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Basic Information of Tungsten Crucibles

Qt: What’s Tungsten Crucible?

A: Tungsten crucible is a high-temperature container manufactured from high-purity tungsten
(W) or tungsten-based alloys. Tungsten crucible is mainly used for smelting, evaporative
deposition, sintering, and single crystal growth under ultra-high temperature, vacuum, inert

atmosphere, or high-purity hydrogen conditions.

Tungsten is a refractory metal with a melting point of approximately 3422°C, making it one of
the highest among all pure metals. Therefore, tungsten crucible is typically applied in extreme

environments above 2000°C.



Tungsten crucible has wide applications in sapphire single crystal growth, GaN/GaAs
semiconductor crystal growth, vacuum thermal evaporation, rare earth smelting, superalloy
melting, electron beam evaporation sources, MBE (Molecular Beam Epitaxy), and nuclear and
aerospace materials research. Tungsten crucible plays a critical role in semiconductor,

monocrystalline, and superalloy industries.

Q2: Why Does High-Temperature Industry Prefer Tungsten Crucibles?

A: High-temperature industries such as sapphire growth, rare earth smelting, specialty glass
melting, and MBE place extremely strict requirements on crucible materials, including
structural stability and chemical purity under extreme temperatures. Tungsten crucible is

widely preferred due to the following key advantages:

(1) Extremely High Melting Point (3422°C)
Tungsten has the highest melting point among all metals, far exceeding molybdenum (2623°C)
and tantalum (3017°C). This allows tungsten crucible to operate for long periods at 2000-

3000°C without softening or deformation.

(2) Excellent High-Temperature Mechanical Strength
Tungsten maintains high tensile strength and creep resistance above 2000°C. In contrast,
ceramic crucibles such as alumina and zirconia are prone to cracking, while graphite softens

and deforms at high temperatures.
(3) High Mechanical Strength at High Temperatures

Many materials experience sharp decline in strength when approaching melting points, but
tungsten retains high tensile strength and creep resistance above 2000°C. In contrast, ceramic
crucibles, such as alumina and zirconia, crack easily at high temperatures, and graphite
materials soften significantly, leading to collapse. High-temperature strength of tungsten

ensures dimensional stability and service life of crucible during multiple thermal cycles.
(4) Extremely Low Vapor Pressure

In high-temperature vacuum or low-pressure environments, volatilization of materials
contaminates growth environments and products. Vapor pressure of tungsten at 2000°Cis only
approximately 107 Pa, far lower than that of most metals and compounds. This means even
under high vacuum conditions above 10 Pa, tungsten crucible itself barely volatilizes, thereby

ensuring cleanliness of process chamber.
(5) Stable Thermal Shock Resistance and Thermal Stability

Tungsten possesses high thermal conductivity, approximately 173 W-m™-K™, and low coefficient

of thermal expansion, approximately 4.5x107/K, making it less prone to cracking due to thermal



stress during rapid heating or cooling processes. This thermal stability is critical for industrial

processes requiring frequent material reloading or thermal cycling.
(6) Extremely Low Contamination to Vacuum Environments and Products

Crucibles manufactured from high-purity tungsten, purity reaching over 99.999%, release
almost no harmful impurities such as carbon, oxygen, and nitrogen at high temperatures.
Especially in inert gases, such as argon, or reducing atmospheres, volatile oxides do not form
on tungsten surface, resulting in highly stable chemical properties. This allows tungsten
crucible to be widely applied in sectors with strict purity requirements, such as semiconductors,

optical crystals, and high-end alloys.
(7) Verified Chemical Compatibility with Multiple Melts

Tungsten exhibits low corrosion rates against many high-temperature melts, such as liquid
aluminum, rare earth metals, and sapphire melt Al,O;, making it less prone to reaction or
alloying. In contrast, certain metals, such as iron and nickel, rapidly corrode tungsten at high
temperatures. Therefore, tungsten crucible is not applicable to all melts, but it performs

reliably in oxide crystal growth and refractory metal smelting.
(8) Advantages over Other Materials

High-temperature performance comparison between tungsten crucible and other common

crucible materials is presented in table below:

Comparison Material Main Disadvantages Tungsten Crucible Advantages

Prone to oxidation at high temp., generates carbon contamination i i
No carbon release issues, stable in
Graphite crucible

o . vacuum environments
Strength decreases significantly as temperature rises

Molybdenum strength decreases rapidly above 1600°C

Molybdenum, Tantalum easily forms oxide layer in oxygen-containing Higher melting point, lower volatilization

tantalum crucible environments at high temperatures

High volatilization at high temperatures

Ceramic  crucible Poor thermal shock resistance, prone to cracking Stable chemical properties, extremely

(alumina, zirconia)  contains impurities like SiO,, contaminates high-purity melts low contamination to high-purity melts

Tungsten crucible has become irreplaceable material in harsh high-temperature environments
above 2000°C due to high melting point, high-temperature strength, low vapor pressure, low
contamination, stable thermal stability, and chemical inertness. Although manufacturing cost
of tungsten crucible is relatively high, its all-around performance edge far exceeds those of
other materials in high-end industrial fields such as sapphire crystal growth, rare earth and

special alloy smelting, and MBE source furnaces, earning widespread adoption.



Q3: What Are Differences Between Tungsten Crucible and Molybdenum Crucible?

Primary differences between tungsten crucible and molybdenum crucible are listed in table

below:
Item Tungsten Crucible Molybdenum Crucible
Melting Point 3422°C 2623°C
Applicable Temp. Higher High
High-Temp. Strength Stronger Medium
Processing Difficulty Higher Relatively lower
Cost Higher Lower
Thermal Shock Resistance General Relatively better
Oxidation Sensitivity High High
Molybdenum is applicable for broad scenarios below 1800°C; tungsten is necessary above 2200°C, remaining preferred
Description

choice for ultra-high vacuum evaporation

Q4: What Are Typical Shapes of Tungsten Crucibles?

Tungsten crucible is widely applied in high-end fields such as sapphire crystal growth, rare earth
smelting, glass melting, electron beam evaporation deposition, and molecular beam epitaxy
(MBE) due to stable performance including high temperature resistance, low vapor pressure,
and thermal shock resistance. Tungsten crucible shapes vary across process requirements and

application scenarios, primarily featuring following geometries:
(1) Cylindrical Shape

This configuration is most common and basic shape. Processing is relatively simple, making it
suitable for variety of smelting and evaporation processes. Inner and outer walls usually

present concentric circle structure, facilitating uniform heating and thermal field layout.
(2) Tapered Shape (Inverted Cone or Regular Cone)

Tapered structure is beneficial for concentrated heating and directional evaporation of
materials, which is common in electron beam evaporation or thermal evaporation coating
equipment. Inverted cone design can also facilitate demolding, used for powder metallurgy or

ingot molding processes.
(3) Rimmed Structure

This configuration features outward or inward flanges set on upper edge of cylindrical or
tapered crucibles. Flanged structure is mainly used to enhance structural stability of crucible,
preventing collapse due to softening or stress at high temperatures. Meanwhile, flanged

structure facilitates fixing crucible position in heating furnaces or evaporation sources.



(4) Lidded Structure

To prevent melt splashing at high temperatures, reduce volatile loss, or control evaporation
rates, portion of tungsten crucibles equips matching tungsten lid. This structure is often used

for high-purity material smelting or directional deposition in vacuum thermal evaporation.
(5) Evaporation Boat Shape

Evaporation boat shape typically presents elongated, boat-like, or trough-like structure, mainly
used for resistance heating evaporation coating equipment. Evaporation tungsten boat
features large open area and concentrated heating zone, suitable for vapor deposition of metal

materials such as aluminum, silver, and gold.
(6) Deep Cavity Type

Deep cavity crucible possesses large height-to-diameter ratio, suitable for processes requiring
long heating times or large charging capacities, such as polysilicon ingot casting and rare earth
metal smelting. Deep cavity structure helps reduce thermal radiation loss and improve thermal

efficiency.

(7) Core Structural Components for Molecular Beam Epitaxy (MBE) Evaporation Source

Furnaces or Effusion Cells

This type of crucible belongs to ultra-high vacuum components, usually using high-purity
tungsten or tungsten alloys. Shape is elongated nozzle or flux-limiting structure with precise
orifice. It is designed to generate stable, controllable molecular or atomic beam for epitaxial
growth of single crystal thin films on semiconductor substrates. Requirements for material

purity, wall thickness uniformity, and exit orifice precision are extremely high.
(8) Special-Shaped Customized Structures

For non-standard processes or special equipment, tungsten crucibles need customized designs
based on client heating methods, furnace structures, or material characteristics. Shapes may

include elliptical, rectangular, asymmetrical structures, and multi-cavity integrated structures.
(9) Derived Shapes under Special Process Requirements

In certain high-tech or high-end manufacturing industries, tungsten crucibles are attached with

additional performance indicators, deriving finer shape requirements:

Ultra-Thin Wall Structure: Used for rapid thermal response or space-constrained heating

environments.

High Concentricity Structure: Guarantees heating uniformity and consistency in evaporation

direction.



Inner Wall Mirror Finish Structure: Reduces melt residue and improves material release rate,

commonly used for MBE or high-purity metal vapor deposition.

Ultra-Low Porosity Structure: achieved through special sintering or forging processes to

reduce contamination of vacuum environments caused by gas release.

Qs5: How Are Tungsten Crucibles Manufactured?

A: Tungsten crucible is usually manufactured using powder metallurgy process, which is core
technical route to achieve high purity, high density, and complex shapes in tungsten products.

Basic process consists of following key steps:

(1) Raw Material Preparation: High-purity tungsten powder serves as raw material, with purity
requirements usually reaching 99.95% or higher. Tungsten powder is generally produced
through hydrogen reduction of tungstates, such as ammonium paratungstate (APT). High-end
products also apply technologies like plasma sphericalization for secondary treatment of
tungsten powder to obtain ultra-fine tungsten powder with uniform particle size and high

sphericity.

(2) Molding: Cold isostatic pressing is mainstream method. By applying uniform
omnidirectional pressure to tungsten powder in high-pressure liquid environment, cold
isostatic pressing obtains green body with uniform density distribution and moderate strength,
which is particularly suitable for manufacturing of large-sized or thick-walled crucibles. For

small batches or crucibles with simpler shapes, die pressing molding can also be applied.

