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Tungsten electrodes may appear to be simple consumables in TIG welding systems, but they 
involve multiple scientific disciplines, including refractory metal science, electron emission 
theory, arc physics, fluid mechanics, welding metallurgy, and process control. In high-end 
manufacturing fields such as pressure vessels, nuclear power, aerospace, semiconductor 
equipment, and precision automation welding, properly selected and well-prepared tungsten 
electrodes often define the upper limit of welding quality. 

Excellent welders do not only know how to weld but also understand tungsten electrodes in 
depth. Welding engineers do not only focus on weld results but also on the process details that 
determine those results. These factors form the technical foundation of high-quality TIG 
welding. 



 
 
FAQ 1: What’s Tungsten Electrode? Why Not Use Ordinary Metal Electrodes? 
 
Tungsten electrode is a non-consumable electrode made from high-purity tungsten or tungsten 
doped with rare-earth oxides. It is mainly used in TIG (GTAW) welding, plasma welding, and 
precision automatic welding systems. 
 
Tungsten (W) is a refractory metal characterized by a melting point of 3422°C, a boiling point of 
5555°C, a density of 19.25 g/cm³, a thermal conductivity of approximately 173 W/m·K, and an 
electron work function ranging from 4.5 to 5.2 eV. 
 
During TIG welding, the core temperature of the arc typically reaches 6000°C to 20000°C. 
Standard steel (melting point ~1500°C), copper (~1085°C), and aluminum (~660°C) cannot serve 
as stable electrodes because they melt rapidly under these conditions. Tungsten retains its 
structural shape and dimensional stability even within extreme high-temperature arc 
environments. 
 
From a materials science perspective, tungsten features a body-centered cubic (BCC) crystal 
structure, allowing it to maintain high-temperature strength far better than common metals. 
This makes it the most industrially mature non-consumable electrode material available. The 
primary function of tungsten electrode is not to form the weld bead itself, but to: (1) establish 
and sustain stable arc; (2) conduct welding current to workpiece; (3) stabilize arc shape and 
energy distribution; (4) ensure uniform heating of weld pool. 
 
Therefore, the quality of tungsten electrode directly influences arc stability, weld bead 
formation, the incidence of welding defects, and the consistency of automated welding. 
 
A common misconception is that because tungsten is a non-consumable electrode, it 
experiences zero degradation. In practice, while it does not contribute material to the weld 
pool, it gradually shortens due to vaporization, burn-off, contamination, and routine grinding. 



 
 
FAQ 2: Why Is Tungsten Electrode Called Non-Consumable Electrode? Does It Truly Never Melt? 
 
Tungsten electrode is called non-consumable electrode in contrast to the welding wires used 
in Shielded Metal Arc Welding (SMAW) and Gas Metal Arc Welding (GMAW). This means that 
during normal welding, tungsten electrode does not act as filler metal to form the weld seam. 
It only serves to conduct electricity, initiate the arc, and maintain arc stability. 
 
From the perspective of arc physics, the heat in TIG welding mainly comes from the arc 
discharge process. The current output by the welding machine passes through tungsten 
electrode, forming a stable arc between the electrode and the workpiece. Electrons move at 
high speed under the electric field, and their kinetic energy is converted into thermal energy, 
melting the base material and filler wire. 
 
Throughout this process, tungsten electrode performs four key functions: 
(1) Provide stable electron emission source 
(2) Establish current conduction path 
(3) Control arc shape and energy distribution 
(4) Regulate heat concentration in weld pool 
 
Due to its high melting point of 3422°C and superior high-temperature strength, the 
temperature of the electrode remains below its melting point when correct technical 
parameters are maintained, preventing it from melting into the weld bead. 
 
Non-consumable does not mean absolutely no melting. Local melting may occur under the 
following conditions: 



(1) The welding current severely exceeds the recommended range for the electrode diameter; 
(2) The wrong polarity is selected for AC (Alternating Current) or DC (Direct Current) operations; 
(3) The torch cooling capacity is insufficient; 
(4) Shielding gas failure causes severe oxidation and burn-off; 
(5) The tungsten tip makes direct contact with the molten pool or filler wire. 
 
Once tungsten electrode melts into the weld, it forms tungsten inclusions. Tungsten inclusions 
not only affect the appearance of the weld but also cause stress concentration, reduce fatigue 
life, and may lead to failure in radiographic testing. 
 
In aerospace, nuclear equipment, and pressure vessel manufacturing, tungsten inclusions are 
usually considered serious defects. Once detected, the defective area must typically be 
completely ground out and re-welded. 
 
The most common misconception about tungsten electrode is that non-consumable electrodes 
never wear out. In reality, although tungsten electrode does not participate in weld formation, 
it still gradually shortens due to evaporation, burning, contamination, and repeated grinding. 
Tungsten electrode is essentially a slow-consumable electrode, not a permanent one. 
 

 
 

 



FAQ 3: What Do Color Codes On Tungsten Electrodes Mean? 
 
A frequent misconception among beginners is that the color on tungsten electrode tip is merely 
a brand aesthetic. In reality, these colors correspond to the internationally standardized 
classification systems for tungsten electrodes (such as ISO 6848 or AWS A5.12M), designating 
the specific rare earth oxide doping system used and the resulting performance characteristics. 
 
While pure tungsten possesses a very high melting point, it suffers from difficult arc ignition, 
limited current-carrying capacity, and poor arc stability. To overcome these limitations, 
manufacturers dope high-purity tungsten with trace amounts of rare earth oxides. These 
additives include thorium oxide (ThO₂), cerium oxide (CeO₂), lanthanum oxide (La₂O₃), and 
zirconium oxide (ZrO₂), as well as multi-component composite oxides. These oxides lower the 
thermionic work function at the electrode surface, allowing electrons to escape into the arc 
zone with less energy. This improves arc starting, enhances arc stability, and extends electrode 
longevity. 
 

