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SHIELDING GASES FOR GMA & GTA WELDING 
By GL. Mukhopadhyay 

T h e au tho r is assoc ia ted w i th E S A B INDIA L I M I T E D 
as Product Manage r - M IG /T IG 

The function of shielding gases in GTAW (GAS TUNGSTEN ARC WELDING) and GMAW (GAS METAL ARC WELDING) processes and their 
applications, alongwith brief introduction have been discussed here to enable the user to critically assess the shielding gas requirements for given 
application and the key areas the emphasis are to be made for higher productivities. 

Material Gas Compatibility 

Plain carbon steel and Argon & helium No reaction 

low alloy steel CO2 and oxygen Slight oxidation of alloying elements 

Hydrogen Porosity and HICC risk 

Nitrogen Porosity and loss of toughness 

Austenitic stainless Steel 

Argon, helium No reaction 

H2 Reduces Oxide 

O2 Oxidising 

C 0 2 May cause carbon pick up 

Aluminium and alloys Argon helium No reaction 

H2 Gross prorsity 

O2 Oxidising 

Copper Argon helium N2 No reaction 

H2 Porosity 

Nickel Argon helium No reaction 

N2 Porosity 

Titanium Argon helium No reaction 

c 2 , N2, H2 Embrittlement 

Fig. 1 Shielding Gas / Material Chemical / Physical Compatibility 

INTRODUCTION 

It is o f ten c o n s i d e r e d that t he funct ion 
of a sh ie ld ing g a s is mere l y to d i sp lace 
the air f r o m the w e l d z o n e and t hus 
p revent w e l d c o n t a m i n a t i o n f r o m Ni-
t r ogen . O x y g e n a n d w a t e r vapou r , 
wh i ch m a y c a u s e var ie ty of de fec ts 
and put impur i t ies into t he depos i t ed 
w e l d meta l , in fact , t he g a s not on ly , 
p rov ides a pro tec t ive b lanke t ove r the 
w e l d area but a lso e f fec ts a rc stabi l i ty , 
W e l d b e a d s h a p e , w e l d mechan i ca l 
p r o p e r t i e s p r o c e s s e f f i c i e n c y a n d 
f u m e fo rmat ion . 

Function of Shielding Gas 
T h e pr inc ipa l func t ions o f t h e g a s can 
be c o n s i d e r e d u n d e r t h e fo l l ow ing 
head ing . 

a. Phys ica l charac te r i s t i cs 

b. Sh ie ld ing Ef f i c iency 

c. A rc Stabi l i ty 

d. W e l d G e o m e t r y 

e. W e l d me ta l p roper ty 

Physical Characteristics 

Six g a s e s i.e. A r g o n (A) H e l i u m n (He) 
C a r b o n - d i - o x i d e ( C 0 2 ) . H y d r o g e n 
(H 2 ) , N i t rogen (N 2 ) a n d O x y g e n ( 0 2 ) 
are the pr inc ipa l sh ie ld ing gases . Se-
lect ing the best sh ie ld ing g a s or mix -
tu re for a g i ven j o b init ial ly d e p e n d s 
u p o n the w e l d i n g p rocess . Cer ta in 
g a s e s are not compa t i b l e w i th cer ta in 
m o d e o f m e l t e n m e t a l t r a n s f e r 
t h r o u g h w e l d i n g arc. For e x a m p l e , 
sp ray t rans fe r or f ree l ight t rans fe r of 

f reel ight t ransfer wi l l not occur w i th a 
she i ld ing gas of pure C 0 2 or pure 
H e l i u m . S p r a y t r a n s f e r requ i res a 
larger a m o u n t of A r g o n in sh ie ld ing 
gas usual ly above 75 to 80%. 

A d e e p e r unde rs tand ing o f t h e physi -
cal charac te r i s t i cs o f t h e sh ie ld ing gas 
wi l l he lp to gu ide the p roper se lec t ion 
o f t h e gas /gas mix tu re . 