(3) High-Temperature Sintering: High-temperature sintering treats pressed green bodies at
1700-2400°C using medium-frequency induction or vacuum furnaces under hydrogen or
vacuum atmospheres. Divided into pre-sintering and densification, process first consolidates
tungsten powder particles at lower temperatures, then accelerates atomic diffusion at higher
temperatures to build continuous grain structures, increasing crucible strength and high-

temperature durability.



(4) Hot Isostatic Pressing (HIP): High-end products require hot isostatic pressing treatment
post-sintering. By eliminating internal micro-voids and residual stresses under high
temperature and high pressure, this treatment delivers tungsten crucibles with density

matching >98% of theoretical value.

(5) Mechanical Machining: Precision machining processes sintered blanks through CNC turning,
inner wall polishing, and edge chamfering to meet target dimensions and surface standards.
High hardness and inherent brittleness of tungsten require specialized carbide tools and

cooling lubricants during machining.

(6) Surface Treatment and Coating: Protective coatings (molybdenum, tungsten-tantalum
alloy, or nitrided layers) are applied to specific crucibles to increase high-temperature oxidation

and corrosion resistance.

(7) Electron Beam Welding: Electron beam technology welds multiple sintered parts into single

structures for ultra-large or complex crucibles, meeting specific application needs.

(8) Quality Inspection and Packaging: Finished items undergo verification of dimensional
precision, density (98% of theoretical density), metallographic structure, impurity limits, and
vacuum leakage. Qualified lots are packed under vacuum or inert gas to block oxidation and

contamination.

Alternative manufacturing methods include forging, chemical vapor deposition (CVD), spinning,
and plasma spraying, though powder metallurgy is primary technical route. Premium tungsten
crucibles merge high-purity powder with hot isostatic pressing densification to achieve target

high-temperature stability and extended service life.



Operating Temperatures and Environmental Issues of Tungsten Crucibles
Q6: What Is Maximum Operating Temperature of Tungsten Crucible?

A: Theoretically, tungsten melting point is 3422°C, reaching over 3000°C briefly under vacuum.
Actual long-term operation tracks at 2400-2800°C under vacuum, 2200-2600°C in hydrogen,
and 2000-2500°C in argon environments. High-temperature use is excluded in regular air.
Exceeding 2800°C causes grain coarsening, accelerated creep, high evaporation rates, and

reduced structural life of tungsten crucible.

Q7: Why Can't Tungsten Crucibles Be Used in Air at High Temperatures?

A: High-temperature use of tungsten crucible in air is restricted because tungsten oxidizes

readily. Primary reaction under oxygen exposure yields tungsten trioxide (WOs):
2W + 302 — 2WO3

This is most core and typical high-temperature oxidation reaction of tungsten in air or oxygen-
containing atmospheres. However, during actual high-temperature oxidation process,
tungsten does not necessarily form WOj; directly in single step, but may undergo multiple
intermediate oxide stages, including non-stoichiometric oxides such as WO,, W40, W18049, and
WO..9. When temperature rises, WO; oxidation layer forms on surface of tungsten crucible.
WO; possesses volatility, which continuously consumes tungsten material, causing crucible
wall to become thinner and thinner, eventually leading to cracking, perforation, and failure.
According to data from website of Chinatungsten Online, oxidation of tungsten crucibles
becomes obvious above 400-500°C, exposure to air is unsuitable for long periods above 600°C,

and oxidation accelerates rapidly above 800°C.



Q8: Can Tungsten Crucible Be Used in Oxygen Environments?

A: Utilization in oxygen environments is generally not recommended. High-temperature
oxygen rapidly oxidizes tungsten unless temperature is low, duration is short, protective
coating is applied, or local inert protection is provided. However, some industries adopt iridium
coatings, rhenium coatings, nitride coatings, or local shielding structures to reduce oxidation

rate.

Qo: Is Tungsten Crucible Suitable for Vacuum Environments?

A: Tungsten crucible is highly suitable for vacuum environments, which represents one of most
core application environments for tungsten crucibles. This suitability is mainly due to
advantages such as resistance to oxidation under vacuum, low vapor pressure, low
volatilization at high temperatures, minimal impurity release, and low risk of material
contamination. Therefore, tungsten crucible is heavily used in fields like electron beam

evaporation, vacuum sintering, and semiconductor single crystal growth.

Qio: Is Tungsten Crucible Suitable for Hydrogen Environments?

A: Under general conditions, tungsten crucible is suitable for high-purity dry hydrogen
environments, and much of powder metallurgy production takes place in hydrogen muffle
furnaces. However, during use, attention must be paid to hydrogen purity, water and oxygen
content, airflow stability, and temperature gradients; if oxygen or water content is too high,

oxidation may still occur.

Qi1: Can Tungsten Crucible Withstand Thermal Shock?

A: Tungsten crucible is thermal shock resistant, which does not equal tolerating severe thermal
impact. Compared with graphite or certain ceramic materials, although thermal shock
resistance of tungsten is better, it remains brittle material in nature and is prone to thermal
stress damage under extreme temperature difference conditions. Thermal shock resistance
refers to ability of material to resist cracking or damage when temperature changes rapidly.
Tungsten has high melting point (approximately 3422°C), good thermal conductivity, and
relatively low coefficient of thermal expansion, thereby possessing certain level of thermal
shock resistance. However, when temperature difference is too large or rate of temperature
change is too fast, massive thermal stress will be generated inside tungsten crucible, exceeding

material strength limit and causing damage.



Tungsten crucible exhibits thermal shock resistance, but it cannot tolerate severe thermal
impact. Following conditions constitute destructive thermal stress factors for tungsten
crucibles: (1) Direct exposure to cold air at high temperatures, (2) Local localized rapid cooling,
(3) Water cooling or liquid nitrogen cooling, (4) High-frequency rapid heating and cooling, (5)

Non-uniform heating.

These behaviors lead to thermal stress concentration, microcrack initiation and propagation,
and grain boundary weakening inside tungsten crucible, eventually manifesting as macroscopic
cracking, deformation, or even fragmentation. In practical applications, early failure of many
tungsten crucibles is not due to material quality issues, but belongs to thermal impact damage
in nature. Therefore, in application scenarios like vacuum furnaces, high-temperature crystal
growth, or metal smelting, mild thermal process regimes such as slow heating, holding for
thermal equalization, and controlled cooling are recommended to maximize service life of

tungsten crucible.



Q12: Why Do Tungsten Crucibles Crack?

A: Tungsten crucibles crack due to common reasons including: thermal shock, excessive
temperature gradients, embrittlement caused by oxidation, weld defects, impurity segregation,
grain coarsening, long-term creep, mechanical collisions, and stress concentration, or local
corrosion. Especially since tungsten itself is brittle at room temperature, transportation and

clamping must be handled with caution.

Q13: Why Do Tungsten Crucibles Become Brittle?

A: Tungsten crucible gradually becomes brittle during use as results of combined action of
multiple factors. Main reasons leading to its embrittlement and their mechanism analyses are

detailed below:
(1) High-Temperature Recrystallization

A: Tungsten belongs to high-melting-point metals, but its recrystallization temperature is also
relatively high (approximately 1200-1400°C). When tungsten crucible is used above
recrystallization temperature for long periods, original as-worked (such as forged or rolled)
fibrous grains transform into equiaxed grains. Recrystallization process eliminates toughness
brought by work hardening, causing significant decline in material ductility and increase in

brittleness.
(2) Grain Growth

At high temperatures, especially after exceeding recrystallization temperature, grains grow
further. Coarse grain structure means reduction in grain boundary area, and grain boundaries
themselves often represent regions possessing certain level of toughness in tungsten materials
at room temperature. Larger grains, weaker ability of grain boundaries to hinder crack

propagation, making material more prone to brittle fracture along grain boundaries.
(3) Oxidation

Tungsten is extremely sensitive to oxygen at high temperatures. Even in low oxygen partial
pressure environments such as trace oxygen remaining in vacuum or inert gases, volatile or
non-protective oxides (such as WO;) form on tungsten surface. Repeated formation and
volatilization of oxide layers reduce effective thickness of crucible wall while introducing

surface microcracks, which serve as initiation sources for brittle cracks.
(4) Impurity Contamination

Crucible may react with evaporation materials such as aluminum, gallium, and indium, residual

atmospheres in furnace, or fixture materials during use, leading to infiltration of impurity



elements like carbon, oxygen, nitrogen, iron, and nickel into tungsten matrix. These impurities
easily segregate at grain boundaries, reducing grain boundary bonding strength and promoting
intergranular brittle fracture. For example, carbon and tungsten can form brittle W,C or WC

phases, further deteriorating mechanical properties.

(5) Hydrogen Embrittlement

If tungsten crucible is used at high temperatures in hydrogen-containing atmospheres or water
vapor environments, hydrogen atoms can diffuse into tungsten lattice and gather at grain
boundaries, micro-voids, or dislocations. During cooling, hydrogen precipitates to form
molecular hydrogen (H.), generating local high pressure, which leads to microcrack initiation
and propagation. This phenomenon is particularly obvious under frequent thermal cycling

conditions.
(6) Long-Term Thermal Cycling

Repeated heating and cooling processes cause tungsten crucible to endure alternating thermal
stress. Each thermal cycle accumulates micro-damage at grain boundaries or defects, leading
to generation and propagation of fatigue cracks. Even if stress of each cycle is lower than yield
strength of material, long-term accumulation will induce brittle fracture, especially after

recrystallization has already occurred.
(7) Mechanical Impact and Assembly Stress

Tungsten possesses almost no room-temperature plasticity after recrystallization, making it

extremely sensitive to notches, surface scratches, or local stress concentrations. Slight



collisions during installation or removal of crucible, unbalanced clamping forces, or improper

contact with heater can all trigger sudden fracturing in embrittled crucible.

Chemical Compatibility Issues of Tungsten Crucible

Q14: Will Tungsten Crucible Contaminate Melt?

A: High-purity tungsten crucible minimizes contamination risks within vacuum or inert
atmospheres. However, following situations may cause contamination, which mainly manifests
as oxidation generating WO,, impurity volatilization, inner wall corrosion, melt reacting with
tungsten, and coating peeling. Semiconductor industry, which requires high purity, is
particularly concerned about individual problems such as ppm-level impurity increases,

changes in oxygen content, and metal ion precipitation.