Common Tungsten Electrode Color Codes and Characteristics 

Tungsten Electrode Type Color Key Characteristics 

Pure tungsten Green No additives. Forms stable ball tip in AC aluminum welding. Weak arc starting. 

Thoriated Red 2% ThO₂. Strong DC performance and deep penetration. Radioactive concerns. 

Ceriated Gray Easy arc starting. Best for low current and precision thin sheet welding. 

Lanthanated Blue Balanced AC/DC performance. Most widely used general-purpose type. 

Zirconiated White Stable balling resistance in AC welding. Common for aluminum welding. 

Rare earth composite  Violet Excellent arc stability and long service life. Ideal for automated welding. 

 
For general manufacturing facilities requiring a single, versatile electrode grade, the 
lanthanated tungsten electrode (doping with 2% La₂O₃, blue color code) represents the most 
practical choice. It combines reliable arc starting, high current capacity, eco-friendly 
characteristics, and wide process adaptability. 
 
A common misconception is assuming that rare or unique tip colors automatically indicate 
superior quality. Colors represent optimization for specific welding scenarios rather than a 
quality tier. Correct selection must always align with the base metal type, welding current 
parameters, process variant, and power source characteristics. 
 



 
 
FAQ 4: Which Tungsten Electrode Is The Best? 
 
This is one of the most frequently asked questions in the field of tungsten electrode. However, 
from a welding engineering perspective, there is no absolute best tungsten electrode. There is 
only the one most suitable for the specific application. 
 
Tungsten electrode performance must be evaluated comprehensively across multiple 
dimensions: arc starting performance, current-carrying capacity, arc stability, burn resistance, 
automated welding consistency, environmental friendliness, and usage cost. Different 
electrodes have advantages in different indicators. 
 
For example, red thoriated tungsten offers excellent high-current stability and deep 
penetration, serving as the traditional industrial reference for DC welding. Gray ceriated 
tungsten performs well at low current precision welding. Blue lanthanated tungsten balances 
both AC and DC performance. Violet rare earth composite tungsten has obvious advantages in 
robotic automated welding. 
 
If evaluated comprehensively, the general ranking can be summarized as follows: 
Arc starting performance: violet ≈ blue > grey > red > green. 
Automated welding stability: violet > blue > grey. 
Environmental friendliness: blue > grey > violet > green > red. 
High-current carrying capacity: red ≈ violet > blue > grey > green. 
 
Therefore, different industries usually develop different preferences. General machinery 
manufacturing and repair mostly choose blue lanthanated tungsten. Automated welding 



production lines prefer violet rare earth composite tungsten. Traditional DC welding machine 
users still have some that use red thoriated tungsten. AC aluminum welding often uses blue 
lanthanated tungsten or white zirconiated tungsten. 
 
From an industry development perspective, tungsten electrode has undergone clear 
generational evolution. Twenty years ago was the era of red thoriated tungsten. Today we are 
in the blue lanthanated tungsten era. In the future, with the development of automation and 
intelligent welding, violet rare earth composite tungsten is expected to become the 
mainstream choice in high-end manufacturing. 
 
The biggest misconception about which tungsten electrode is best is blindly pursuing so-called 
high-end models while ignoring actual needs. For the vast majority of welders, tungsten 
electrode that is stable, applicable, easy to procure, and matches the parameters is often more 
practical than the strongest-performing but expensive product. 
 

 
 
FAQ 5: Why Is Red-Tip Thoriated Tungsten Electrode Becoming Less Common? 
 
The red-tip tungsten electrode refers to thoriated tungsten electrode doped with 
approximately 2% thorium oxide (ThO₂). Due to its excellent electron emission properties, high 
current capacity, and stable DC welding performance, it historically dominated industrial TIG 
welding. For many veteran welders, thoriated tungsten was synonymous with high-quality 
fabrication. However, its market share has declined steadily due to increasingly stringent 
occupational health and environmental regulations worldwide. Thorium oxide is a naturally 
occurring radioactive material. While the radiation dose generated during normal welding 
operations is extremely low and poses minimal risk to operators, the primary health hazard 
occurs during grinding. 
 
The fine dust generated during electrode sharpening can pose an internal exposure risk if 
inhaled repeatedly over long periods, accumulating in the lungs. Consequently, many 



regulatory frameworks and corporate safety policies in Europe and North America prohibit the 
open grinding of thoriated tungsten, driving the transition to non-radioactive alternatives. 
 
Thoriated tungsten is not universally banned; it remains legal to use in many regions, but it is 
subject to strict operational controls. Standard safety protocols require: 
(1) Utilizing dedicated, enclosed tungsten electrode grinders; 
(2) Installing localized exhaust ventilation or dust collection systems; 
(3) Wearing appropriate Personal Protective Equipment (PPE), such as particulate respirators; 
(4) Implementing workplace exposure monitoring and management programs. 
 
To avoid these compliance burdens, many enterprises have transitioned to non-radioactive 
alternatives such as blue lanthanated, gray ceriated, or violet rare earth composite tungsten 
electrodes. 
 
Some specialized welders still prefer red thoriated tungsten because of its concentrated arc 
profile, reliable depth of penetration, and familiar operating characteristics under high-current 
DC conditions. Therefore, its decline in the mainstream market does not imply deficient 
performance, but rather reflects the industry rebalancing process performance against 
occupational health and safety standards. 
 
The most common misconception is classifying thoriated tungsten as an absolute biohazard 
that cannot be touched. A more accurate engineering perspective is that thoriated tungsten is 
highly effective but demands strict safety protocols; whenever a comparable, lower-risk 
alternative exists, non-radioactive rare earth doped electrodes should be prioritized. 
 

 
 



FAQ 6: Why Does Tungsten Electrode Always Form A Ball At The Tip? 
 