Element First lonisation Potential 
(Electron Volts) 

Argon 15.75 

Helium 24.58 

Hydrogen 13.59 

Nitrogen 14.54 

Oxygen 13.61 

Carbon dioxide — 

Fig. 2 important Physical Constants of Shielding Gases. 
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Ionization Potential 

lon isat ion potent ia l c a n be de f i ned as 
the v o l t a g e n e e d e d to r e m o v e an 
e lec t ron f r o m an a t o m o f t h e sh ie ld ing 
gas , t u rn ing the a t o m into an ion. A 
c loud of ions in an e lect r ica l ly cha rged 
gas is ca l led p lasma. 

For e x a m p l e , A r g o n requ i res a low 
ion izat ion potent ia l o f 15 .75 e lec t ron 
vol ts to r e m o v e t h e f irst e lec t ron f r o m 
the A r g o n a t o m and on ly 27 .6 ev to 
r emove the s e c o n d e lec t ron. By v i r tue 
of th is, A r g o n easi ly f o rms a p lasma, 
w h i c h w o r k s l i ke a n e l e c t r i c a l l y 
c h a r g e d pa th tha t e n c o u r a g e s the 
we ld ing cur rent to t rave l f r o m the e lec-
t rode to the w o r k p iece. He l i um, on the 
o ther hand , requ i res 24 .50 (ev) to re-
m o v e one e lec t rode f r o m one a t o m 
and 54 .4 (ev) to r e m o v e the rema in ing 
e lec t ron f r o m the a tom. T h u s , H e l i u m 
sh ie ld w e l d i n g p r o d u c e s a less s tab le 
arc w h i c h m a k e t h e w e l d pudd le dif f i -
cult to cont ro l c o m p a r e to A r g o n or 
A r g o n mix tu re . 

H ighe r ion iza t ion potent ia l , h igher the 
vo l tage requ i res for in i t iat ing the arc. 
T h e h i g h e r a rc v o l t a g e of H e l i u m 
g ives an in tens ive a rc w i th h igher heat 
input a n d h igh f lu idi ty o f the w e l d pud-
d le and t hus p r o d u c e s w e l d s of g o o d 
integri ty. 

Thermal Conductivity 
T h e T h e m a l Conduc t i v i t y of gas is 
de f ined as the abi l i ty of a g a s to con-
duct heat . A g a s w i t h g o o d t h e r m a l 
conduct iv i ty he lps to conduc t heat to 
the wo rk p iece. T h e d e g r e e of the 
conduct iv i ty in f luences the s h a p e of 
the bead a n d the conduc t i on of the 
meta l nex t to t he w e l d in the heat 
e f fec ted zone . 

He l i um for examp le , has exce l lent 
t he rma l conduct iv i ty . In G T A W or as 
an addi t ive in G M A W w i t h He l ium, the 
arc c o l u m n b roadens due to heat and 
sp reads the heat to make a w ide , 
s m o o t h b e a d A r g o n on the o t h e r 
hand, has lower thermal conduct iv i ty 
wh i ch m a k e s the arc co lumn nar rower 
resul t ing in nar rower we ld bead. But 
s ince the heat is concent ra ted in the 
n a r r o w e d a r c c o l u m n , t h e A r g o n 
Sh ie lded A rc "d igs in" more and pro-
d u c e s d e e p e r w e l d w i t h " f i n g e r " 
s h a p e d root. 

Carbon-d i -ox ide wi th its t he rma l con-
duct iv i ty in be tween that of A r g o n & 
He l i um p roduces a we ld bead be-
tween this two shapes . 

Gas Density 
Densi ty is the we igh t per unit v o l u m e 
to t he gas . A heav ier sh ie ld ing gas wil l 
prov ide bet ter coverage at an equa l 
f low rate than a l ighter or low dens i ty 

gas. For examp le , A r g o n wh i ch is Dew Point 

h e a v i e r t h a n H e l i u m requ i res one half 
to o n e th i rd t he f low rate o f He l i um to 
do the s a m e w o r k . 

