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Introduction

During any arc welding process, oxygen and other

atmospheric gases can react with the molten metal,

causing defects that weaken the weld;

Primary function of a shielding gas is to protect the

molten weld metal from atmospheric contamination and

the resulting imperfections;



Introduction

The composition and purity of the gas or gas mixture

should be tailored to meet the process, material, and

application requirements;

The selection of a gas or gas mixture can become

quite complex due to many combinations available.

Introduction



Shielding Gas

What are the importances of shielding gas in the
electric arc welding process?

➢ Protect the molten weld metal;

➢ Welding speed;

➢ Weld appereance and shape;

➢ Penetration shape;

➢ Fume generation;

➢ Arc stability;

➢ Mechanical properties.



Shielding Gas

Which processes of shielding gas arc welding are used?

➢ GMAW (Gas Metal Arc Welding) – MIG/MAG;

➢ GTAW (Gas Tungsten Arc Welding) – TIG;

➢ PAW ( Plasma Arc Welding) – Plasma;

➢ PAC (Plasma Arc Cutting);

➢ FCAW (Flux-Cored Arc Welding).

Shielding Gas



Shielding Gas

Which types of shielding gas are used in the arc
welding process?

➢ Inert Gas – Argon and Helium;

➢ Active Gas – Carbon Dioxide (CO2); Oxygen (O2);

Nitrogen (N2), Hydrogen (H2) and the others.

Shielding Gas



Shielding GasThe Welding Arc

“ A controlled electrical discharge between

the electrode and the workpiece that is formed

and sustained by the establishment of the

gaseous conductive medium, called arc Plasma”



Shielding GasThe Welding Arc

The electric arc welding process is interdisciplinary

in nature, and complex to master as it involves very

large temperature gradients and a number of 

parameters that do interact in a non-linear way. 



Shielding Gas

The amount of heat that an arc produces from

electricity depends on many factors:

➢ Arc current – if it is increased, the amount of heat, the

arc produces, increases, too.

➢ Arc length – changes in the length of an arc will cause

changes in the amount of heat available from the arc

The Welding Arc



➢ Ionization Potential;

➢Thermal Conductivity;

➢Dissociation and Recombination;

➢Reactivity;

➢Surface Tension;

➢Gas Density. 

Gas Properties



Ionization Potential

➢ The ionization potential is the energy, expressed in
electron volts, necessary to remove an electron from
a gas atom, making it an ion, or an electrically
charged gas atom.
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Gas Properties

Gas Dissociation

Energy  

(eV/molecule)

Ionization Energy 

(eV/molecule)

H2 4.5 13.6

O2 5.1 13.6

CO2 4.3 14.4

N2 9.8 14.5

He - 24.6

Ar - 15.8

Kr - 14.0



Ionization Potential

“Ionization potential can be described as a

measurement of electrical conductivity of the arc

shielding gas.”

For example:

Argon, with eigtheen electrons, is much heavier than helium,
which has only two electrons. The force of attraction holding the
outer electrons in their orbit is inversely proportional to the
square of the distance from the nucleus. Simply staded, the
energy required to removed an electron from the argon atom is
signifcantly less than that required for helium.

Gas Properties



Ionization Potential

➢ Gases with relatively low ionization potential, give up electrons

more easily;

➢ Creates the “free” electrons necessary to support current flow

across the gap, forming the plasma;

➢ Arc starting and arc stability are also largely dependent on the

ionization potential of the shielding gas selected;

➢ Helping to initiate and maintain the arc in a stable operating

mode.

Gas Properties



Thermal Conductivity

➢ The thermal conductivity of a gas is related to its ability to

conduct heat; 

➢ It influences the radial heat loss from the center to the

periphery of the arc column.

For example:

Pure argon: when used as a shielding gas has low thermal

conductivity, and produces an arc which has two zones:

Gas Properties



Thermal Conductivity

Gas Properties

As result, the penetration profile of a typical weld fusion area is

characterized by a narrow “finger” at the root and a wider top.

Argon Helium



Thermal Conductivity

➢ A gas with high thermal conductivity conducts more of the heat

outward from the arc;

➢ This type of heat distribution, which occurs with helium,

argon/hydrogen, and argon/carbon dioxide mixtures is more

uniform and produces a generally wider profile throughout the

fusion zone.