Q15: Which Materials React Easily with Tungsten?
A: Tungsten is refractory metal with high melting point, high density, and corrosion resistance,

exhibiting excellent chemical stability under high-temperature, oxidizing, or reducing



atmospheres. However, under specific conditions, tungsten still undergoes significant chemical
reactions with certain materials, leading to performance deterioration or structural failure.
Based on long-term production and application experience of Chinatungsten Online, main

categories of materials that react easily with tungsten are compiled as follows:

(1) Strongly Oxidizing Molten Salts

Strongly oxidizing molten salts such as nitrates, chlorates, and peroxides possess extremely
strong oxidizing capabilities in high-temperature molten state, rapidly reacting with tungsten
to generate tungsten oxides (such as WO;) and release heat. This type of reaction can initiate
at 300-600 °C, causing severe corrosion or even pulverization of tungsten surface.
Chinatungsten Online strictly controls contact of tungsten with these materials in molten salt

electrolysis and high-temperature oxidizing media treatment processes.

(2) Halogens and Their Compounds

Halogen elements such as fluorine, chlorine, bromine, and iodine can react violently with
tungsten at high temperatures (>250 °C), generating volatile tungsten halides such as WF, and
WOCl. These products volatilize easily at high temperatures, causing mass loss and structural
destruction of tungsten material. Especially in fluoride atmospheres, corrosion rate of tungsten
accelerates, representing critical environment requiring targeted shielding within

semiconductors and plasma devices.

(3) Fluorides

Fluorides such as F,, NF;, SF¢, and HF are highly corrosive to tungsten at high temperatures. For
example, during semiconductor etching or chemical vapor deposition, fluorine-containing
gases react with tungsten to generate gaseous WF,, causing rapid thinning of tungsten parts.
Chinatungsten Online avoids direct contact with fluorine-containing media when tungsten

products are used in scenarios like high-energy physics and electron beam welding.

(4) Molten Alkali Metal Hydroxides (NaOH, KOH)

NaOH and KOH in molten state possess extremely strong chemical aggression capabilities
against tungsten. When temperature exceeds 400 °C, tungsten reacts violently with molten
alkalis to generate soluble tungstates such as Na,WO, or K,WO,, accompanied by release of
large amount of hydrogen gas. Historical production and application data from Chinatungsten
Online indicate that molten alkalis rapidly corrode tungsten and generate tungstates.
Therefore, tungsten is usually not used as long-term corrosion-resistant structural material in

alkaline molten salt systems or alkali etching processes.

(5) High-Oxygen Systems
High-oxygen environments (such as oxygen, air, water vapor, CO,, and certain molten slags)
oxidize tungsten at high temperatures (>500 °C), first forming WO, and further oxidizing to WO;.

If oxide film is dense, it can provide brief protection, but once it flakes off or exists in cyclic



oxidation-reduction atmosphere, corrosion will accelerate. Especially in oxygen-containing

melts or high oxygen partial pressure gases, lifespan of tungsten is significantly shortened.

(6) Certain Oxide Melts

Some low-melting-point oxides (such as PbO, Bi,0;, B,0;, V,0s;, and MoO,) possess strong
oxidizing or acidic/alkaline properties in molten state, reacting with tungsten to generate
composite tungstates or low-melting-point eutectic phases, thereby corroding tungsten matrix.
This type of reaction is common in ceramic, glass, and metallurgical industries, requiring

protective layer between tungsten and molten oxides.

(7) Oxidizing Acids (Such as Concentrated Nitric Acid, Aqua Regia)

Although tungsten is stable against most acids at room temperature, it is slowly oxidized in
high-temperature, high-concentration oxidizing acids (such as concentrated nitric acid or aqua
regia above 90 °C) to generate tungstic acid (H,WO,), causing surface weight loss and corrosion.
Chinatungsten Online avoids placing tungsten components in such acidic oxidizing media for

long periods in chemical treatment processes.

Q16: Can Tungsten Crucible Be Used to Melt Aluminum?
A: Theoretically, tungsten crucible can be used to smelt metallic aluminum, but from economic
perspective, this is highly uneconomical and inefficient. This process limitation is driven by low

melting point of metallic aluminum (660.32 °C, 1220.58 °F, 933.47 K) relative to high cost of



tungsten, making deployment of ultra-high temperature materials technically unnecessary.
Therefore, pyrometallurgical smelting of molten aluminum in industry more frequently utilizes

graphite, SiC, or alumina for furnace body.

Qi7: Is Tungsten Crucible Suitable for Rare Earth Smelting?

A: Rare earth elements are often called "industrial vitamins" due to their unique physical and
chemical properties, which bring high industrial and market value in fields like new energy,
electronic information, aerospace, and metallurgical machinery. Smelting methods of rare
earths are mainly divided into two major categories: hydrometallurgical smelting and
pyrometallurgical smelting. Among them, pyrometallurgical smelting occupies important
position in many rare earth extraction and refining links due to its high treatment efficiency and
suitability for high-temperature reduction or alloying processes. Tungsten crucible is widely
used in process of pyrometallurgical smelting of rare earths due to characteristics such as high
melting point (up to 3422 °C), good high-temperature strength, low vapor pressure, and strong
corrosion resistance. Especially under following operating conditions, tungsten crucible

performs exceptionally well:

(1) Vacuum Environment: Volatilization rate of tungsten in vacuum is extremely low, making it
less prone to contaminating rare earth products, suitable for preparation of high-purity rare
earths,

(2) Inert Atmosphere: Under argon or nitrogen protection, tungsten crucible can effectively
avoid oxidation, extending its service life,

(3) High Purity Requirements: Impurity content of tungsten material itself can be controlled at
extremely low level, helping to guarantee purity of rare earth products,

(4) Ultra-High Temperature Conditions: Some rare earth elements (such as gadolinium,
terbium, and dysprosium) have high melting points or require reduction reactions at high

temperatures, and tungsten crucible can stably withstand such extreme temperatures.

In practical applications, not all rare earth elements or rare earth alloys are suitable for direct
smelting in tungsten crucibles. Chemical compatibility between rare earth elements and
tungsten represents critical operational consideration. For example, certain rare earth
elements (such as lanthanum, cerium, praseodymium, and neodymium) undergo degree of
reaction or diffusion with tungsten at high temperatures, potentially causing crucible surface
damage or trace tungsten contamination of rare earth products. For these types of rare earths,
adding protective lining (such as tantalum, molybdenum, or rare earth oxide coatings) to inner
wall of tungsten crucible or applying indirect heating methods is usually recommended.
Furthermore, temperature, time, atmosphere during smelting, and form of existence of rare

earth (pure metal, alloy, or compound) significantly affect application results and lifespan of



tungsten crucible.

Q18: Is Tungsten Crucible Suitable for Sapphire Growth?

A: Tungsten crucible represents established choice for sapphire crystal growth, serving as key
thermal field component in modern manufacturing. This adoption is driven by unique material
properties of tungsten: first, tungsten possesses extremely high melting point (approximately
3422 °C), which is far higher than temperature required for sapphire growth (usually around
2050 °C), thereby enabling long-term structural stability at high temperatures; second,
tungsten has extremely low vapor pressure at high temperatures, making it less prone to
releasing impurities, which effectively avoids contamination of sapphire crystal and guarantees
crystal purity and optical performance; additionally, tungsten exhibits good chemical inertness
toward alumina melt (primary raw material for sapphire), making it less prone to reaction or

corrosion, resulting in relatively long service life.

Tungsten crucible utilization requires synchronization with precision control parameters of
matching thermal systems. Sapphire growth usually needs to be conducted in vacuum or
reducing atmospheres, while placing strict requirements on temperature field uniformity and
heating/cooling rates. Only under premise that these conditions are reasonably guaranteed can
tungsten crucible exert its advantages of high temperature resistance, low contamination, and
long lifespan. For industrial production of premium sapphire, tungsten crucible provides
standard processing choice, matching operational parameters of Kyropoulos method and Heat

Exchanger Method (HEM).



Q19: Is Tungsten Crucible Suitable for Semiconductor Industry?

A: Tungsten crucible is highly suitable for semiconductor industry, as its excellent material
characteristics align closely with extreme process demands in semiconductor manufacturing.
Specifically, tungsten features extremely high melting point (3422 °C), excellent high-
temperature strength, extremely low vapor pressure, good thermal conductivity, and chemical
inertness toward molten semiconductor materials. These properties allow tungsten crucible to
work stably for long periods under high-temperature, high-vacuum, or reducing atmospheres
without easily deforming, cracking, or contaminating substrate materials. In semiconductor

industry, typical applications of tungsten crucibles include:

(1) Single Crystal Growth of 1lI-V Compound Semiconductors: Such as gallium arsenide (GaAs),
gallium nitride (GaN), and silicon carbide (SiC). These materials are typically prepared using
Liquid Phase Epitaxy (LPE) or Physical Vapor Transport (PVT) methods. Tungsten crucible has
become ideal container for holding and melting source materials due to its high temperature

resistance and resistance to reaction with melts.

(2) Molecular Beam Epitaxy (MBE) Evaporation Coating: During MBE process, source materials
are heated to evaporation temperatures to form molecular beams. Tungsten crucible is
commonly used to hold high-purity metal sources such as aluminum (Al), gallium (Ga), and

indium (In). Its low impurity release characteristics help obtain ultra-high purity epitaxial layers.

(3) High-Temperature Evaporation Coating: Used in electron beam evaporation or thermal

evaporation systems to deposit thin films like metal electrodes and diffusion barrier layers.

According to statistics compiled from global client procurement data and related industry
materials accumulated by Chinatungsten Online, consumption of tungsten crucibles is

relatively large in field of -V semiconductor single crystal growth, particularly in mass



production of GaAs and GaN. It has been verified and long adopted by multiple mainstream
international semiconductor material manufacturers. This indicates that tungsten crucible
satisfies laboratory R&D needs and adapts to strict requirements of large-scale industrial
production. Benefiting from its thermodynamic stability, chemical inertness, and high-purity
retention capability, tungsten crucible represents one of key consumables in current

semiconductor industry, especially in compound semiconductor manufacturing. (Information

source: www.ctia.com.cn)

Lifespan and Failure Issues of Tungsten Crucible

Q20: What Is Typical Lifespan of Tungsten Crucible?