Ball formation at the tip of tungsten electrode is one of the most common phenomena in TIG 
welding. Many beginners think this indicates poor electrode quality. In reality, balling can be a 
normal process phenomenon or an abnormal manifestation caused by incorrect parameter 
settings. The key is to understand the mechanism of ball formation and determine whether it 
is within a reasonable range. 
 
From the perspectives of materials science and arc physics, balling refers to the process in 
which the tungsten electrode tip locally melts under high temperature and re-solidifies under 
surface tension to form an approximately hemispherical structure. Although tungsten has a 
melting point of 3422°C, the arc center temperature can reach 6000–20000°C, so the tip can 
still remelt under excessive local heat input. 
 
Abnormal or unintended balling is typically caused by: 
(1) Operating at a welding current that exceeds the recommended capacity for the electrode 
diameter; 
(2) Incorrect DC polarity configurations, such as accidentally operating in DCEP (Direct Current 
Electrode Positive) instead of DCEN (Direct Current Electrode Negative); 
(3) An excessively high Electrode Positive (EP) balance ratio during AC welding; 
(4) Selecting an electrode diameter that is too small for the job parameters; 
(5) Insufficient torch cooling or a failure in the shielding gas delivery system. 
 
It should be particularly noted that balling does not necessarily mean a process error. In 
traditional line-frequency AC aluminum welding, pure tungsten or zirconiated tungsten is 
usually allowed to form regular, uniform small ball tips. Such ball tips help stabilize the AC arc 
and were once an important feature of classic aluminum welding processes. However, with 
modern inverter AC welding machines, which have significantly improved AC balance and 
waveform control capabilities, more and more processes recommend using sharpened or 
micro-balled tungsten electrode to achieve a more concentrated arc and higher penetration. 
 
From an engineering perspective, abnormal balling causes a series of problems: divergent arc, 
reduced penetration, uncontrolled weld width, difficult arc starting, and shortened electrode 
life. Therefore, when the ball diameter clearly exceeds 1.5 times the electrode body diameter, 
parameters should be adjusted promptly. Correct handling methods include reducing welding 
current, switching to a larger diameter electrode, optimizing the AC balance ratio, and checking 
torch cooling and gas shielding conditions. 
 
The biggest misconception about tungsten electrode balling is that a rounder tip is more stable. 
In fact, the development trend of modern TIG welding is the opposite. Under the premise of 
ensuring stability, minimize the degree of balling as much as possible to improve arc 
concentration and welding quality. 
 



 

 
FAQ 7: How Sharp Should Tungsten Electrode Be Ground? 
 
The geometry of tungsten electrode tip dictates the arc morphology, which directly influences 
weld penetration, bead width, and overall reinforcement profile. Therefore, grinding tungsten 
electrode tip is not a simple action but a process preparation task with clear theoretical basis. 
From the perspective of arc physics, the tungsten electrode tip is actually the electron emission 
area. A sharper tip concentrates electron flow, yielding higher current density and a narrower, 
more stable, deeply penetrating arc column. Conversely, a blunter tip disperses current 
distribution, creating a divergent arc that produces wider, shallower weld profiles. 
 
Engineering practice usually follows the empirical principle that the ground tip length should 
be 2 to 3 times the tungsten electrode diameter. 
 
Examples include: 
For 2.4 mm tungsten electrode, the tip length should be controlled at about 5 to 7 mm. 
For 3.2 mm tungsten electrode, it should be controlled at about 6 to 10 mm. 
In addition to the tip length, the tip angle is equally important. 
About 20° tip angle: arc is highly concentrated, suitable for deep penetration and narrow beads. 
About 30° tip angle: balanced overall performance, the most commonly used general angle. 
About 60° tip angle: wider arc, suitable for thin plates and wide welds. 
 
In automated welding and robotic welding, a 25° to 35° tip angle is usually recommended to 
balance consistency and stability. 
 
From engineering practice, many welding quality problems actually stem from non-standard 



grinding. For instance, an overly long tip leads to insufficient mechanical strength and increased 
burning loss. An overly short tip causes arc divergence and insufficient penetration. The correct 
approach is to select the appropriate tip angle based on material thickness, welding position, 
and heat input requirements, rather than mechanically applying fixed dimensions. 
 
A common misconception is assuming that tungsten electrode must be sharpened like a pencil, 
believing that sharper is always better. While an needle-sharp tip maximizes arc concentration, 
it is highly susceptible to thermal melting, splitting, and weld pool contamination, which 
ultimately degrades arc stability. Excellent welders pursue not the sharpest tip, but the most 
suitable one. 
 

 
 
FAQ 8: Why Must Tungsten Electrode Be Ground Longitudinally? 
 
The grinding direction of tungsten electrode may seem like a minor detail, but it is one of the 
key factors affecting arc stability. Many beginners ignore this, leading to problems such as arc 
deviation, serpentine welds, or even automated welding failure. 
 
From a microscopic perspective, the grinding marks left by the wheel on the tungsten electrode 
surface form electron emission guiding channels. Electrons tend to escape along the direction 
of the marks under the electric field. Therefore, the grinding direction actually determines arc 
stability. When ground longitudinally, the marks are parallel to the tungsten electrode axis, 
allowing electrons to emit uniformly along the axial direction so the arc can stably concentrate 
at the center of the tip. In contrast, circumferential grinding creates concentric circular marks 
around the electrode, causing random changes in electron emission direction and easily 



forming multiple emission centers, which makes the arc drift continuously. This phenomenon 
is known as arc wander. 
 
Arc wander leads to uneven weld formation, fluctuating penetration on both sides, unstable 
arc starting positions, deviation in automated welding trajectories, and reduced welding 
consistency. In nuclear power engineering, aerospace manufacturing, and robotic welding lines, 
longitudinal grinding is written into standard operating procedures as a mandatory technical 
requirement. 
 
