scrap metal. Users who truly achieve long lifespans have already made installation and 

commissioning a closed-loop process as rigorous as manufacturing. Behind most early failures, there's 

often just a casual remark on-site: "That's how we always install them," or "It'll be fine as long as it's 

good enough." The true lifespan of a tungsten alloy nozzle is never determined by the factory, but by on-

site discipline. 

 

8.4 Common Problems in the Maintenance and Troubleshooting of Tungsten Alloy Nozzles 

 

Maintenance and troubleshooting are the last line of defense in the lifecycle of tungsten alloy nozzles, 

but they are also the weakest links that are most easily overlooked and most likely to turn "controllable 

degradation" into "catastrophic failure." Many users spend a lot of money to buy top-of-the-line nozzles 

in the first half of the lifecycle, but in the second half, due to careless maintenance, hasty diagnosis, and 

hesitation in troubleshooting, they turn a nozzle that could have served for tens of thousands of hours 

into a piece of junk that only lasts for a few hundred hours. 

 

8.4.1 Problems caused by improper maintenance: incomplete cleaning and oversights in inspection 

 

Incomplete cleaning and oversight in inspection are the most common and insidious slow poisons in 

maintenance. The most typical example is simply blowing the machine out with ordinary compressed air 

after shutdown. Residual abrasive particles, crystalline salts, and semi-molten powder adhere to the inner 

wall over time, gradually forming a hard shell that eventually blocks the throat or becomes the starting 

point for cavitation. Another common oversight is cleaning only the visible throat and end face, 

neglecting the deep areas of the expansion section and the back of the sealing surface, leading to 

increasingly thick local scale buildup and a slow, unexplained decrease in flow rate. Oversight in 

inspection is even more fatal: only checking the appearance daily without measuring the throat diameter, 

measuring only once a week without recording historical curves, and skipping the monthly full-size retest 

due to "busy production." The result is slow throat enlargement and gradual expansion of surface 

microcracks; by the time they are discovered, the repair window has already been exceeded, and the 

entire machine must be scrapped. These problems essentially stem from treating maintenance as 

"dispensable cleaning" rather than "precision work that determines lifespan." Proper maintenance must 

be carried out through a closed-loop process that is mandatory, documented, and traceable. Any "good 

enough" or "I'll do it next time" mentality will ultimately be punished mercilessly by the working 

conditions. 

 

8.4.2 Wear and Corrosion Problems: Abnormal wear and severe localized corrosion. 

 

Abnormal wear and localized corrosion are often not problems with the materials themselves, but rather 

the combined consequences of uncontrolled maintenance and operating condition management. Typical 

abnormal wear manifests as a crescent-shaped deep pit on one side of the throat or abnormal roughness 

in a section of the expansion segment. The root causes are usually upstream filter failure leading to large 

particles entering directly, jet angle deviation causing uneven wear, and uneven cooling leading to 

localized cavitation. Localized corrosion is more insidious: annular corrosion grooves appear near the 
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sealing surface, pitting corrosion appears on the end face, and selective dissolution occurs at the throat 

inlet. The culprits are often aging and leakage of the sealing ring leading to media retention, residual 

cleaning fluid causing galvanic corrosion, and failure to dry in time during downtime leading to 

concentrated moisture corrosion. Another type of serious incident is the localized peeling of the surface 

coating, which accelerates substrate corrosion. Once the DLC or boronized layer detaches, the exposed 

binder phase will be selectively dissolved within days, and the corrosion pit will rapidly expand into 

perforation. These problems appear to be "nozzle malfunctions," but in reality, they represent a complete 

failure in maintenance and monitoring. Only by treating abnormal wear and localized corrosion as 

"systemic accidents" rather than "nozzle problems" can their recurrence be truly prevented. 