A: Tungsten crucible service life correlates with application environments, operating
boundaries, and manufacturing quality. Primary influencing metrics involve temperature,
atmosphere, thermal cycles, melt type, heating rate, wall thickness, purity, and processing
technology. Service duration varies from few cycles in laboratories to hundreds of hours in

industrial configurations.

Q21: How to Judge if Tungsten Crucible Has Failed?

A: After long-term use in high-temperature, vacuum, or inert gas environments, tungsten
crucible will gradually exhibit performance degradation or even failure. Common failure signs
of tungsten crucibles include surface graying, oxidation powder, inner wall roughness, cracks,
deformation, thinning wall thickness, leakage, increased evaporation contamination, and
temperature field anomalies. Judging whether tungsten crucible needs replacement can be
comprehensively evaluated from three dimensions: appearance, structure, and usage

performance. Common failure signs include:


http://www.ctia.com.cn/

(1) Appearance Changes

Surface Graying or Blackening: New crucibles typically present metallic luster. If surface turns

dull gray or black, it indicates that oxidation or grain boundary corrosion has occurred.

Appearance of Oxidation Powder: Discovering yellow, gray, or white oxide powder on or
around crucible surface indicates that material has been oxidized, resulting in decreased

structural strength.
(2) Structural Damage

Inner Wall Roughness or Nodulation: Inner wall changing from smooth to rough, or presence
of local protrusions and nodulation, indicates that material surface has been eroded or

undergone phase transformation.

Appearance of Cracks: Including microcracks, through-cracks, or intergranular cracks, which

seriously affect mechanical strength and thermal stability of crucible.

Obvious Deformation: Crucible exhibits ovality, bulging, twisting, or irregular deformation,

usually caused by thermal stress or local overheating.

Significant Thinning of Wall Thickness: Measured by weight or calipers, if wall thickness
decreases by more than 10-20% of original thickness, crucible is severely worn and poses risk of

perforation.
(3) Usage Anomalies

Occurrence of Leakage: Contained melt leaks through crucible wall, indicating that hidden

cracks or local complete penetrations exist.

Increased Evaporation Contamination: During evaporation coating process, impurity particles,
abnormal colors, or decreased electrical performance appear in film layer, suggesting that

crucible material has precipitated or volatilized contaminants.

Temperature Field Anomalies: Heating power rises obviously but temperature does not
increase, temperature fluctuations are large, or local hot spots appear, indicating that thermal

conduction performance of crucible has decreased or structure has been damaged.
(4) Comprehensive Judgment Suggestions

If two or more appearance or structural anomalies occur simultaneously, or if any single usage
anomaly occurs, replacing crucible immediately is recommended. Regularly conducting weight
records and inner wall visual inspections can effectively predict failure trends, avoiding sudden

leaks that affect process safety.



Q22: Why Do Some Tungsten Crucibles Have Exceptionally Short Lifespan?

A: As mentioned previously, crucible durability ranges from limited single-digit runs in
laboratory testing to hundreds of operational hours within continuous industrial systems.
Common reasons for exceptionally short lifespan of tungsten crucibles include air leaks,
excessive oxygen content, rapid heating, rapid cooling, poor raw material purity, insufficient
wall thickness, local hot spots, melt corrosion, and mechanical damage or frequent thermal
cycling. Chinatungsten Online (CTIA) believes that many cases of massive crucible failure are

related to thermal shock and process operations (CTIA.GROUP).

Q23: Can Tungsten Crucible Be Repaired?

Whether tungsten crucible can be repaired depends on its damage type, application

environment, and performance requirements, and cannot be generalized.

(1) Common Repair Methods

For minor damage or non-critical uses, following repair methods can be attempted:
Weld Repair

Suitable for surface cracks or local defects, using Tungsten Inert Gas (TIG) welding or electron

beam welding for mending.
Local Machining
Cutting and grinding to recondition edge chipping or minor inner wall degradation areas.

Coating Repair



Re-spraying or re-coating tungsten-based coating on worn or oxidized areas to enhance surface

performance.
Heat Treatment

Eliminating stress and restoring part of organizational structure through high-temperature

annealing to improve subsequent usage stability.
(2) Limitations After Repair

Although aforementioned methods can extend mechanical service life of crucible to certain

extent, attention must be paid to:
Decreased Reliability

Weld zone is prone to generating new cracks or pores, machining may alter wall thickness

uniformity, and overall strength is lower than that of new product.
Increased Contamination Risk

Repair process may introduce impurities or cause local composition non-uniformity, affecting

purity and corrosion resistance at high temperatures.
Weakened Thermal Cycling Performance

Repaired tungsten crucibles are more prone to deformation or cracking during repeated

heating and cooling.
(3) Application Scenarios Decide Whether to Repair
General Industrial Use

Such as ordinary metal smelting, powder metallurgy sintering. Under premise that economics

allow, moderate repair for use can be done.
High-Purity or High-End Applications

Such as semiconductors, molecular beam epitaxy, optical coating. Repair is generally not
recommended because any tiny defect or impurity can lead to product contamination or

process failure.
Semiconductor Industry

Strict quality control and process consistency criteria dictate direct tungsten crucible

replacement over repair.

Though tungsten crucible repair is possible, post-repair performance parameters fall short of

original baseline specifications. Restorative feasibility depends upon comprehensive evaluation



of damage metrics, application scenarios, and quality risks. In manufacturing sectors requiring
high purity and exceptional reliability, direct crucible replacement represents standard

engineering protocol.

Q24: Why Do Tungsten Crucibles Deform?

A: Factorsinducing tungsten crucible deformation typically encompass high-temperature creep,
continuous gravitational loads, insufficient wall thickness, non-uniform temperature fields,
local material softening, and asymmetrical installation stresses. Upon exceeding
recrystallization thresholds, although tungsten remains solid, plastic flow occurs via slow

microstructural dislocation.

Processing and Manufacturing Issues of Tungsten Crucibles
Q25: Why Are Tungsten Crucibles So Expensive?

A: Reason why tungsten crucible is expensive is jointly determined by multiple factors such as
its material characteristics, preparation process, processing difficulty, and application scenarios.

Main reasons can be summarized into following points:
(1) High Cost of Tungsten Material Itself

Tungsten belongs to strategic rare metals, with limited global reserves and complex extraction
and refining process. Raw material price is much higher than that of common metals such as

iron, copper, and nickel.
(2) Extremely High Melting Point Requires Special Equipment for Processing

Melting point of tungsten is 3422°C, making it one of highest among all metals. This



characteristic dictates that its melting, molding, and sintering processes must use high-
temperature specialized equipment under vacuum or protective atmospheres, involving

massive equipment investment and energy consumption.
(3) High Processing Difficulty as Typical Difficult-to-Machine Material

Tungsten possesses high hardness, high brittleness, and low fracture toughness, making it
difficult to undergo plastic processing at room temperature. Traditional machining means like

turning, milling, and drilling exert extreme wear on tools and easily generate cracks or edge

chipping.
(4) Severe Machining Wear Leads to Significant Rise in Cost

Because tungsten exerts extremely strong abrasive effect on tools, expensive diamond or
carbide tools must be frequently replaced during machining process, making tool cost per

single product much higher than that of conventional metal materials.
(5) Extremely High Requirements for Sintering Process with Narrow Process Window

Tungsten crucibles are typically manufactured through powder metallurgy methods (such as
high-temperature sintering after die pressing molding). Sintering temperature approaches 70%
to 90% of tungsten melting point, and requirements for heating rate, holding time, cooling rate,
and atmosphere control are extremely harsh. Slight negligence leads to insufficient density or

cracking.
(6) Low Yield Rate and High Scrap Cost

Influenced by aforementioned factors, tungsten crucibles are prone to defects such as cracks,
deformation, internal pores, or non-uniform density during sintering, machining, and
subsequent treatment links. Overall yield rate is obviously lower than that of conventional

metal products, and scrap losses directly push up unit price of qualified products.
(7) Strict High-Purity Requirements Further Increase Cost

Tungsten crucibles are mainly applied in high-purity environments such as sapphire crystal
growth, rare earth smelting, vacuum coating, and Molecular Beam Epitaxy source furnaces.
Therefore, impurity elements such as iron, nickel, carbon, and oxygen in material must be
controlled at extremely low levels, making purification process complex and inspection costs

higher.
(8) High Requirements and Large Risks in Packaging and Transportation

Due to high tungsten density (approximately 19.3 g/cm?) and inherent material brittleness,
combined with thin-walled crucible geometries, specialized anti-shock and weight-bearing

packaging is necessary. Preventing severe transport vibration or collision safeguards against



brittle fracturing and hidden micro-fissures, minimizing logistics expenses and damage risks

relative to ordinary metal products.
(9) High Technical Barrier as Typical Refractory Metal

Processing of tungsten involves interdisciplinary technologies such as powder metallurgy,
vacuum sintering, precision machining, and stress-relief heat treatment. Few manufacturers

possess stable production capabilities, bringing obvious premium from technical barriers.
(10) Difficulty in Amortizing Scrap and Rework Costs

Once crucible develops cracks before or during customer use, it can hardly be reliably repaired
through welding or other methods and can only be treated as scrap. This irreversible

characteristic significantly raises full-process risk cost of single product.
(11) Small Batches and Strong Customization Lead to High Fixed Cost Amortization

Tungsten crucibles are mostly non-standard customized products. Diameter, height, wall
thickness, and bottom shape are designed according to furnace type and application process,
and single batch order quantities are usually small. Fixed costs like mold development, process
debugging, and equipment occupation must be amortized by limited product quantity, further

pushing up unit price.
(12) High Requirements for Reliability and Lifespan in Downstream Applications

In extreme environments of high temperature, corrosion, or vacuum, failure of tungsten
crucible may lead to scrapping of entire furnace of products. Therefore, users place extremely
high requirements on quality stability and batch consistency of crucible, requiring suppliers to
invest massive resources into quality inspection and process control, which represents another

important reason for high price.

High price of tungsten crucibles is not caused by single factor, but is result of overlapping
multiple factors, including rare material costs, process demands brought by extreme melting
points, high processing difficulty, low yield rates, high-purity requirements, packaging and
transportation risks, technical barriers, and small-batch customization models. These factors
jointly determine high performance, high value, high price characteristics of tungsten crucibles

in high-temperature application fields.