T h e dens i ty of H e l i u m is 0 .178 K G per 
c u m at 30 F and 14.7 PS I in compar i -
son wi th 1.3 kg per c u m in case of air 
u n d e r t h e s a m e cond i t i on . H e n c e , 
f lowra te of H e l i u m mus t be two to 
th ree t imes h igher . O n e excep t ion is 
dur ing o v e r h e a d we ld ing , w h e r e the 
t e n d e n c y of he l i um to r ise he lps in 
g o o d sh ie ld ing o f t h e arc . 

Gas Density (Kg/m3) 
Argon 1.784 

Helium 0.178 

Hydrogen 0.083 

Nitrogen 1.161 

Oxygen 1.326 

Carbon dioxide 1.977 

Fig. 5 : Density of C o m m o n Shielding 
G a s e s 

t imes heav ier t han air and 10 t imes 

/ 
/ « ^ 

T 7 — w 

Fig. 3 : Bead Control and penetration Pattern for Various Shielding Gases. 

D e w point of g a s is a t e m p e r a t u r e at 
w h i c h the mo is tu re in the g a s w o u l d 
c o n d e n c e out as wa te r v a p o u r on a 
mi r ror at that t e m p e r a t u r e in front of 
the g a s fo l low ing f r o m the cy l inder . 
There fo re , the d e w point o f t h e gas is 
equ iva len t to s ta t ing h o w m u c h mois-
ture it has in it. It 's m e a s u r e of its 
pur i ty . Sh ie ld ing g a s e s for we ld i ng 
mus t be ve ry d ry b e c a u s e of any 
mo is tu re in the g a s wi l l tu rn into hy-
d r o g e n and o x y g e n w h e n it passes 
t h rough the w e l d i n g Arc . T h e hydro-
g e n spec ia l l y c a n be very des t ruc t i ve 
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Dew point % moisture 

0°F 0.059 

-20°F 0.021 

-40°F 0.0065 

-60°F 0.0048 

-80°F 0 0 0 3 0 

Fig. 6 : Relation of Dew Point with % 
Moisture Content in Shielding Gases 

T h e exp ress ion o the r t han d e w point 
mos t c o m m o n l y used for d ry g a s e s is 
par ts per mi l l ion or p .p .m. For e x a m -
ple the g a s w i t h a d e w point of 8 0 ° F 
w o u l d have on ly 30 p p m w a t e r v a p o u r 
or mo is tu re . A r g o n used as sh ie ld ing 
g a s in G T A w e l d i n g shou ld have a 
m i n i u m pur i t ies o f 9 9 . 9 9 6 % w i th max i -
m u m of 10 p p m and in case of He l ium, 
the mo is tu re con ten t s h o u l d be less 
than 15 ppm. A t th is pur i ty levels dif-
f e rences in the k ind a n d a m o u n t of 
impur i t ies usua l l y c a n n o t be de tec ted 
dur ing w e l d i n g S tee ls a n d c o p p e r al-
loys have h igh t o l e rances for rela-
t i v e l y l a r g e a m o u n t s o f 
con tamina t i ons . A l u m i n i u m and m a g -
nes ium a l loys are sens i t i ve of pur i ty 
level and stil l o thers s u c h as t i t an ium 
and z r c o n i u m have ex t reme ly low tol-
e rances for fo re ign cons t i tu ten ts in 
the inert g a s e s . H i g h e r pur i ty s tand-
ards are to be ma in ta i ned to ensu re 
that sh ie ld ing g a s e s wi l l be m o r e than 
a d e q u a t e for mos t s e v e r e app l i ca -
t ions. C a r b o n - d i - o x i d e used for w e l d -
ing shou ld be p r o d u c e d to a d e w point 
of 4 0 ° F m a x i m u m or less than abou t 
1 2 0 p p m m o i s t u r e . B e c a u s e C 0 2 

Sh ie ld ing is used on ly for G M A we ld -
ing of s tee ls , a re la t ive ly low pur i ty 
level is adequa te . H o w e v e r the "soda 
foun ta in" var ie ty o f C 0 2 shou ld not be 
used for w e l d i n g s i nce it can cause 
poros i ty or poor w e l d me ta l mechan i -
cal p roper t ies . 