The correct grinding method should meet the following principles: 
(1) Grind strictly parallel to the longitudinal axis of tungsten electrode; 
(2) Utilize dedicated grinding wheels or automated tungsten electrode sharpening machines; 
(3) Maintain uniform, continuous grind marks; 
(4) Avoid localized facets, gouges, or thermal discoloration. 
 
The biggest misconception about longitudinal grinding is thinking that as long as the tip is 
sharpened, the direction does not matter. In reality, grinding direction has a more direct impact 
on arc stability than the tip angle itself. For high-quality TIG welding, grinding in the correct 
direction is often more important than grinding very sharp. 
 

 
 



FAQ 9: How Long Should Tungsten Electrode Stick Out? 
 
Tungsten electrode stick-out refers to the distance the tip extends beyond the end of the 
ceramic nozzle. Although this dimension is often only a few millimeters, it simultaneously 
affects gas protection, visibility, and torch accessibility. It is an important parameter in TIG 
welding that is easily overlooked. 
 
From the perspective of fluid mechanics, shielding gas gradually diffuses after leaving the 
nozzle. If tungsten electrode extends too long, the tip may leave the optimal protection zone 
and become exposed to air, causing oxidation. If the extension is too short, the welder has 
difficulty observing the molten pool and the torch has limited access to deep narrow grooves. 
 
Engineering recommendations are usually as follows: 
(1) Standard nozzles: Stick-out length of 3 mm to 5 mm. 
(2) Nozzles with gas lenses: Stick-out length of 6 mm to 10 mm. 
(3) Special conditions such as deep narrow grooves or pipe root passes: can be extended to 10 
to 15 mm, but shielding gas flow must be optimized accordingly. 
 
Unreasonable stick-out length brings obvious consequences. Too long causes tungsten 
electrode oxidation and blackening, increased burning loss, more porosity, and protection 
failure. Too short obstructs the welder’s view, makes wire feeding difficult, and results in 
unnatural operating posture. 
 
Therefore, there is no fixed best value for stick-out length. It should be determined 
comprehensively according to nozzle structure, base material shape, and welding position. 
 
In automated welding, stick-out length is usually strictly standardized, with deviations often 
controlled within ±0.5 mm to ensure consistent heat input. 
 
A frequent misconception is assuming that a longer stick-out is always better because it 
provides an unobstructed view. Excessive extension severely weakens the gas shield. 
Professional welders look for the minimum extension that yields adequate joint visibility while 
preserving complete gas coverage. 



 

 
FAQ 10: Why Does Tungsten Electrode Always Touch The Molten Pool? 
 
Tungsten electrode touching the molten pool is one of the most common problems for TIG 
beginners and the main cause of tungsten electrode contamination and tungsten inclusions in 
the weld. A certain arc length is normally maintained between tungsten electrode and the 
molten pool. When the welder cannot stably control this distance, the tip easily contacts the 
liquid metal. 
 
Main causes of pool touching include: 
(1) Lack of wrist support, causing torch shaking. 
(2) Insufficient arc length control. 
(3) Wire feeding not synchronized with torch movement. 
(4) Unreasonable welding posture. 
(5) Limited observation field. 
 
A classic mistake for beginners occurs when the filler wire accidentally strikes the tungsten tip 
during feeding, pushing it down into the liquid pool. 
 
Once tungsten electrode touches the pool, its surface picks up base metal or filler wire 
components, changing the electron emission characteristics and causing arc deviation, difficult 
arc starting, and weld inclusions. In pressure vessels, nuclear power, and aerospace welding, 
tungsten inclusions are usually deemed unacceptable defects requiring complete repair. The 
correct handling procedure is: (1) stop welding immediately; (2) check the contamination; (3) 
cut off the contaminated end by 3 to 5 mm; (4) perform longitudinal grinding again; (5) confirm 
shielding gas is normal and restart the arc. 



 
From a training perspective, avoiding pool contact is achieved by developing stable manual 
habits rather than simply increasing focus. This includes using the fingers to brace the torch 
nozzle against the workpiece, minimizing unsupported arm distance, maintaining a tight arc, 
and regulating wire feeding frequency. 
 
A common misconception is treating a brief touch as inconsequential. Even momentary contact 
alters the tip chemistry. Professional operators always halt fabrication to re-grind a 
contaminated electrode rather than continuing under a false assumption of safety. 

 

 
FAQ 11: What To Do If Tungsten Electrode Is Contaminated? Why Must It Be Reground? 
 
Tungsten electrode contamination is one of the most common and easily overlooked issues in 
TIG welding. Many welders, upon seeing the tip blackened or with metal attached, tend to 
continue welding in the hope that the high-temperature arc will burn off the contaminants. 
However, from a welding quality control perspective, this practice is wrong and can directly 
lead to weld defects and rework. Tungsten electrode contamination means non-tungsten 
substances attach to the originally pure tip, altering its electron emission characteristics.  
 
Contaminant sources mainly fall into four categories: 
(1) Base metal contamination. This is the most common situation, usually occurring when 
tungsten electrode touches the molten pool. Contaminants may come from carbon steel, 
stainless steel, aluminum alloy, nickel-based alloy, titanium alloy, and other base materials. 
 
(2) Filler wire contamination. For example, wires such as ER70S-6, ER308L, or ER4043 
accidentally touch tungsten electrode during feeding and form an attachment layer on the tip. 
 



(3) Oxidation contamination. When shielding gas coverage is insufficient, the nozzle leaks, or 
post-weld protection time is inadequate, the high-temperature tungsten electrode surface 
easily forms tungsten oxide and other metal oxides, appearing as a blackened tip that loses 
metallic luster. 
 