Q26: Why Are Tungsten Crucibles Difficult to Process?

A: Tungsten crucible is widely applied in high-temperature fields such as sapphire crystal
growth, rare earth smelting, metal evaporation coating (such as MBE, vacuum thermal
evaporation), and special glass melting due to its extremely high melting point, excellent high-
temperature strength, and thermal shock resistance. However, tungsten crucible is extremely
difficult to process, mainly because of unique physical and mechanical characteristics of

metallic tungsten.
(1) Extremely High Hardness Causes Severe Tool Wear

Vickers hardness of tungsten at room temperature can reach 300-400 HV (annealed state) or
even higher (after work hardening). Compared with ordinary steel, grinding coefficient of
tungsten is extremely high, causing very severe wear on cutting tools. Even when using carbide
tools or CBN (cubic boron nitride) tools, cutting lifespan is drastically shortened, requiring

frequent tool changes and significantly increasing processing costs and time.
(2) Large Brittleness Makes Edge Chipping and Cracking Easy

Tungsten is categorized as inherently hard and brittle material, with low fracture toughness at
room temperature. During turning, milling, or drilling, if cutting force is non-uniform or tool is
not sharp enough, edge chipping, microcracks, or even overall fracturing can easily occur at
processing edges. Especially when processing thin-walled crucibles or those with fine

structures (such as threads, small holes), brittleness problem is particularly prominent.

(3) High Modulus of Elasticity Easily Generates Processing Deformation



Modulus of elasticity of tungsten is approximately 400 GPa, which is much higher than that of
steel (approximately 200 GPa). High elastic modulus causes machining springback under
cutting forces, challenging dimensional precision replication. Additionally, clamping thin-walled

crucibles under unoptimized force thresholds causes localized deformation or cracking.
(4) High Thermal Conductivity Leads to Obvious Local Temperature Rise

Tungsten possesses good thermal conductivity (approximately 170 W/m-K), but if cooling is
improper during cutting, heat concentrated in cutting zone will cause microscopic structural
changes on material surface or exacerbate tool thermal wear. Processing tungsten crucibles
thus requires high-volume fluid delivery or sub-ambient cooling strategies, elevating process

complexity.
(5) Difficulties in Welding and Joining

Tungsten oxidizes easily at high temperatures and exhibits poor weldability with most common
metals. If tungsten crucible needs repairing, installing flanges, or connecting with other
components, special processes such as vacuum electron beam welding, laser welding, or
brazing are usually required. These processes place high requirements on equipment, involve
complex operations, and welding heat-affected zone is prone to generating brittle phases or

cracks.
(6) Complex Structures Require Special Processing Technologies

According to long-term production practical experience of Chinatungsten Online, many clients
place very high customization requirements on tungsten crucibles, for example: high-precision
inner and outer diameter coaxiality (within £0.02 mm), precise control of bottom and side wall
thickness, and special shapes (such as stepped types, nozzle structures, multi-hole
distributions). To satisfy these requirements, combining multiple special processing means is

frequently required, including:
Electrical Discharge Machining (EDM): Used for molding complex contours or tiny holes;
Precision Turning: Adopting diamond or CBN tools, strictly controlling cutting parameters;

Special Tool Design: Such as negative rake angle tools, low cutting depth, and high feed

strategies;
Vacuum Welding: Completing joining in protective atmospheres or vacuum to avoid oxidation.

These processes involve high equipment investment and place extremely high requirements
on technical experience of operators, further pushing up processing difficulty and cost of

tungsten crucibles.

Fundamental reason why tungsten crucibles are difficult to process lies in three major



characteristics of tungsten material itself: high hardness, high brittleness, and high modulus of
elasticity. These characteristics directly lead to short tool lifespans, high edge chipping risks,
difficult dimensional control, and welding difficulties. When facing high-precision or complex
structure customization needs, advanced processes such as EDM, precision turning, special
tools, and vacuum welding must be relied upon, causing processing difficulty and costs to rise
significantly. Therefore, choosing supplier with rich experience and professional equipment
capabilities (such as Chinatungsten Online) is key to ensuring tungsten crucible quality and

delivery cycles.

Q27: Why Are Tungsten Crucibles Prone to Welding Cracks?

A: Tungsten crucibles are prone to welding cracks because tungsten exhibits significant room-
temperature brittleness. Common welding-related problems include thermal stress, grain
boundary embrittlement, impurity segregation, rapid cooling, and oxygen contamination.
Long-term production experience summarized by Chinatungsten Online indicates that

preheating and helium shielding during welding can significantly reduce cracking risks.

Q28: Why Is Purity of Tungsten Crucible Important?
A: Purity of tungsten crucible is crucial for both service life and product quality. Purity directly
affects high-temperature strength, volatilization contamination, recrystallization behavior,

grain boundary stability, and contamination risks to processed media such as semiconductors,



sapphire, and glass. Therefore, high-end applications usually require tungsten crucibles with

purity levels of 3N5 (99.95%), 4N (99.99%), or even higher.

Q29: Why Is HIP Process Key to Tungsten Crucible Production?

A: Hot Isostatic Pressing (HIP) is an advanced powder metallurgy technology combining high
temperature with omnidirectional gas pressure, playing a critical role in manufacturing high-
end tungsten crucibles. Tungsten crucibles are widely used in demanding high-temperature
environments such as sapphire crystal growth, rare earth smelting, semiconductor epitaxy
applications including Molecular Beam Epitaxy (MBE) sources, and high-melting-point metal
evaporation. Their performance directly influences equipment stability and product yield.
Importance of HIP process in tungsten crucible production is mainly reflected in following

aspects:

(1) Significantly Reduce Porosity and Improve Densification

Tungsten crucible green bodies prepared by conventional atmospheric sintering or vacuum
sintering often retain micron-level closed pores or interconnected porosity, resulting in
densities of only 90%-95% of theoretical density. HIP applies densification treatment under
argon isostatic pressure of 100-200 MPa and temperatures of 1800-2200°C, effectively
eliminating internal voids and increasing tungsten crucible density to above 99%, or even close

to theoretical density, thereby greatly reducing defect sources.

(2) Improve High-Temperature Strength and Creep Resistance

Tungsten crucibles usually operate for extended periods in environments exceeding 2000°C.
Tungsten materials without HIP treatment are more susceptible to creep deformation or
intergranular cracking because of residual pores and grain boundary defects. HIP treatment
eliminates pores and improves grain boundary bonding, significantly enhancing high-
temperature flexural strength and creep resistance, ensuring dimensional stability during long-

term thermal cycling.

(3) Enhance Thermal Conductivity and Thermal Shock Resistance

Internal pores seriously hinder heat transfer, increasing local temperature gradients within
crucible walls and generating thermal stress that may cause cracking. HIP treatment produces
a uniform and dense microstructure, allowing thermal conductivity to increase by
approximately 20%-40%, thereby improving resistance to thermal shock during rapid heating

and cooling.

(4) Reduce Leakage and Permeation Risks
During contact with molten metals, oxide melts, or semiconductor raw materials,
interconnected pores and microcracks trigger melt penetration or component leakage,

inducing equipment degradation and environmental contamination. HIP processing seals



internal interconnected channels, delivering exceptional vacuum airtightness and anti-leakage

characteristics required for semiconductor and ultra-high vacuum applications.

(5) Extend Service Life and Reduce Comprehensive Costs

By minimizing internal defects and suppressing crack initiation and propagation, HIP treatment
can increase service life of tungsten crucibles to approximately 2-3 times that of conventional
sintered crucibles. Although HIP increases manufacturing costs, overall economic benefits
improve significantly when considering reduced furnace downtime, lower replacement

frequency, and enhanced process stability.

(6) Meet Strict Standards in Semiconductor and Compound Semiconductor Industries

Applications such as MBE source furnaces, silicon carbide epitaxy (Silicon Carbide, SiC), and
gallium arsenide crystal growth (Gallium Arsenide, GaAs) require extremely high purity,
airtightness, thermal uniformity, and lifespan reliability. High-end semiconductor equipment
commonly adopts HIP as standard production procedure because tungsten crucibles without
HIP treatment generally cannot satisfy requirements for low defects, long service life, and high

repeatability.

Hot Isostatic Pressing process is not only core technology for improving physical and
mechanical properties of tungsten crucibles, but also critical guarantee for long-term stable
operation under high-temperature, high-vacuum, and high-purity conditions. In modern
industries emphasizing high yield and low maintenance frequency, HIP has evolved from
optional technology into essential requirement, becoming important indicator of whether

tungsten crucible possesses high-end application capability.



Operations and Maintenance Issues of Tungsten Crucibles

Q30: Do Tungsten Crucibles Need Preheating Before Use?

A: Under most operating conditions, preheating of tungsten crucibles is recommended.
Preheating helps reduce thermal shock, remove adsorbed gases, improve temperature
uniformity, and lower cracking risks. Large tungsten crucibles especially require slow and

controlled heating.

Q31: What Is Recommended Heating Rate for Tungsten Crucible?

A: No unified industry standard exists for heating rates of tungsten crucibles. Chinatungsten
Online believes general principles include: small components may be heated faster, large
components should be heated slowly, initial heating stages should remain gradual,
recrystallization temperature zones require careful control, and local overheating must be
avoided. In many cases, segmented heating curves from furnace systems can serve as practical

references.

Q32: Do Tungsten Crucibles Require Slow Cooling?

A: Based on accumulated customer operating experience, Chinatungsten Online recommends



slow cooling in most cases. Slow cooling reduces thermal stress, lowers cracking probability,

and minimizes structural damage, while rapid cooling intensifies thermal shock.

Q33: How Should Tungsten Crucibles Be Stored and Transported?

A: Tungsten crucibles are typical high-value, high-purity, ultra-high-temperature refractory
metal products. Storage and transportation management affects not only logistics but also
process stability, vacuum compatibility, and service life. In applications such as sapphire crystal
growth, Molecular Beam Epitaxy (MBE), semiconductor evaporation coating, rare earth
smelting, and vacuum thermal fields, tungsten crucibles often operate above 2000°C, placing

extremely strict requirements on purity, density, airtightness, and structural integrity.