Shielding Efficiency 
T h e chem ica l a n d phys ica l p roper t ies 
of a g a s wi l l g o v e r n its sh ie ld ing eff i-
c iency . T h e sh ie ld ing g a s shou ld pre-
v e n t t h e u n d e s i r e d r e a c t i o n s 
occur r ing b e t w e e n the w e l d me ta l and 
t h e s u r r o u n d i n g a t m o s p h e r e . In 

G T A W process, it is a lso requi red to 
protect the tungs ten e lect rode f rom 
c o n t a m i n a t i o n a lso to p reven t ad-
verse react ion be tween the t ip of con-
sumab le , meta l drop le ts and the arc 
env i ronment . 

The c o m m o n react ive gases wh i ch 
may pose prob lems are Oxygen , Ni-
t rogen a n d Hydrogen . Most of the 
meta l f r om ox ides w h e n heated in an 
ox id is ing a tmosphe re w h e r e a s Nitro-
gen may fo rm insoluble Ni t r ides w i th 
the react ive meta ls (Ti, Ta, V & Nb) 
and so lub le c o m p o u n d s wi th s o m e 
c o m m o n meta ls (Fe, Mn, & Cr,) Hy-
d rogen is so lub le in most o f t h e meta ls 
but does f o r m c o m p o u n d s wi th more 
react ive meta ls such as (Ti, Zr, & N b 
etc.). In the we ld pool the gas meta l 
react ions m a y result in the so lu t ion of 
very h igh levels of Hyd rogen and Ni-
t rogen, but due to the low solubi l i ty o f 
t hese g a s e s in the sol id mater ia ls , the 
excess gas evo lves dur ing sol id i f ica-
t ion. If the gas bubb les are nuc lea ted 
dur ing sol id i f icat ion, these are nor-
mal ly t rapped to fo rm porosi ty. Th is 
ef fect wi l l d e p e n d on the solubi l i ty of 
the gas in the meta l be ing jo ined. T h e 
risk of porosi ty is ind icated by the 
equ i l ib r ium solubi l i ty curve. 

It is o f ten found that the amoun t of gas 
d isso lved is of ten greater than the 

Fig. 7 : Equilibrium Solubility of Hydrogen 

e x p e c t e d unde r e q u i l i b r i u m cond i -
t ions for non arc mel t ing. In addi t ion, 
the so lu t ion of gas may be in f luenced 
by a l loy ing e lements wi th in the mate-
rial or o ther gases in the arc (e.g. 
o x y g e n and hydrogen have a signif i -

cant in f luence on the so lub i l i ty of Ni-
t rogen in s teel ) . 

Ox id is ing e f fec ts a re a lso respons ib le 
for loss of a l loy ing add i t ions a n d the 
fo rmat ion of ox ides inc lus ions whi le it 
is o b s e r v e d t ha t s o m e o x y g e n is 
benef ic ia l for the stabi l i ty o f the arc 
wh i le p r e s e n c e of o x y g e n in excess 
m a y lead to a de te r io ra t ion in we ld 
meta l . T h e v iscos i ty and t h e dens i ty 
o f t h e sh ie ld ing g a s wi l l d e t e r m i n e the 
abi l i ty to ma in ta in a lami l lar g a s f low 
to ach ieve the ef f ic ient g a s coverage , 
wh i le t u rbu lence in t he sh ie ld ing gas 
f low is undes i rab le w h i c h leads to in-
c rease a m o u n t of en te r t a i nmen t of 
con tam inan ts . 