Gas Properties



Dissociation and Recombination

➢ These gases break down, or dissociate into their separate atoms;

➢ They are then at least partially ionized, producing free electrons

and improve current flow;

CO2

CO2

CO + ½ O2

Gas Properties



Dissociation and Recombination

➢ As the dissociated gas comes in contact with the relatively cool

work surface, the atoms recombine, and it releases energy to the

base material in form of heat;

➢ The heat generated at the work surface can be greater with gases

such carbon dioxide, hydrogen, and oxygen;
CO2

Gas Properties

CO + ½ O2 CO2 + Heat 



Reactivity

➢ Argon and Helium are completely non-reative, or inert, and

therefore have no chemical effect on the weld metal;

➢ Nitrogen is an inert gas, but, at temperatures common to welding, it 

may react and have an adverse effect on weld chemistry;

➢ Oxygen and Carbon Dioxide belong to a category of reactive gases 

known as oxidizers: 

• These gases will react to form oxides with the molten metal in the 

weld puddle. 

• This reactions cause welding fume.

Gas Properties



Reactivity

➢ Hydrogen is a reactive gas, but is reducing oxygen in the

invironment.

• Hydrogen can produce detrimental effects such as underbead

cracking, when used on some high strength and low alloy steels.

Gas Properties



Surface Tension
In any liquid there is an attractive force exerted by the

molecules below the surface upon those at the surface. An inward
pull, or internal pressure is created, which tends to restrain the
liquid from flowing. Its strength varies with the chemical nature of
the liquid.

High Surface Tension Lower Surface Tension

Attractive force exerted 
by the molecules

Gas Properties



Surface Tension
In welding, the surface tension between molten steel and its

surrounding atmosphere has a pronounced influence on bead shape:

➢ If the surface tension is high, a convex, irregular bead will result;

➢ Lower values promote flatter beads with minimum susceptibility
for undercutting;

High Surface Tension Lower Surface Tension

Gas Properties



Surface Tension

➢ GMAW is usually associated with high interfacial energy, producing

a narrow and high bead when mild steel welding is considered;

➢ This is partially attributed to the high surface tension of liquid iron

in an inert atmosphere;

➢ For this reason, it is not recommended for use in MIG welding of

mild steel.

➢ Iron oxides, however, have a considerably lower surface tension and

thus promote good wetting to the parent metal.

➢ The addition of small percentages of Oxygen or Carbon Dioxide to

argon when performing GMAW results in a more fluid weld puddle.

Gas Properties



Argon Helium

2 to 2 ½ times as 
much gas flow

Gas Density

➢ Gas density is one of the main factors influencing shielding

effectiveness.

“Basically, gases heavier than air require lower flow rates than

gases that are lighter than air to achieve equivalent weld puddle

protection”.

Gas Properties



Argon - Ar

➢ Slightly less than one percent of the earth´s atmosphere is

composed of argon;

➢ As an inert gas, argon does not react with other compounds or

elements;

➢ The inert properties of argon make it ideal as a shield against

atmospheric contamination, thus it is used in many welding processes;

➢ Argon promotes good arc starting characteristics and arc stability

due to its low ionization potential.

Basics Gas Properties



Carbon Dioxide - CO2

➢ A reactive gas;

➢ Unlike other reactive gases such as oxygen, CO2 can be used alone

for GMAW shielding gas applications;

➢ Carbon Dioxide (CO2) is commonly mixed with argon to improve

productivity and penetration in GMAW.

Basics Gas Properties



Helium - He

➢ Helium is the second lightest element, after hydrogen, and is lightern

than air;

➢ It is chemically inert;

➢ Due to its hight thermal conductivity and high ionization potential,

helium is used as a shielding gas for welding applications when

increased heat input is desired, and low tolerance for oxidizing

elements exist such as with aluminum and magnesium welding.

Basics Gas Properties



Nitrogen - N2

➢ Nitrogen is a colorless, odorless, and tasteless gas which forms 78

percent of the earth´s atmosphere (by volume);

➢ It is nonflammanble;

➢ Nitrogen is an inert gas, except at arc welding temperatures, where it

will react with some metals;

➢ It can be used in combination with other gases for some welding

applications and is also widely used in plasma and laser cutting.