Because tungsten belongs to Body-Centered Cubic (BCC) refractory metals with melting point
of approximately 3422°C, it exhibits extremely high strength and low vapor pressure at elevated
temperatures, but also significant room-temperature brittleness. High-purity tungsten
crucibles that have undergone sintering, recrystallization, or HIP densification are especially
sensitive to mechanical impact, local stress, and environmental contamination. Many
engineering failures originate not during operation, but from hidden cracks, contamination, or

oxidation generated during transportation and storage.

Furthermore, high-purity tungsten is highly sensitive to oxygen, water vapor, oil contamination,
chloride ions, and airborne impurities. Even trace contamination can become outgassing or
evaporation contamination source in ultra-high vacuum environments, ultimately affecting
crystal quality and semiconductor yields. Therefore, vacuum packaging, inert gas encapsulation,

shockproof transportation, and clean management systems are widely adopted internationally.

Chinatungsten Online recommends following precautions during storage and transportation

of tungsten crucibles:

(1) Maintain Dry Storage Environment

Tungsten crucibles should be stored in low-humidity, clean, and dry environments. Moisture
adsorption on tungsten surfaces can later generate outgassing under high-temperature
vacuum conditions, affecting vacuum stability, epitaxy quality, coating purity, and thermal field
cleanliness. Ultra-high vacuum applications such as MBE, SiC epitaxy, and GaAs crystal growth
are particularly sensitive to moisture contamination. Therefore, constant temperature and

humidity storage, dry cabinets, and low dew-point environments are recommended.

(2) Prevent Moisture and Condensation
Preventing temperature fluctuations during logistics mitigates moisture condensation on
tungsten surfaces, especially within ocean shipping, winter transit, and humid conditions.

Condensation induces surface oxidation while introducing corrosive ions that initiate



degradation during subsequent high-temperature processing. Technical tungsten products
thus implement vacuum aluminum foil bags, moisture-proof films, desiccants, and double-

sealed packaging protocols.

(3) Avoid Contact with Acids, Alkalis, and Corrosive Media

Although tungsten exhibits excellent chemical stability under vacuum and inert atmospheres,
it remains sensitive to strong oxidizing acids, molten alkalis, halogen-containing atmospheres,
and fluorinated environments. Storage areas should therefore remain isolated from

hydrochloric acid, nitric acid, ammonia, chloride vapors, and corrosive industrial chemicals.

(4) Prevent Mechanical Impact and Localized Stress

Tungsten crucibles possess very high high-temperature strength but remain brittle at room
temperature. Large-sized crucibles, thin-wall crucibles, deep-cavity structures, welded
crucibles, and recrystallized crucibles are especially vulnerable to microcrack formation caused
by local impacts. Dropping, extrusion, vibration, or concentrated point loading must therefore
be avoided. Many failures during initial high-temperature operation actually originate from

invisible transportation-induced cracks.

(5) Adopt Independent and Vacuum Packaging

High-purity tungsten crucibles usually utilize individual packaging to prevent friction and
particle contamination. Common packaging methods include: Vacuum packaging, inert gas
encapsulation with argon or nitrogen, clean packaging, anti-static packaging, aluminum foil
moisture-proof bags, and EVA buffer packaging. International refractory metal industry
generally adopts double-layer sealing, vacuum packing, and inert gas backfilling to minimize

oxidation and moisture intrusion risks.

(6) Prevent High-Temperature Oxidation
Tungsten oxidizes rapidly in high-temperature air, generating volatile tungsten trioxide (WOs),
which continuously consumes tungsten through sublimation. Oxidation characteristics

generally follow trends below:

Temperature  Oxidation Characteristics

<300°C Oxidation is relatively slow
400-500°C Oxidation intensifies significantly
>600°C Oxidation rate increases rapidly
>800°C Severe WOjs volatilization occurs

Storage and transportation thus require omitting high-temperature air exposure, hot-humid
environments, solar exposure, and prolonged oxygen contact. Mitigation measures comprise
vacuum preservation, inert gas shielding, anti-oxidation coatings, and oxygen content

monitoring.



(7) Strengthen Shockproof Design for Long-Distance Transportation

Large-size, thin-wall, or HIP-densified tungsten crucibles often require advanced shockproof
packaging because standard packaging may not sufficiently resist transportation vibration.
Common protective measures include: multi-layer foam buffering; positioning support
structures; wooden shockproof cases; anti-vibration suspension systems; and anti-
displacement fixtures. Long-term vibration can induce grain boundary microcrack propagation,

weld fatigue, stress concentration, and dimensional deviation.

(8) Apply Clean Management for Semiconductor Products

Semiconductor tungsten crucibles used in MBE, SiC epitaxy, gallium nitride (GaN), gallium
arsenide (GaAs), and vacuum thermal evaporation require strict clean management.
Recommended measures include: powder-free gloves; avoiding bare-hand contact; preventing
oil contamination; avoiding particle contamination; preventing fiber shedding; and unpacking
in clean environments. Even trace contaminants can become evaporation contamination

sources under high-temperature vacuum conditions.

(9) Establish Transportation Tracking and Acceptance Procedures

For high-value tungsten crucibles, Chinatungsten Online recommends maintaining: factory
inspection reports; packaging photo records; transportation tracking records; arrival
appearance inspections; dimensional re-inspection; and vacuum performance re-testing. Some
semiconductor customers additionally perform ultrasonic testing, X-ray inspection, helium leak

testing, and surface cleanliness analysis before installation.

(10) Avoid Mixed Transportation with Ordinary Industrial Products

High-purity tungsten crucibles present chemical incompatibility regarding co-transportation or
mixed storage with chemicals, lubricants, acid-base materials, metal powders, or corrosive gas
sources. Operational data tracked by CTIA GROUP indicates that mixed transportation induces
cross-contamination, packaging adsorption defects, surface chemical residue retention, and
subsequent outgassing anomalies during thermal processing, necessitating proprietary clean

shipping infrastructure common to high-end semiconductor manufacturing.

Storage and transportation management forms essential part of high-purity refractory metal
control systems. Because tungsten combines ultra-high melting point, high-temperature
strength, low vapor pressure, room-temperature brittleness, and high-temperature oxidation
sensitivity, its logistics requirements are far stricter than those of ordinary metals. Integrating
global industrial insights, CTIA GROUP demonstrates that high-tier tungsten crucible
management prioritizes core parameters over simple damage mitigation, emphasizing instead
prevention of hidden cracks, material contamination, moisture adsorption, oxidation, and
vacuum incompatibility. Particularly within semiconductor, sapphire, Molecular Beam Epitaxy

(MBE), and ultra-high vacuum industries, numerous process anomalies ultimately trace back to



unoptimized packaging or transportation stages.

Q34: Can Tungsten Crucible Be Cleaned?

A: Generally speaking, tungsten crucibles can be cleaned. However, cleaning tungsten crucibles
requires special caution. According to our compilation, cleaning methods for tungsten crucibles
include: mechanical cleaning, ultrasonic cleaning, vacuum bake-out, and chemical cleaning.
During process, occurrence of behaviors like using strongly oxidizing acids, strong alkalis, and

rough scraping must be avoided.

Q35: How Can Oxidation of Tungsten Crucibles Be Prevented?

A: Tungsten reacts extremely easily with oxygen at high temperatures to generate volatile
oxides, leading to rapid crucible consumption. Core of preventing and avoiding oxidation of

tungsten crucibles lies in cutting off its contact with oxygen. Main methods include:
(1) Create Vacuum Environment

Operating tungsten crucibles under vacuum conditions is most direct and effective means to
prevent oxidation. Higher vacuum degree, lower residual oxygen partial pressure, making it
harder for oxidation reactions to occur. Operating under vacuum degree of 10 Pa or higher is

typically recommended.
(2) Use Inert Atmosphere Protection

If vacuum cannot be maintained, high-purity argon (Ar) or nitrogen (N,) can be adopted as

protective gas. By continuously introducing inert gas and exhausting air from furnace, oxygen



content can be substantially reduced. Argon performs better than nitrogen, especially suitable

for high-temperature environments.
(3) Build Low-Oxygen System

Setting up oxygen-absorbing materials (such as titanium wires, zirconium foils) inside furnace
body or configuring gas purification devices can actively absorb trace oxygen, keeping work

zone at extremely low oxygen partial pressure to suppress oxidation.
(4) Maintain Dry Atmosphere

Water vapor decomposes to release oxygen at high temperatures, posing oxidation risk to
tungsten. Therefore, working gases should undergo thorough drying treatment (such as using

molecular sieves or cold traps) to avoid moisture entering furnace chamber.
(5) Apply Anti-Oxidation Coatings

Coating surface of tungsten crucible with anti-oxidation coatings, such as tantalum coatings,
yttria coatings, or silicide coatings, can form dense protective layer at high temperatures to
isolate oxygen. This method is suitable for use under conditions where oxygen cannot be

strictly controlled.
(6) Optimize Furnace Airflow Design

Reasonably designing positions of air inlets and exhaust ports allows protective gas to flow
from inside of crucible outward, which can effectively flush and exhaust volatiles and residual

oxygen, preventing oxygen from accumulating around crucible.
(7) Reduce Exposure to High-Temperature Air

When loading/unloading crucibles or opening furnace for inspection, avoid exposing high-
temperature crucibles directly to air as much as possible. Opening furnace door only after
furnace temperature drops to room temperature or below 200°C, or using transfer cabins for

material exchange, is recommended.
(8) Real-Time Monitoring of Oxygen Content

Installing oxygen sensors or Residual Gas Analyzers (RGA) inside furnace allows continuous
monitoring of oxygen partial pressure or dew point. When oxygen content exceeds set

threshold, system can automatically alarm or start protection programs.
(9) Adopt Shielding Structures

Chinatungsten Online points out that under certain specific process conditions (such as open
systems or continuous operation furnaces), metal or ceramic shielding covers can be installed

around periphery of crucible to reduce diffusion and flushing of oxygen toward crucible surface,



thereby lowering oxidation rate.
(10) Choose High-Purity Tungsten Materials

Impurities contained within crucible itself (such as iron, molybdenum, and carbon) can also
catalyze oxidation reactions at high temperatures. Crucibles made of high-purity tungsten
(purity 99.95%) possess better anti-oxidation capabilities than ordinary industrial tungsten

crucibles.