ARC Stability 

In G M A W process , the potent ia l sta-
bil ity of the arc is ind ica ted by the 
d issoc ia t ion potent ia l a n d ion isat ion 
potent ia l of sh ie ld ing gas . T h e lower 
ion isa t ion po ten t ia l i nd ica tes the 
possib i l i ty o f i m p r o v e d A r c Stabi l i t ies. 
The ion isat ion is ma i ta ined by high 
t e m p e r a t u r e in t he core o f the a rc and 
thus in tu rn is a f fec ted by the t he rma l 
conduc t iv i t y o f t h e gas . H igh t he rma l 
conduc t iv i t y m a y resul t in reduc t ion in 
arc core d i a m e t e r and an inc rease 
m a y resul t in reduc t ion in arc core 
d i a m e t e r and an inc rease in vo l tage. 
For e x a m p l e , the overa l l a rc vo l tage 
in He l i um sh ie lded a rc m a y be doub le 
than in an equ iva len t A r g o n sh ie lded 
arc at 300 A m p s . 

Arc s t i f fness - A n o t h e r p h e n o m e n o n 
re lated to A r c Stabi l i ty , is ind ica ted by 
the fo rce g e n e r a t e d b e t w e e n the e lec-
t rode and w o r k t he p iece w h i c h is a lso 
e f fec ted by the sh ie ld ing g a s (For ex-
amp le , t he a rc fo rce at t he cen t re of 
the arc is m u c h less in case of He l i um 
rich g a s mix tu re , w h i c h e f fec ts stabi l -
ity o f t he arc in l ower w e l d i n g current) . 
In G M A W p rocess the arc root behav-
iour at the e lec t rode e n d has a signif i -
cant ef fect on p rocess stabi l i ty . It w a s 
obse rved that a f rac t iona l add i t ion of 
ox id is ing g a s to the inert sh ie ld re-
d u c e s the w o n d e r i n g of t he arc root 
and imp rove the stabi l i ty . C 0 2 addi -
t ions of m o r e than 15 to 2 0 % in A r g o n 
tends to i nc rease the level of spat ters 
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and decrease the arc stabil i ty in lower 
current range. 

Weld Geometry 

Fig. 8 : We ld Bead Geomet ry 
A F 

Di lut ion= A b + A f X 100% 

W - Width, h - Height of re inforcement 

d- depth 9- Wet t ing angle 

A b - Re in forcement area 

Af - Plate fusion area 

The we ld bead geomet ry may be de-
f ined as shown in Fig (8). The shield-
ing gas has a p ronounced effect on 
the bead geomet ry in both G T A W and 
G M A W processes. The total fused 
area is increased at equivalent cur-
rent by using gases wh ich increase 
the arc energy a l though the shape of 
the di lut ion and the re in forcements is 
inf luenced by the type of Shielding 
gas and the mater ia l used (e.g. an 
addit ion of He, H 2 , 0 2 and C 0 2 to 
Argon). 

Argon produces a p ronounced f inger 
or w i n e g l a s s p e n e t r a t i o n pro f i le 
whereas He l ium/Argon mixture wou ld 
produce a m u c h more rounded we ld 
bead with increased depth. The pro-
file of the re in forcement of the we ld 
can also be improved wi th correct 
shielding gas select ion. We ld beads 
with lower levels of re inforcement can 
give substant ia l wire sav ings and are 
especial ly important w i th expensive 
consumab les such as Low alloy steel. 
Stainless steels and A lumin ium. 

Weld Metal Properties 

Although the weld metal propert ies 
are control led by the chemical compo-
sition of consumables, the shielding 
gas inf luences the ult imate strength of 
the joint to large extent in the fol lowing 
ways. 

n Control of porosity. 

n Control of fusion characterist ics & 
al loying element recovery. 

n Control on Microstructure. 

Porosity 
Causes a loss in cross sect ional area 
wh ich may limit the joint property. Po-
rosity can be control led by select ion 
an appropriate shielding gas and en-
sur ing that suffucient purity o f t h e gas 
mixture used for shielding is main-
tained. 