(4) Impurities deposition, including oil, lubricant residues, cutting fluid, rust products, and 
surface coatings. From the perspective of arc physics, clean tungsten electrode forms a 
uniform and stable electron emission area, resulting in a concentrated and directional arc. 
Contaminated tungsten electrode surface creates multiple emission centers, leading to uneven 
electron escape and random jumping of the arc between different points. 
 
Direct consequences of tungsten electrode contamination include: (1) difficult arc starting; (2) 
arc drift and wander; (3) uneven penetration; (4) increased spatter; (5) tungsten inclusions in 
the weld; (6) deteriorated weld surface appearance. 
 
In high-demand fields such as aerospace, nuclear equipment, pressure vessels, and high-purity 
piping, tungsten inclusions are usually considered unacceptable defects and often require 
complete repair once detected. 
 
The correct handling procedure is: detect contamination → stop welding immediately → cut 
off the contaminated end by about 3 to 5 mm → perform longitudinal grinding again → check 
if the shielding gas system is normal → restart arc welding. 
 
It should be emphasized that regrinding not only restores the tip shape but, more importantly, 
completely removes the contamination layer and restores the original electron emission 
characteristics of tungsten electrode. 
 
The biggest misconception about tungsten electrode contamination is thinking that burning 
off the black part allows continued use. In fact, many contaminants have already diffused into 
the microscopic structure of the tip and cannot be completely removed by the arc alone. The 
truly professional approach is to regrind whenever contamination occurs. 
 



 

 
FAQ 12: Why Does The Arc Always Wander? 
 
Arc wander is a typical arc stability issue in TIG welding. It manifests as the arc failing to burn 
stably along the tungsten electrode axis, instead swinging left and right, drifting in starting 
position, or even causing serpentine weld beads. For manual welding, arc wander reduces 
quality. For automated and robotic welding systems, it can even scrap entire welds. Essentially, 
arc wander is the result of the arc center deviating from the ideal axis. It is closely related to 
uneven electron emission, electromagnetic field interference, and abnormal shielding gas flow. 
 
Main causes of arc wander fall into the following five categories: 
(1) Circumferential grinding. This is the most common cause. Circumferential marks create 
multiple electron escape directions, preventing the arc from stably concentrating at the tip 
center. 
(2) Tungsten electrode contamination. The contamination layer produces multiple random 
emission points, causing the arc to jump continuously. 
(3) Magnetic arc blow. When welding thick plates with high DC current, improper grounding, 
or incorrect return cable layout, an uneven magnetic field forms and deflects the arc. 
(4) Shielding gas turbulence. When gas flow is too high, the nozzle is damaged, the gas lens is 
missing, or strong wind is present nearby, gas disturbances push the arc to shift. 
(5) Incorrect tungsten electrode size selection. Oversized electrodes reduce current density, 
while undersized electrodes lead to severe tip erosion. Both reduce arc stability. 
 
Arc wander not only affects weld appearance but also causes: (1) fluctuating penetration; (2) 
inconsistent weld width; (3) weld bead deviation from center; (4) reduced repeatability in 



automated welding; (5) increased repair rate. 
 
Engineering troubleshooting usually follows this sequence: regrind tungsten electrode → 
check contamination → check shielding gas flow and nozzle condition → optimize grounding 
position → verify welding parameters and tungsten electrode size. 
 
In aerospace and nuclear manufacturing, arc stability is often regarded as an important 
indicator of process capability. Therefore, arc wander problems must be resolved during 
process validation. 
 
The biggest misconception about arc wander is blaming all issues on the welding machine 
performance. In fact, a large number of field cases show that over 70% of arc wander problems 
are related to tungsten electrode preparation and shielding gas system, rather than machine 
faults themselves. 
 

 
 
FAQ 13: How to Select Tungsten Electrode Diameter? 
 
Tungsten electrode diameter selection is one of the most fundamental and critical parameters 
in TIG welding process. A larger diameter is not automatically more durable, nor is a smaller 
diameter inherently easier to handle. The size must match the welding current, material 
thickness, and process configuration. 
 
Thermodynamically, tungsten electrode must satisfy two criteria simultaneously: it must 
withstand the arc heat input without excessive burn-off, while maintaining a sufficiently high 
current density to ensure a concentrated arc column. 
 



If the diameter of electrode is too small, insufficient heat dissipation leads to balling, burning, 
tip melting, and contamination. If the electrode diameter is too large, the electron emission 
zone expands excessively, lowering the current density and causing difficult arc starting, a 
divergent arc, and inadequate penetration. 
 
Common tungsten electrode diameters and recommended current ranges are as follows: 

Common Tungsten Electrode Diameters And Recommended Current Ranges 

Diameter (mm) Current Range (A) 

1.0 10–70 

1.6 50–120 

2.4 80–200 

3.2 150–250 

4.0 200–350 

4.8 300–500 

 
In actual applications, φ1.0 mm and φ1.6 mm tungsten electrode are mainly used for thin 
plates, precision welding, and low-current conditions. φ2.4 mm tungsten electrode has the 
widest application range and can meet the needs of most manual TIG welding. Diameters of 3.2 
mm and larger are reserved for thick plate fabrication, high-current setups, and heavy 
automated systems. In most fabrication facilities, φ2.4 mm inventory accounts for over 70% 
of total usage. 
 
Tungsten electrode diameter affects not only arc stability but also weld appearance, welding 
efficiency, and consumable cost. Therefore, during procedure qualification, tungsten electrode 
size should be recorded as an important control parameter. 
 
The biggest misconception about tungsten electrode selection is thinking that thicker is more 
durable. In reality, although overly thick tungsten electrode is less prone to burning, it sacrifices 
arc concentration and welding quality. The correct principle is: under the premise of meeting 
current carrying requirements, prefer the finer size to obtain the best arc control. 
 
 



 
 
FAQ 14: Why Must Alternating Current (AC) Be Used For Aluminum Welding? 
 