Basics Gas Properties



Oxygen - O2

➢ Approximately 21 percent of earth`s atmosphere (by volume);

➢ High oxidizing and combustion-supporting properties;

➢ Small amounts of oxygen may be added to argon for GMAW to

increase arc stability and improve the wetting and shape of the

bead when working with mild or stainless steels;

Basics Gas Properties



Electric Arc Welding Process



Gas Tungsten Arc Welding (GTAW) is defined as “an open arc

welding process that produces coalescence of metals by heating them

with an electrical arc between a tungsten electrode (nonconsumable)

and a workpiece”.

Gas Tungsten Arc Welding



➢ The use of a nonconsumable tungsten electrode and inert shielding

gases produces the highest quality welds of any open arc welding

process;

➢ The TIG is easily used in all welding positions and provides excellent

weld puddle control, especially on thin and intricate parts.

➢ Welds are bright and shiny, with no slag or spatter, and require little

or no post-weld cleaning;

Gas Tungsten Arc Welding



Gas Tungsten Arc Welding



Preflow and Postflow

When welding materials that

are sensitive to oxidation (such as

cooper, aluminum and stainless

steel), gas preflow and postflow will

minimize contamination of the weld

zone and electrode.

Gas Tungsten Arc Welding



Preflow and Postflow

➢ Preflow – It cover the weld zone for optimum starting conditions;

➢ Postflow – it works to minimize contamination of the weld pool in a

different way:

• When the arc is turned off, the weld metal begins to cool;

• For few moments, the weld metal remains hot enough to be contaminated by

the surrounding air.

➢ The postflow: To prevent this, the shielding gas is allowed to flow for 

several seconds after the arc is extinguished:

• This will provide shielding to allow the weld to cool; 

• The postflow of gas also protects the hot electrode from

contamination.

Gas Tungsten Arc Welding



Preflow and Postflow

Summarizing in the TIG welding process the protection gas has 05 

specific functions:

Preflow: facilitate the opening of the electric arc;

protect the melting puddle and provide free electrons.

Postflow: closed electric arc: protect the tungsten electrode from the 

contamination of the atmospheric air and cool the tungsten electrode.

Gas Tungsten Arc Welding



Shielding gas for GTAW

➢ Argon - Its low thermal conductivity produces a narrow constricted

arc column;

➢ It has a excellent electrical conductivity which allows greater

variations in arc length with minimal influence on arc power and weld

bead shape;

➢ For AC welding applications, high purity argon offers superior

cleaning action, arc stability, and weld appearance.

Gas Tungsten Arc Welding



Shielding gas for GTAW

➢ Helium – It´s favored over argon at higher current levels wich are

used for welding of thicker materials;

➢ Especially for those which have high thermal conductivity or

relatively high melting temperatures;

➢ Its higher costs and higher flow rates are also factors to be

considered;

➢ In some cases, an argon mixture is used for igniting the arc and

pure helium is used for welding.

Gas Tungsten Arc Welding



➢ Plasma Arc Welding (PAW) is an evolutionary step in the overall 

development of GTAW; 

Plasma Arc Welding



Plasma Arc Welding

➢ PAW is defined as “an arc welding process that uses a constricted 

arc between a noncomsumable electrode and the weld pool (transferred 

arc) or between the electrode and the constricting nozzle 

(nontransferred)”;

➢ Shielding is obtained from the ionized gas supplied to the torch, 

which may be supplemented by an auxiliary source of shielding gas. 

➢ The physical configuration of PAW requires the use of two gases, to

create a “plasma”;



➢ Inner gas

• The primary role of the plasma gas, which exits the torch through

the center the orifice, is to control arc characteristics and shield

the electrode;

• It also effects the heat transfer properties to the base metal;

Plasma Arc Welding



➢Shielding gas

• The shielding gas, introduced around the periphery of the arc,

shields or protects the weld;

• In many applications, the shielding gas is also partially ionized to

enhance the plasma gas performance.

➢ The results: It is a “constricted” arc that is longer, thinner, and

more focused than a GTAW arc, and;

➢ It is a more concentrated heat source at higher arc temperatures

that greatly increses heat transfer efficiency.

Plasma Arc Welding



In melt-in method has some advantages due to its longer, more 

constricted arc shape: 

• These include improved arc stability;

• less distortion of the work-piece;

• higher potential => high welding speed => low Heat Input

• Greater tolerance to changes in thorch-to-work distance.