 

8.4.3 Fault Diagnosis Issues: Misjudgment of Abnormal Flow and Leakage Causes 

 

Misdiagnosis is the culprit behind turning minor issues into major problems. A typical example is 

suspecting nozzle wear and enlargement after a flow drop, when the actual cause is a clogged upstream 

filter or reduced pump output. Or, replacing the nozzle immediately after discovering a leak reveals that 

an aging seal is the real culprit, wasting an expensive nozzle. Another common misdiagnosis is treating 

cavitation pitting as ordinary wear, performing only surface polishing repairs. However, the root cause 

of cavitation (pressure pulsation, excessive gas content) remains, and the repair layer peels off again after 

a few days . Even more serious is misdiagnosing selective corrosion of the binder phase as "surface 

scratches," continuing to use the nozzle with the problem, eventually leading to corrosion and perforation 

of the entire nozzle. The essence of misdiagnosis is a lack of systematic thinking and professional tools, 

relying on experience, intuition, or the assumption that "it's always been like this." Correct diagnosis 

requires a complete chain of steps: "phenomenon recording → multi-instrument measurement → step-

by-step elimination → metallographic verification." Any skipped step or assumption can turn a repairable 

minor problem into a major accident that renders the entire nozzle unusable. 

8.4.4 Replacement and Upgrade Issues: Untimely replacement of vulnerable parts and mismatched 

models 

 

Delayed replacement of vulnerable parts and mismatched parts are among the most painful and basic 

maintenance mistakes. Typical scenarios include: sealing rings that are clearly aged and cracked but are 

kept in service because they are "still usable," ultimately leading to high-pressure leaks that destroy the 

nozzle and gun body; guide sleeves worn and causing excessive coaxiality but not replaced, resulting in 

sudden breakage of the throat after months of uneven wear . Mismatched parts are even more fatal: 

installing fluororubber rings under high-temperature conditions causes instant carbonization; using 

ordinary industrial-grade nozzles as medical-grade nozzles leads to excessive ion release; forcibly 

installing old quick-change nozzles into new gun bodies causes jamming and irremovability. Another 

type of hidden mistake is replacing only the nozzle during upgrades without replacing the matching seals 

and guide sleeves. New, high-precision nozzles are paired with aged, low- precision vulnerable parts, 

resulting in a shorter lifespan than before. These problems essentially stem from treating tungsten alloy 

nozzles as "independent components" rather than "system components," ignoring the decisive influence 

of peripheral vulnerable parts such as sealing rings, guide sleeves, quick-change bayonets, and cooling 

jackets on nozzle lifespan. The correct replacement and upgrade must follow the ironclad rule of "replace 
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all when replacing, upgrade all when upgrading": when replacing nozzles, all contact parts, seals and 

guide parts must be updated to the latest matching version at the same time. You must never put old wine 

in new bottles. 

 

Any problem in maintenance and troubleshooting is not a "minor issue," but rather a "slow suicide" of 

turning a tungsten alloy nozzle with an extremely long theoretical lifespan into a short-lived consumable. 

True long-life users have long regarded maintenance as a core process of equal importance to production. 

 

 

 

 

CTIA GROUP LTD tungsten alloy nozzles 

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


 

 
COPYRIGHT AND LEGAL LIABILITY STATEMENT 

 

Copyright© 2024 CTIA All Rights Reserved                                                               电话/TEL：0086 592 512 9696  
标准文件版本号 CTIAQCD-MA-E/P 2024版                                                            CTIAQCD-MA-E/P 2018-2024V 

www.ctia.com.cn                                                                                         sales@chinatungsten.com 
第 104 页 共 107 页 

Appendix A: Chinese Tungsten Alloy Nozzle Standard 

 

China's standard system for tungsten alloy nozzles has formed a complete framework, primarily based 

on national standards (GB/T series) and supplemented by industry standards (HG/T, JB/T, YY/T series), 

covering the entire chain of aspects including material composition, manufacturing processes, 

performance requirements, testing methods, quality control, and environmental compliance . These 

standards were jointly formulated by the State Administration for Market Regulation (SAMR) and 

relevant industry associations, aiming to ensure the safe and efficient application of tungsten alloy 

nozzles in fields such as thermal spraying, waterjet cutting, laser cladding, and industrial cleaning. 