Aluminum and aluminum alloys are important application areas for TIG welding, but compared 
with steel, their welding difficulty is significantly higher. While operators often attribute this 
difficulty to high thermal conductivity and a low melting point. The primary obstacle is the 
surface oxide layer. 
 
Aluminum has a melting point of about 660°C, but the aluminum surface exposed to air quickly 
forms a dense aluminum oxide (Al₂O₃) film, whose melting point is as high as 2050°C. This means 
that when the base material has already melted to form a pool, the oxide film may still remain 
solid, hindering pool fusion and causing lack of fusion, slag inclusions, and poor weld formation. 
 
Traditional DC welding cannot effectively remove the oxide film, so AC has become the classic 
solution for aluminum welding. In the AC cycle, there are two polarity states. In the Electrode 
Positive (EP) phase, electrons flow from the workpiece to tungsten electrode. High-speed ion 
bombardment on the base material surface destroys the oxide film, producing the so-called 
cathodic cleaning effect. In the Electrode Negative (EN) phase, electrons flow from tungsten 
electrode to the workpiece. Heat is then mainly concentrated on the workpiece, achieving base 
material melting and penetration formation. It is precisely because AC continuously switches 
between EP and EN that aluminum welding can simultaneously achieve oxide film cleaning and 
effective penetration. 
 
Modern inverter AC welding machines further enhance this capability. By adjusting the AC 
balance ratio, for example EP 30% and EN 70%, it can ensure sufficient oxide film cleaning while 
improving thermal efficiency and penetration. In addition, inverter machines can adjust AC 
frequency to make the arc more concentrated and significantly improve weld formation. In 
terms of tungsten electrode selection, traditional aluminum welding mostly uses pure tungsten 



or zirconiated tungsten to form regular ball tips, while modern AC inverter machines 
increasingly use blue lanthanated tungsten electrode with a sharpened tip to obtain a more 
stable and concentrated arc. 
 
The biggest misconception about aluminum welding is thinking that all aluminum welding must 
use AC. In fact, under special process conditions such as high-current DC welding with helium 
shielding, exceptions exist. But for the vast majority of industrial TIG aluminum welding, AC 
remains the most mature and reliable choice. 
 

 

 
FAQ 15: Must TIG Always Use 100% Argon? 
 
When mentioning TIG welding, many people’s first reaction is to use pure argon for protection. 
In fact, although 100% argon is the most widely used shielding gas, it is not the only choice. 
Different shielding gases directly affect arc characteristics, penetration, welding speed, and 
final cost. Argon (Ar) is an inert gas with high density, stable chemical properties, and moderate 
ionization voltage. Using 100% argon offers the following advantages: (1) easy arc starting; (2) 



stable arc; (3) good protection; (4) relatively low cost; (5) wide range of applicable materials. 
Therefore, the vast majority of stainless steel, carbon steel, nickel-based alloy, and ordinary 
aluminum alloy TIG welding uses pure argon protection. In addition to pure argon, argon-
helium mixtures are also widely used. 
 
Helium has higher ionization potential and higher thermal conductivity. Adding helium 
increases arc voltage and heat input, providing greater penetration and faster welding speed. 
Therefore, Ar-He mixed gas is commonly used for: (1) thick aluminum plate welding; (2) copper 
and copper alloy welding; (3) high thermal conductivity material welding. Although pure helium 
shielding can achieve extremely high heat input, its high cost, difficult arc starting, and higher 
technical requirements for operators limit its application range. 
 
It should be particularly emphasized that TIG welding usually does not use CO₂ shielding gas. 
This is because CO₂ decomposes under high-temperature arc to produce oxygen, leading to 
tungsten electrode oxidation, tip burning loss, increased oxygen in the weld, more spatter, and 
protection failure. 
 
From a process perspective, shielding gas flow is also important. Standard nozzles usually 
recommend 6 to 12 L/min. With gas lens, 5 to 10 L/min is recommended. Special large nozzles 
can be increased appropriately. Note that more gas flow is not always better. Excessive flow 
creates turbulence, which can draw air into the protection zone and increase oxidation and 
porosity risks. 
 
The biggest misconception about shielding gas is thinking that all TIG welding can only use pure 
argon. In reality, excellent welding engineers will reasonably select the shielding gas system 
according to base material thermal conductivity, plate thickness, and production efficiency 
requirements to achieve the best balance between welding quality and economics. 
 

 



FAQ 16: How Often Should Tungsten Electrode Be Replaced? 
 
Tungsten electrode is typical non-consumable, slow-wear welding consumable. Many 
beginners often ask how long one tungsten electrode can actually be used. In fact, unlike 
welding wire or electrodes that are consumed by weight, tungsten electrode does not have a 
uniform fixed service life. Its replacement cycle mainly depends on its actual condition rather 
than usage time. From the material consumption mechanism, although tungsten electrode 
does not melt into the weld like welding wire, it still experiences evaporation loss, oxidation 
burning, contamination removal, and repeated grinding during long-term use. This gradually 
shortens its length and changes the tip shape. 
 
The main factors affecting tungsten electrode life include: 
(1) Welding current. Higher currents escalate the thermal load on tungsten electrode, 
accelerating burn-off. 
(2) Welding polarity. DCEP and the electrode-positive phase of AC impose a much higher 
thermal load on tungsten electrode than DCEN. 
(3) Electrode material. Rare earth composite and lanthanated tungsten electrodes generally 
offer longer service life than pure tungsten. 
(4) Operator skill level. Frequent weld pool contact and contamination significantly shorten 
electrode service life. 
(5) Shielding gas quality. Insufficient gas purity or shielding failure accelerates thermal 
oxidation. 
(6) Automation level. Automated welding utilizes highly stable parameters, yielding a longer 
electrode life than manual welding. 
 
From an engineering management perspective, tungsten electrode replacement usually 
adopts two approaches. 
 