Plasma Arc Welding



In keyhole welding method, the workpiece is fused through its

entire thickness. The plasma jet pierces through the molten metal

giving 100% penetration and forms a welding eyelet which moves

together with the arc in the direction of welding.

Behind the plasma jet, the molten metal flows together again

(as a result of surface tension), solidifies, and forms the completed

weld;

Plasma Arc Welding



”The process shows its greatest advantage when the keyhole
approach is used in the thickness range of 0,062 to 0,0312 inches.
The high-quality weld produced by the single pass keyhole technique”

Plasma Arc Welding



Gas Metal Arc Welding (GMAW) is defined as “an electric arc

welding process that produces coalescence of metal by heating them

with an arc between a continuous filler metal electrode and the

workpiece.

Gas Metal Arc Welding



➢ GMAW is used to weld all important metal, including steel,

aluminum, copper, and stainless steel;

➢ The process can be used to weld in any position, including flat,

vertical, horizontal, and overhead;

Gas Metal Arc Welding



➢ It is an arc welding process which incorporates the automatic feeding

of continuous, consumable electrode that is shielded by externally

supplied gas.

➢ Since the equipment provides automatic control of the arc, the only

manual controls required by the welder for semiautomatic operation

are gun positioning, guidance and travel speed.

Gas Metal Arc Welding



➢ The GMAW process has five distinctive metal transfer modes:

• Short circuit, Globular, Spray, Pulsed Spray, and Rotational.
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Short-Circuit
➢ In the short-circuiting mode, metal transfer occurs when the 

electrode is in direct contact with the weld pool. In this mode of
metal transfer, the relationship between the electrode metal rate 
and its feed rate into the weld zone determines the intermittent
establishment of an arc and short-circuiting of the electrode to the
piece. 

Wire Feeder

Workpiece

Gas Metal Arc Welding



Short-Circuit
➢ When it contacts the molten pool a short circuit occurs, at which

time there is no arc.

➢ The current then begins to rise and heats the wire to a plastic state. 
At the same time, the wire begins to deform or neck down due to an
eletromagnetic pinch force. 

➢ Eventually, the current value and resulting pinch force causes a drop
of metal to transfer into the weld puddle. 

➢ At this point, an arc is stabilished. This sequence repeats itself
approximately 50 to 250 times per second.

U / V t ( ms )0
0

t ( ms )0
0

I / A

1 2 3 4

Gas Metal Arc Welding



Short-Circuit
Applications:

➢ Due to its low heat input characteristics, the process produces a

small, fast-freezing weld puddle which makes it ideal for welding in

all positions;

➢ Short-circuiting transfer is also particularly adaptable to welding

sheet metal with minimum distortion and for filling gapped or poorly

fitted parts with less tendency for burn-through of the part being

welded.

Gas Metal Arc Welding



Globular Transfer
➢ Globular transfer is characterized by the transfer of molten metal

drops across the arc;

➢ This transfer mode takes place when the current and arc voltage
are between the short-circuiting and spray transfer current and
voltage levels;

➢ It occurs with all types of shielding gas;

➢ Carbon dioxide yields this type of transfer at all usable welding
currents above the short-circuiting range;

➢ Globular transfer is characterized by a drop size approximately two
to four times greater than the diameter of the electrode;

Gas Metal Arc Welding



Globular Transfer
➢ With cabon dioxide, the droplet is not propelled across the arc, due

to the repelling forces acting upward towards the wire tip;

➢ These forces tend to hold the droplet on the end of the wire. During
this time the drop grows in size and eventually either transfers by
gravity due to its weght, or short circuit across the arc.

Gas Metal Arc Welding



Spray Transfer

➢ In Spray Transfer, the molten metal is propelled axially across the
arc in small drops;

➢ The gas blend has to contain at least 85% argon;

➢ The change takes place at a value called the globular-spray
transition current;

Gas Metal Arc Welding



Spray Transfer
➢ Molten metal transfers across the arc as small droplets equal to or

less than the electrode diameter;

➢ The transfer rate can be as high as several hundred droplets per
second;

➢ Due to puddle fluidity, spray transfer is limited to the flat or
horizontal welding position

Gas Metal Arc Welding



”When you wish up stars, your dreams true”
by Gomes, A. P.