 

GB/T 3458-2016, "Tungsten-based High-Density Alloys," is a fundamental standard that specifies the 

chemical composition range, density uniformity, mechanical properties, and microstructure requirements 

for tungsten alloys used in nozzles. It is applicable to material selection for nozzles used in thermal 

spraying and high-pressure cleaning. GB/T 4185-2017, "Tungsten Powder for Hard Alloys," extends to 

specifications for tungsten powder specifically for nozzles, emphasizing purity and particle size 

distribution control during the reduction process to ensure the density of the nozzle throat. While HG/T 

2077-2017, "Technical Conditions for Tungsten Alloy Fishing Sinks," is geared towards civilian use, its 

corrosion resistance and surface treatment clauses have been adopted for industrial nozzle standards. 

Industry-specific standards such as JB/T 12778-2017, "Technical Conditions for High-Density Alloy 

Wear-Resistant Balls," are applicable to the wear resistance verification of nozzles, while YY/T 1636-

2019, "Technical Requirements for Medical Tungsten Alloy Collimators," specifies the biocompatibility 

and radiation shielding performance of medical-grade nozzles. In terms of environmental protection, 

GB/T 33357-2016 "Determination of Heavy Metal Migration in Tungsten Alloy Products" ensures zero 

pollution risk for nozzles in food and pharmaceutical cleaning. 

 

These standards emphasize end-to-end traceability and third-party certification. Manufacturers must pass 

ISO 9001 quality system audits, and nozzles must be accompanied by batch reports and performance 

curves upon leaving the factory. The rigor and forward-looking nature of China's standards system give 

tungsten alloy nozzles a significant competitive advantage when exported to European and American 

markets. 

 

Appendix B International Standards for Tungsten Alloy Nozzles 

 

International standards for tungsten alloy nozzles are led by ASTM International and ISO, focusing on 

material specifications, testing methods and application guidelines to form a globally unified benchmark 

framework, ensuring the interoperability and reliability of nozzles in cross-border processes such as 

thermal spraying, waterjeting, and laser processing. 

 

ASTM B777-20, "Standard Specification for Tungsten-Based High-Density Alloys," is a core standard 

that details the composition range, density consistency, tensile strength, hardness, and high-temperature 

performance of tungsten alloys used in nozzles. It is applicable to industrial spraying and cutting nozzles. 

ASTM F3049-14, "Specification for Additive Manufacturing Processes of Tungsten Alloys," extends to 
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3D-printed nozzles, emphasizing powder purity and sintering density. ISO 9001:2015, "Quality 

Management Systems," serves as a general framework to ensure full-process control of nozzle 

manufacturing. ISO 13485:2016, "Quality Management Systems for Medical Devices," is applicable to 

medical cleaning and drug atomization nozzles, highlighting biocompatibility and cleanliness 

requirements. ISO 683-17, "Specification for High-Density Alloy Bearings and Tool Components," is 

adapted for nozzle wear resistance verification. 

 

These standards, maintained by the International Organization for Standardization (ISO) and the 

American Society for Testing and Materials (ASTM), emphasize third-party certification (such as UL 

and TÜV) and align with RoHS and REACH environmental regulations to ensure the compliance of 

nozzles in the global supply chain . The forward-looking nature of these international standards has 

driven the standardized application of tungsten alloy nozzles in emerging processes such as laser cladding 

and cold spraying. 

 

Appendix C: Tungsten Alloy Nozzle Standards of Europe, America, Japan, South Korea, and 

Other Countries 

 

The standards for tungsten alloy nozzles in countries such as Europe, the United States, Japan, and South 

Korea emphasize safety, environmental protection, and high reliability, and incorporate regional 

regulations to form a diversified system based on the EU CE marking, the US ASME specifications, the 

Japanese JIS standards, and the South Korean KS standards. 