The first is the condition-based method: decide replacement according to the actual state of 
tungsten electrode. Replace promptly when the following occurs: (1) Insufficient structural 
length; (2) Cracking, splitting, or chipping at the tip; (3) Severe, unrecoverable tip balling; (4) 
Extreme shortening from repetitive grinding after multiple contaminations; (5) Significant 
degradation of arc stability; (6) Continual deterioration of arc ignition performance. 
 
The second is the quota management method, mainly used in automated and robotic welding 
production lines. For example, some companies require replacement after every 300 to 500 arc 
starts to ensure welding consistency and process capability stability. 
 
It should be emphasized that tungsten electrode service life should not aim solely at saving 
consumables. For high-value-added products, the cost of rework caused by poor tungsten 
electrode condition far exceeds the price of the electrode itself. 
 
The biggest misconception about tungsten electrode life is thinking that as long as it can still 
strike an arc, it can continue to be used. In reality, when the tip shape and electron emission 



characteristics change, even if it can start an arc, it may no longer meet high-quality welding 
requirements. Excellent welders focus not on whether tungsten electrode is completely 
scrapped, but on whether it remains in optimal working condition. 
 

 

 
FAQ 17: What Is Function of Gas Lens in TIG Welding? 
 
Gas lens is an important but often underestimated auxiliary component in modern TIG welding 
torches. Many welders regard it as an optional accessory, but in high-quality welding, especially 
for stainless steel, titanium alloy, and automated welding, gas lens is often one of the most 
cost-effective upgrades for improving welding quality. Traditional TIG nozzles rely on simple 
channels to deliver shielding gas. Due to flow channel limitations, gas easily forms turbulence 
near the nozzle exit, resulting in uneven protection coverage. The core structure of gas lens 
consists of multiple layers of precision metal mesh, acting like a fluid rectifier. When shielding 
gas passes through the metal mesh, the originally disordered turbulence is divided, slowed 
down, and rearranged, ultimately forming a more uniform laminar flow gas. 
 
From the perspective of fluid mechanics, laminar flow protection offers the following 
advantages: 
 
(1) More uniform protection effect. It stably covers the molten pool and tungsten electrode tip, 
reduces air entrainment, and improves oxidation resistance. 
 
(2) Allows longer tungsten electrode extension. Standard nozzles usually recommend 3 to 5 
mm extension, while gas lens can increase it to 6 to 10 mm, or even 15 mm in special cases. This 
is especially important for deep narrow grooves, pipe root passes, and complex structures. 



 
(3) Improved weld appearance. Uniform protection helps produce clearer, more continuous 
fish-scale patterns with brighter and more stable weld surface color. 
 
(4) Lower porosity rate. Stable protection zone reduces the chance of oxygen, nitrogen, and 
water vapor entering the molten pool. 
 
(5) Better automated welding consistency. Automation has high requirements for gas flow 
stability, and gas lens helps reduce batch-to-batch variations. Although gas lens costs more 
than ordinary gas diffusers, its price is far lower than rework costs, giving it clear economic 
value in high-quality welding. 
 
The biggest misconception about gas lens is thinking its only role is to make welds look prettier. 
In fact, its essence is to improve the shielding gas flow field and enhance welding process 
stability. It is a typical process optimization device, not just an appearance upgrade accessory. 
 

 

 
FAQ 18: Can Ordinary Grinding Wheel Be Used For Tungsten Electrode Grinding? 
 
Tungsten electrode grinding is a foundational step in TIG process preparation. Many small-scale 
fabricators use ordinary grinding wheels for cost reasons. In theory, this is not completely 
unfeasible, but from the perspective of high-quality welding requirements, long-term use is not 
recommended. The biggest risk of ordinary grinding wheels is cross-contamination. In 
mechanical processing workshops, ordinary wheels are often used for carbon steel, stainless 
steel, cast iron, and other materials. Metal particles embed in the wheel surface and can attach 
to tungsten electrode tip when grinding. Iron contamination, in particular, changes electron 
emission characteristics and causes arc wander, difficult arc starting, and weld inclusions. 



 
Ordinary wheels also have the following disadvantages: (1) Difficult to maintain consistent 
grinding angle; (2) Easy to produce circumferential grinding marks; (3) Low grinding efficiency; 
(4) Severe dust dispersion; (5) Poor repeatability. 
 
Therefore, in aerospace, nuclear power, and automated welding production lines, dedicated 
tungsten electrode grinders are usually used. These specialized machines deliver precise 
technical advantages: (1) Fixed sharpening angles; (2) Guaranteed longitudinal grinding 
alignment; (3) Integrated particulate dust extraction systems; (4) Consistent, repeatable grind 
quality; (5) High operational efficiency. 
 
For red thoriated tungsten electrode, the importance of dedicated grinding equipment is even 
more prominent. Dust generated during grinding may contain radioactive thorium oxide 
particles. Standard requirements usually include local exhaust, enclosed collection, appropriate 
respiratory protection, and regular dust cleaning. 
 
The biggest misconception about tungsten electrode grinding is thinking that sharpening the 
tip is enough. In reality, grinding determines not only the tip shape but also the electron 
emission characteristics. For high-end welding, grinding quality itself is an important part of 
welding quality control. 
 

 
 

 



FAQ 19: Why Does Porosity Appear In Weld Bead? 
 
Porosity is a common internal defect in TIG welding and a primary cause of Radiographic Testing 
(RT) failure. It occurs when gas becomes entrapped within the molten pool during solidification, 
forming localized voids. Depending on the generation mechanism, it manifests as isolated 
pores, cluster porosity, linear porosity, or pinhole defects. These reduce weld density, strength, 
and fatigue life. 
 