In summary, preventing oxidation of tungsten crucibles should prioritize environment control
(vacuumfinert gas), combined with coatings, airflow design, and process operation
specifications. During actual application, one or multiple combined schemes can be selected
based on equipment conditions, temperature ranges, and process requirements to maximize

service life of crucible.

Q36: Why Does Inner Wall of Tungsten Crucible Coarsen?

A: Coarsening of inner wall of tungsten crucible is result of combined action of multiple physical

and chemical mechanisms during high-temperature use, mainly including following aspects:

(1) Grain Growth: In long-term high-temperature environments, tungsten grains spontaneously
grow, leading to reduction in grain boundaries and transition of surface from fine structure to

coarse crystal planes, manifesting as macroscopic coarsening;

(2) High-Temperature Evaporation and Re-Deposition: Tungsten undergoes evaporation at
high temperatures (especially under vacuum or low-pressure conditions), subsequently
condensing on parts with lower temperatures, causing material migration and resulting in

uneven inner wall surface;

(3) Action of Oxidation: Even in presence of trace oxygen, high temperatures oxidize tungsten
to generate volatile oxides (such as WO,. WO;), leading to surface corrosion and forming

characteristic stepped or layered rough structure;

(4) Melt or Impurity Corrosion: If crucible contains metals (such as aluminum and titanium) or
oxide melts, active components in melt will undergo interfacial reactions or erosion with

tungsten, destroying originally smooth inner wall;

(5) High-Temperature Thermal Migration and Recrystallization: Temperature gradients and
thermal stress drive diffusion and recrystallization behavior of tungsten atoms, leading to

abnormal local grain growth or surface protrusions, further exacerbating coarsening.

In summary, tungsten crucible inner wall coarsening is driven by coupled thermal, chemical,

and diffusion factors rather than single variables, with high-temperature oxidation frequently



inducing characteristic stepped microstructures.

Application Industries of Tungsten Crucibles
Q37: Why Do MBE Systems Utilize Tungsten Crucibles?

A: Molecular Beam Epitaxy (MBE) systems define advanced semiconductor thin-film growth
under ultra-high vacuum (UHV) environments. These systems utilize tungsten crucibles
because metallic tungsten offers low vapor pressure, high-temperature stability, low thin-film
contamination risk, continuous stable evaporation, and UHV compatibility. Since MBE

processes are highly sensitive to impurities, tungsten represents key material choice.

Q38: Why Use Tungsten Crucibles in Electron Beam Evaporation?

A: Electron beam evaporation utilizes tungsten crucibles because metallic tungsten tolerates
localized high temperatures, avoids self-evaporation during metal melting, and prevents
coating contamination. High-purity tungsten crucibles are thus highly suited for metal

evaporation and high-melting-point material deposition.

Q39: What Technical Challenges Do Tungsten Crucibles Face in Sapphire Industry?

A: Tungsten crucible is indispensable core high-temperature container in sapphire crystal
growth (especially Kyropoulos method and Heat Exchanger Method). In actual applications,

tungsten crucibles face following main challenges and problems:
(1) Creep and Grain Coarsening Brought by Long-Term Ultra-High Temperature Operation

Sapphire growth temperatures are usually above 2050°C, approaching or exceeding
recrystallization temperature of tungsten. Being in this extreme environment for long periods

causes tungsten crucibles to undergo recrystallization, leading to grain growth and decreased



grain boundary strength, which in turn triggers volume expansion and creep deformation,

causing crucible to lose roundness or even crack in severe cases.
(2) Massive Thermal Stress and Thermal Fatigue Damage

Sapphire growth process consists of multiple stages such as heating, crystal growth, crystal
pulling, and cooling, involving massive temperature gradients. Severe thermal expansion
mismatch occurs along wall thickness direction of tungsten crucible and between bottom and
side walls, forming high-amplitude thermal stress. Under repeated thermal cycling, thermal

fatigue gradually accumulates microcracks, ultimately leading to sudden fracturing.
(3) Local Overheating and Erosion under Complex Temperature Field Conditions

Temperature field distribution inside sapphire growth furnaces is highly non-uniform, and
different regions of crucible endure different thermal loads. Local overheating accelerates
volatilization and consumption of tungsten materials, while micro-chemical reactions or
physical erosion may occur at contact part between melt (alumina) and crucible. Especially

when impurities are present, crucible lifespan is significantly shortened.
(4) High-Temperature Oxidation Risk (Even in High Vacuum Environments)

Although sapphire growth is conducted under vacuum or inert atmospheres, if system has
trace leaks or residual moisture/oxygen, high-temperature tungsten crucibles will still be
oxidized to generate volatile tungsten oxides, causing mass loss and surface ablation. Once

oxidation occurs, crucible fails rapidly.
(5) Extremely High Material and Manufacturing Costs

Tungsten belongs to rare refractory metals. Its powder metallurgy and subsequent processing
(spinning, welding, sintering) involve complex processes and limited yield rates, making unit
cost of large-sized crucibles extremely expensive. Frequent crucible replacements drastically

raise production cost of sapphire single crystals.
(6) Lifespan Bottlenecks under Large-Sizing Trends

With increasing demands for ultra-large sized sapphire crystals from consumer electronics and
LED substrates, diameter and height of tungsten crucibles continuously increase (currently
reaching over 400 mm or even larger). Larger size, harder wall thickness uniformity control,
more concentrated thermal stress, and more significant recrystallization impact, causing
lifespan of large-sized crucibles to be much lower than that of small-sized crucibles,

representing key bottleneck restricting mass production of large-specification sapphire.

Core challenges faced by tungsten crucibles in sapphire industry can be summarized as: high-

temperature mechanical property degradation (creep and recrystallization), thermal stress



fatigue, trace oxidation, high costs, and lifespan drops brought by large-sizing. Resolving these
challenges requires starting from aspects like tungsten material purification, grain refinement,

structural optimization design, and coating protection.

Q4o0: Can Tungsten Crucibles Be 3D Printed?

A: Tungsten crucibles with complex shapes and operating requirements already have 3D
printing manufacturing processes. Current research and experimental directions include
processes like EBM, SLM, and laser additive manufacturing. Although 3D printing process of
tungsten crucibles can resolve many complex shape requirements, it also faces many
challenges, such as cracking, porosity, residual stress, and densification difficulties. However,
research and practice from Chinatungsten Online indicate that additive manufacturing will

surely become one of future directions. (www.ctia.com.cn)

Procurement and Selection Issues of Tungsten Crucibles
Q41: What Are Most Important Parameters When Purchasing Tungsten Crucibles?

A: Based on practical experience of Chinatungsten Online in designing and customizing metal
products for global clients over nearly thirty years, particularly serving numerous Fortune
Global 500 enterprises, key parameters of tungsten crucibles directly affect their service life,
thermal stability, and process adaptability. Procurement should focus on following core

technical parameters:
(1) Purity

Purity of tungsten crucibles is usually required to be 99.95% and above. High purity can reduce
impurity volatilization or reaction with melts at high temperatures, avoiding product
contamination, which is crucial in high-cleanliness processes like semiconductors and sapphire

crystal growth.


https://www.ctia.com/

(2) Density (Including Density Range)

Density is core indicator to measure sintering or forging quality of tungsten crucibles.
Theoretical density is 19.3 g/cm?, and actual product density is usually required to be above 18.5-
19.0 g/cm>. Higher density, lower porosity, and stronger thermal shock resistance and corrosion

resistance.
(3) Wall Thickness

Wall thickness directly affects mechanical strength and thermal conductivity performance of
crucible. Excessively thin walls deform or rupture easily, while excessively thick walls lower
thermal efficiency. Reasonable designs based on operating temperatures, melt weights, and
thermal cycling frequencies are required, and wall thickness tolerance ranges should be

clarified.
(4) Dimensions (Including Tolerances)

Geometric dimensions including outer diameter, inner diameter, and height. Tolerance control
levels determine mating precision of crucible with matching components like heating elements
and insulation layers. Controlling dimensional tolerances within £0.1 mm is usually

recommended, specifically depending on furnace type.
(5) Concentricity

Concentricity reflects relative position deviation of inner and outer circles of crucible. Good
concentricity (such as <0.2 mm) can ensure uniform heating temperature field, reduce local

overheating or stress concentration, and significantly extend service life.
(6) Surface Roughness

Surface roughness affects melt adhesion, ease of cleaning, and thermal radiation absorption.
Inner surfaces are generally required to have Ra < 1.6 um, and outer surfaces Ra < 3.2 um.

Smooth surfaces help reduce melt residue and impurity adsorption.
(7) Grain Structure

Grain structure determines high-temperature mechanical properties of tungsten crucibles.
Fine-grained, uniform structures can enhance thermal shock resistance and creep resistance.
Optimized grain structures are typically obtained through forging or recrystallization annealing

processes to avoid coarse columnar grains.
(8) Operating Temperature (Range)

Clarifying working temperature interval of tungsten crucible, for example, 1800°C-2600°C.
Different temperatures correspond to different material failure mechanisms (such as

recrystallization, grain growth, volatilization), requiring appropriate preparation processes



based on this parameter.
(9) Atmosphere Conditions

Refers to gas composition of crucible application environment, such as vacuum, inert gases
(argon, nitrogen), reducing atmospheres (hydrogen), or oxidizing atmospheres. Tungsten
oxidizes readily during high-temperature oxygen exposure; hence, vacuum or inert

atmospheres represent standard application conditions.
(10) Melt Type

Different melts (such as sapphire melt, metal melts, glass melts) have different corrosiveness
toward crucible. Melt chemical composition needs to be clarified to evaluate its compatibility

with tungsten, and protective coatings or linings can be added when necessary.

Additionally, actual procurement should focus on supply batch consistency, non-destructive
testing reports (such as ultrasonic flaw detection), thermal cycling test data, and after-sales
service terms. Chinatungsten Online recommends that during design and custom stages,
matching processing demands and verifying parameters remain essential to embed verifiable
technical specifications into contract clauses, securing tungsten crucible performance and
durability under actual working conditions. For more detailed parameter comparison table or

customized schemes, contact Chinatungsten Online directly to acquire technical support.

Q42: Is Thicker Wall Always Better for Tungsten Crucible?

A: Increased wall thickness in tungsten crucibles is not directly proportional to enhanced
performance. If wall thickness of tungsten crucible is too thick, it leads to high costs, large
thermal inertia, slow temperature response, and potentially larger thermal stress; conversely,
if wall thickness of tungsten crucible is too thin, it faces problems like easy deformation, easy
burn-through, and short lifespans. Therefore, wall thickness of tungsten crucible requires

balanced considerations in all aspects during design.