 

In Europe, CEN/CENELEC takes the lead. EN 10025-6, "Specification for Tungsten Alloy Structural 

Steel," has been extended to nozzle materials, emphasizing high-temperature strength and corrosion 

resistance. EN ISO 15614-1, "Specification for Welding Procedures," covers nozzle brazing and 

connection requirements. EN 13445 under the Pressure Equipment Directive (PED) 2014/68/EU 

specifies pressure testing for nozzles in high-pressure vessels. The CE marking ensures the safety and 

compliance of nozzles in thermal spraying and waterjet equipment . 

 

In the United States, ASME is the primary standard. ASME BPVC Section IX, "Tungsten Alloy Welding 

Specification," includes nozzle integrity; ASME B31.3, "Process Piping Specification," addresses the 

corrosion resistance requirements of nozzles in chemical cleaning; and SAE AMS 7816, "Tungsten Alloy 

Aerospace Materials," is applicable to aerospace-grade nozzles, focusing on high-temperature stability. 

 

Japanese JIS Z 2241 "Metallic Materials Test Methods" has been expanded to include nozzle hardness 

and fatigue verification; JIS B 8363 "Pneumatic Systems Specification" standardizes the flow 

consistency of nozzles in industrial spraying; and the guidelines of the Japan Welding Society (JWES) 

emphasize the precision of nozzles in laser processing. 

 

The Korean standard KS D 3562, "Tool Specification for Tungsten Alloy Industry," covers nozzle wear 

resistance requirements and is aligned with the KGS gas safety code to ensure nozzle reliability in energy 

cleaning. The Korea Testing and Certification Institute (KTC) certifies that the nozzles comply with 
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international standards such as ISO. 

 

These regional standards are highly mutually recognized with global norms, emphasize traceability and 

environmental protection, and promote the standardized application of tungsten alloy nozzles in 

international trade. 

 

Appendix D Terminology Table for Tungsten Alloy Nozzles 

 

Chinese terminology Explanation 

Tungsten alloy nozzle Ultra-high density, wear-resistant, and high-temperature-resistant precision 

jetting components made with tungsten as the main framework and Ni, Fe, Cu, 

Co, and other binder phases. 

Tungsten-based high-

density alloys 

tungsten content of ≥90%, typical grades are 93W, 95W, and 97W. 

Laval nozzle It features a supersonic flow channel structure with a contraction section, throat, 

and expansion section, used for thermal spraying and water jetting. 

larynx/ larynx The narrowest point of the nozzle flow channel directly determines the jet 

velocity and flow rate. 

binder phase Low-melting-point phases such as Ni, Fe, Cu, and Co are used to bind tungsten 

particles and provide toughness. 

Cold isostatic pressing Uniform high-pressure molding process ensures consistent bulk density. 

Liquid phase sintering During sintering, the binder phase melts and wets the tungsten particles, 

achieving near-theoretical densification. 

Theoretical density tungsten alloys, calculated based on their composition, is typically ≥17.0 g/cm³. 

Boronizing treatment Surface boronizing forms an ultra-hard tungsten boride layer, significantly 

improving wear resistance. 

DLC coating Diamond-like carbon coating further improves surface hardness and reduces 

friction. 

cavitation Desquamation damage to the throat caused by bubble collapse in high-pressure 

jet 

Jet divergence angle The cone angle that gradually widens after the jet leaves the nozzle determines 

the coverage area and focus. 

Coaxial powder 

feeding nozzle 

laser cladding /3D printing, powder passes coaxially with the laser through the 

nozzle. 

Quick-change bayonet Locking structure that enables nozzle replacement in seconds 

back pressure The actual pressure at the nozzle inlet directly affects the jet velocity. 

Flow coefficient The ratio of actual flow rate to theoretical flow rate characterizes the nozzle 

flow channel efficiency. 

Mirror-grade inner 

wall 

The inner wall roughness Ra≤0.05 μm greatly reduces adhesion and cavitation. 
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