Porosity development stems from several factors: 
(1) Shielding gas problems. The most common on-site cause, including insufficient gas purity, 
unreasonable flow settings, gas leaks, nozzle blockage, drafts, and insufficient post-weld 
protection time. 
(2) Base material contamination. Oil, moisture, oxide layers, cutting fluid residues, rust 
preventives, and other impurities decompose under high temperature to produce gas. 
(3) Filler wire contamination. Damp, rusted, or improperly stored wire brings hydrogen and 
oxygen into the molten pool. 
(4) Tungsten electrode contamination. Contaminated tungsten electrode causes unstable arc 
and disrupts the protection zone, indirectly increasing porosity risk. 
(5) Unreasonable process parameters. Too fast welding speed, insufficient heat input, or too 
short molten pool dwell time may prevent gas from escaping in time. 
 
From an engineering perspective, pore troubleshooting should follow the principle of from 
external to internal and easy to difficult: 
check shielding gas system → check nozzle and gas diffuser → check tungsten electrode 
condition → check filler wire quality → check base material cleanliness → verify welding 
parameters. 
 
Key measures to prevent gas pores include: 
(1) Thoroughly clean base material before welding; 
(2) Use high-purity shielding gas; 
(3) Set proper flow rates; 
(4) Avoid environmental airflow interference; 
(5) Standardize tungsten electrode grinding; 
(6) Strengthen welding material storage management. 
 
The biggest misconception about gas pores is blaming gas quality alone. In fact, gas pores 
result from the combined effects of the protection system, welding material condition, base 
material preparation, and process parameters. Only by establishing a systematic defect analysis 
approach can the porosity rate be truly reduced. 
 
 



 
 
FAQ 20: What Tungsten Electrode Should Beginners Buy? 
 
For beginners, choosing tungsten electrodes from many colors and types can be confusing. In 
fact, beginners do not need to pursue the most expensive or special products. Priority should 
be given to versatility, stability, and availability. Tungsten electrode selection mainly depends 
on: (1) welding material type; (2) welding current range; (3) AC or DC welding method; (4) 
manual or automated welding; (5) cost and procurement convenience. 
 
Recommended options for different application scenarios: 
(1) Home DIY and beginner practice: blue 2% lanthanated tungsten electrode, 2.4 mm diameter. 
It offers good arc starting performance and a wide current range, with strong equipment 
adaptability. And it is the easiest universal choice to master. 
(2) Thin stainless steel precision welding: grey ceriated tungsten electrode, 1.6 mm diameter. 
Excellent low-current stability, suitable for thin plates and fine welding. 
(3) General repair and machinery manufacturing: blue 2% lanthanated tungsten electrode, 2.4 
mm diameter. Can weld carbon steel and stainless steel, and handle some aluminum alloy 
conditions. 
(4) Aluminum alloy welding: blue lanthanated tungsten electrode 2.4 mm or white zirconiated 
tungsten electrode 3.2 mm. The former suits modern inverter AC machines; the latter is better 
for traditional AC equipment. 
(5) Robotic and automated welding: violet rare earth composite tungsten electrode. Clear 
advantages in arc stability and service life, better for maintaining consistency. 
 
If only one type can be purchased, blue 2% lanthanated tungsten electrode (2.4 mm) is the most 
balanced choice for the vast majority of users. Its engineering advantages include excellent arc 
ignition, universal AC/DC capability, non-radioactive composition, automated process 
compatibility, stable market supply, and high cost-efficiency. For beginners, mastering standard 
sharpening techniques, correct parameter selection, and arc control is far more critical than 
sourcing premium niche alloys. 
 



The biggest misconception about selection is thinking that welding quality is entirely 
determined by tungsten electrode. In reality, tungsten electrode is only one component of the 
welding system. Excellent weld formation depends on the combined effect of equipment, 
materials, processes, and operator skills. Choosing the right tungsten electrode is important, 
but what ultimately determines welding level is always the understanding and execution of 
process details. 
 

 
 
Engineers’ Top 10 Golden Experiences on Tungsten Electrode 
 
1. Once tungsten electrode is contaminated, welding must stop immediately and it must be 
reground. Never continue under a false assumption of safety. 
2. Tungsten electrode must be ground longitudinally. Circumferential grinding is one of the 
main causes of arc wander. 
3. Blue 2% lanthanated tungsten electrode (2.4 mm) is currently the most versatile specification 
with the most balanced overall performance. 
4. Tungsten electrode diameter should match the welding current. Too small or too large will 
affect welding quality. 
5. Shielding gas flow is not better when larger. Excessive flow can also cause oxidation and 
porosity. 
6. Automated welding should prioritize rare earth composite tungsten electrode to improve 
process stability and consistency. 
7. Modern AC aluminum welding emphasizes controlling AC balance ratio rather than relying 
solely on large ball-head tungsten electrode. 
8. Gas lens is one of the most cost-effective process upgrades for improving protection and 
weld quality. 
9. When encountering difficult arc starting or unstable arc, first check tungsten electrode 
condition and protection system instead of immediately suspecting the welding machine. 
10. Excellent TIG welders invest a lot of effort in tungsten electrode preparation and process 
detail control. Many high-quality welds are not remedied during welding but are determined 
before the arc is struck. 



 
 
Veteran Welders’ Top 10 Golden Experiences on Tungsten Electrode 
 
1. Must regrind after contamination; never continue using it. 
2. Always grind longitudinally; never circumferentially. 
3. 2.4 mm blue tungsten electrode is the most universal specification. 
4. Do not exceed the recommended current range. 
5. Gas flow is not better when larger. 
6. Prioritize rare earth composite tungsten electrode for automated welding. 
7. AC balance ratio determines aluminum weld formation quality. 
8. Gas lens is the most worthwhile upgrade for improving welding quality. 
9. For unstable arc starting, check tungsten electrode first instead of suspecting the machine. 
10. For excellent TIG welders, 80% of the skill lies in tungsten electrode preparation. 