Q43: Do Tungsten Crucibles Require Polishing?

A: Critical tungsten crucible applications require polishing to lower contamination risk, reduce
defect nucleation sites, stabilize evaporation performance, and decrease material hanging.

Semiconductor processing, in particular, imposes strict technical demands on inner wall quality.

Q44: What Are Differences Between Domestic and Imported Tungsten Crucibles?

A: Chinatungsten Online believes that differences exist between most domestic tungsten
crucibles and some high-quality imported tungsten crucibles. These differences typically
manifest in whether high-purity powders are adopted, level of densification, grain control
quality, welding process execution, surface treatment refinement, dimensional precision
capability, and quality stability across different batches of tungsten crucibles. This does not
mean high-quality domestic tungsten crucibles cannot equal or surpass products imported
from abroad; especially in recent years, domestic technological progress has been very obvious,

and quality of high-purity tungsten crucibles has achieved overall major upgrade.

Q45: Are Tungsten Crucibles Classified as Consumables?

A: Manufacturing sectors treat tungsten crucibles as high-value consumables. Severe high-
temperature environments induce gradual oxidation, creep, recrystallization, and thermal
fatigue despite proper operations, limiting maximum crucible lifespan. Because shifting
tungsten market trends raise raw material asset values, crucible scrap recovery yields increase

alongside elevated component replacement costs. (Refer to WeChat public account -



Chinatungsten Online - for current tungsten pricing metrics)

Extreme Operating Environments and Research Issues of Tungsten Crucibles
Q46: Are Tungsten Crucibles Suitable for Nuclear Industry?

A: Targeted scenarios within nuclear industries frequently select tungsten crucibles due to
metallic tungsten characteristics such as high-temperature mechanical stability, intense
radiation resistance, and ultra-low vapor pressure. However, unique environmental constraints
in nuclear reactors including neutron activation, localized embrittlement, and severe radiation

damage require detailed performance analysis to ensure long-term material compatibility.

Q47: Why Do UHV Systems Require High Purity Tungsten Crucibles?

A: Ultra-high vacuum (UHV, pressures below 107 Pa) systems place extremely strict
requirements on purity of internal materials. As common heating evaporation sources or core
components of epitaxial effusion cells, purity of tungsten crucibles directly determines whether
UHV systems can maintain ultimate vacuum and achieve high-quality thin-film preparation.

Specific reasons are as follows:
(1) Suppress Impurity Outgassing to Maintain Ultimate Vacuum

Essence of UHV systems is minimizing interference of residual gas molecules with surface
processes such as cleaning, adsorption, and epitaxy. Trace alkali metals, iron, nickel, carbon,
and volatile compounds contained in industrial-grade tungsten (such as 99.5%) can release H,0,
CO, CO,, or low-melting-point metal vapors at high temperatures. These outgassing sources
make it difficult for vacuum systems to transition from high vacuum (HV) to ultra-high vacuum

(UHV), and may even degrade ultimate vacuum by 1-2 orders of magnitude. High-purity



tungsten (299.99%) contains extremely low impurity levels, effectively suppressing outgassing

and ensuring long-term stability of UHV background pressure.
(2) Prevent High-Temperature Evaporation Contamination to Ensure Film Purity

In Molecular Beam Epitaxy (MBE), electron beam evaporation, and high-temperature annealing
processes, tungsten crucibles are frequently heated above 1500°C. Under such conditions,
vapor pressure of crucible materials becomes critical. If tungsten contains volatile impurities
such as sodium, potassium, or calcium, even ppm-level impurities may preferentially evaporate
and deposit onto substrates together with target evaporation materials such as aluminum,
gallium, or indium. During fabrication of semiconductor heterojunctions such as GaAs/AlGaAs
or two-dimensional materials, ppb-level impurity incorporation can alter carrier concentrations
and generate deep-level defects, severely degrading device performance. Ultra-high purity
tungsten (above 99.999%) minimizes impurity evaporation flux and helps maintain

stoichiometric ratios and electrical properties of thin films.
(3) Avoid Chemical Reactions and Corrosion to Extend Crucible Service Life

Non-metallic impurities such as oxygen and carbon in low-purity tungsten may react with
evaporation materials under high-temperature UHV conditions. For example, oxygen
impurities can oxidize active metals such as aluminum and rare earth metals, generating
refractory oxides that contaminate evaporation beams, while carbon impurities may form
brittle tungsten carbide phases at high temperatures, leading to crucible cracking. High-purity
tungsten exhibits superior chemical inertness, significantly reducing such side reactions,
extending service life, and avoiding contamination or process interruptions caused by crucible

failure.
(4) Ensure Thermal Stability and Temperature Field Uniformity

Impurity atoms act as defects or second-phase particles within tungsten crystal lattice,
damaging grain boundary structures and inducing stress concentration and crack initiation
during severe thermal cycling. High-purity tungsten possesses more uniform thermal
conductivity and more stable high-temperature strength, enabling it to withstand repeated
heating and cooling cycles in UHV systems, such as MBE source furnace switching, while
maintaining long-term beam stability and temperature field uniformity. This stability is critical

for thickness and composition control in multilayer heteroepitaxy.

Q48: Why Does Grain Coarsening Occur in Tungsten Crucibles?

A: Grain coarsening occurs because tungsten crucibles undergo recrystallization at high

temperatures. Recrystallization leads to grain growth, reduced toughness, increased



brittleness, and easier crack propagation.

Q49: Why Do Tungsten Crucibles Have Low Evaporation Contamination?

A: Low evaporation contamination is one of primary reasons why tungsten crucibles are widely
used in vacuum and high-temperature applications. This characteristic mainly results from
tungsten’s ultra-high melting point, low vapor pressure, and low volatilization rate at elevated

temperatures, making tungsten crucibles highly suitable for vacuum evaporation processes.

Qs50: What Are Future Technological Development Directions for Tungsten Crucibles?
A: Future technological development trends for tungsten crucibles include:

(1) Nanocrystalline strengthening, (2) tungsten-based composite materials, (3) anti-oxidation
coatings, (4) additive manufacturing, (5) intelligent monitoring, (6) long-lifespan design, (7)
ultra-high purity materials, (8) Al-based lifespan prediction, (9) digital twin technology for
production and application, (10) large-scale integrated manufacturing, and (11) recycling and
remanufacturing. Research and production data from Chinatungsten Online indicate that
intelligent monitoring, composite strengthening, Al-assisted design, digital twin applications,
and green recycling technologies have become important future development directions.

(www.ctia.com.cn)



Qs1: What Key Operational Errors Affect Tungsten Crucibles?

A: Technical compilations by CTIA GROUP indicate that frequent operational errors include: (1)
High-temperature exposure to air, (2) direct water cooling, (3) severe cooling and heating
cycles, (4) using oxygen-containing atmospheres, (5) molten strong alkalis, (6) using chlorine-
containing or fluorine-containing systems, (7) local overheating, (8) using damaged fixtures, (9)
ignoring microcracks, (10) long-term over-temperature operations, (11) using contaminated

protective gases, (12) failing to check for vacuum leaks.

Qs52: What Are Primary Advantages and Disadvantages of Tungsten Crucibles?

A: Tungsten crucible is inherently core refractory component facing extreme high-temperature,
high-purity, and vacuum environments. Its greatest advantages lie in its ultra-high melting point,
vacuum stability, extremely low vapor pressure, and high-temperature strength; meanwhile,
weaknesses of tungsten crucibles are high-temperature oxidation, room-temperature
brittleness, thermal shock risks, high costs, and difficult processing. Looking at global data, vast
majority of questions regarding tungsten crucibles ultimately involve following four cores:
temperature, atmosphere, thermal stress, and material purity. When these four factors are
controlled properly, tungsten crucible represents one of most irreplaceable key materials in

current ultra-high temperature industry.



High-Frequency Industry Questions from International Market
1. Can Tungsten Crucibles Be Used in Oxidizing Atmospheres?

Tungsten crucibles can be used in oxidizing atmospheres only under low-temperature and
short-duration conditions. For high-temperature or long-term applications, their use is not
recommended due to rapid oxidation. In such cases, a protective atmosphere (e.g., inert gas

or vacuum) or an oxidation-resistant coating must be applied to prevent degradation.

2. Why Do Tungsten Crucibles Crack?
The main reasons for cracking in tungsten crucibles include the following:
Thermal Shock

Abrupt temperature changes induce thermal stresses within the tungsten material, leading to

cracking.
Oxidation

In high-temperature oxidizing environments, tungsten forms volatile oxides, which reduce wall

thickness and may cause cracking.
Mechanical Stress

Improper installation or uneven external forces can cause stress concentration in the crucible,

initiating cracks.
Grain Growth

Prolonged exposure to high temperatures coarsens tungsten grains, reducing material

toughness and increasing the risk of cracking.
Improper Heating Profile

Unreasonable heating or cooling rates, as well as non-uniform temperature holding, can

exacerbate thermal stress accumulation, leading to cracks.

3. Are Tungsten Crucibles Chemically Inert?

Under vacuum or inert atmospheres, tungsten crucibles exhibit high chemical stability and
perform well. However, they are not absolutely inert and can be significantly attacked by the
following environments: halogen atmospheres (e.g., fluorine, chlorine), strongly oxidizing

systems (e.g., oxygen, peroxides), and molten alkalis (e.g., sodium hydroxide, potassium



hydroxide).

4. How To Extend Tungsten Crucible Lifetime?

Slow Heating

Avoid rapid temperature rises to reduce thermal stress; control the heating rate.
Reduce Thermal Cycling

Use the crucible continuously when possible to minimize repeated heating and cooling, thereby

reducing thermal fatigue.

Avoid Air Exposure

Prevent contact with air at high temperatures to avoid oxidation.

Maintain Low Oxygen

Operate under vacuum or inert gas atmosphere to keep a low oxygen partial pressure.
Avoid Mechanical Shock

Handle the crucible gently during placement and removal to prevent impact or vibration.
Use High-Purity Materials

Reduce chemical attack from impurities.

Monitor Temperature Field Uniformity

Ensure even temperature distribution inside the furnace to prevent local overheating.