Fusion characteristics & 
alloying element recovery 
Fusion defects may be min imized by 
select ing a gas which gives improved 
to lerance to other process variables 
and an increased heat input. Al loying 
e lements are also lost dur ing metal 
t ransfer in G M A W process. Not only 
the reactive metals (e.g. Ti and Zr.) be 
affected, but also the level of ele-
ments which significantly affect the 
weld metal property may also be re-
duced. The final recovery of the alloy-
ing e l e m e n t s wi l l d e p e n d on the 
oxidising potential o f t h e gas and the 
shielding med ium when determin ing 
t h e c o n s u m a b l e c o m p o s i t i o n fo r 
max imum recovery. 

Microstructure 
The final weld metal micro-structure 
may also be inf luenced by the shield-
ing gas as a result of its effect on we ld 
metal composi t ion. For example, it is 
found that with the ferritic steels, an 
improvement in toughness may be 
produced by increasing the oxidising 
potential of G M A Shielding Gas. It is 
bel ieved that this is due to the nuclea-
tion of f ine grained acicular ferrite. 
Excessive of oxide inclusion levels 

may be genera ted if C 0 2 and 0 2 lev-
els are increased abnormal ly and this 
wil l result in a deter iorat ion in we ld 
metal toughness due to "decohesion 
effects" 

Application of Gases 

GTA W E L D I N G 

Argon : A r g o n is most common ly 
used shie ld ing gas for T IG welding. 
Most is used for jo in ing A lumin ium 
and Sta in less Steel . A rgon is pre-
ferred for manua l weld ing. Because it 
is easy to use. It of fers the operators 
greater manipulat ive f lexibi l i t ies be-
cause of its lower arc vol tage charac-
terist ics. In addit ion, Argon provides 
super ior A rc start ing. For A C weld ing 
appl icat ions, A rgon is better than He-
l ium because of super ior c leaning ac-
t i on , w e l d a p p e a r a n c e a n d w e l d 
qual i ty. A rgon is also used for mecha-
nized T IG weld ing. 

Hel ium : He l ium is used primari ly for 
high speed machan ized T IG weld ing 
of light gauge mater ia l such as tube 
mills and for T IG we ld ing of high con-
ducit ivity and refractory al loys. He-
l i u m is m o s t l y u s e d in ( D C S P ) 
m e c h a n i z e d T I G w e l d i n g of alu-
min ium in a number of areas in space 
appl icat ions. Such we lds are deeply 
pene t ra ted and of h igh in tegra ted 
qual i ty. These we ld jo ints must be 
careful ly c leaned prior to we ld ing and 
it is advisible to use solid state control 
equ ipment to control the short buried 
Arc. 

Argon - He l ium Mixture 

A M I ' S ( I ) C U I ' ) • JIKI A M I ' S ( I > C H I ' | . ;nIIi 
AHC VOLTAGK • 15 A I < C V O L T A G K • 11 
WATTS = 4 500 WATTS « 3 3 0 0 

Fig. 9 : Increase of Heat Input with Different 
Shielding Gases 
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These mixtures are used to increase 
the vol tage and heat input of TIG Arc 
w h i l e m a i n t a i n i n g t h e f a v o u r a b l e 
character ist ics of Argon. Hel ium-r ich 
mix tu res are pre fer red in order to 
achieve signif icant benefi t f rom the 
Hel ium. The most c o m m o n l y used 
mixture conta ins 7 5 % hel ium. Fig. (9) 
s h o w s the substa in t ia i increase in 
heat input and we ld penetrat ion. Ad-
dit ions he l ium less than 50% have 
litt le i n f l uence on the arc charac-
terist ics. The common ly used mixture 
of He l ium / A rgon is in the proport ion 
of 7 5 % and 25%. The speed and qual-
ity of A C we ld ing in A lum in ium can be 
improved with this type of mixture with 
c leaning act ions a lmost as good as 
wi th pure Argon . These mixture is 
somet imes used for manua l weld ing 
of A lumin ium pipe and mechan ized 
weld ing of butt jo ints in A lumin ium 
sheet and plate. It is also used for hot 
wire T IG appl icat ions to increase the 
deposi t ion rate. To mainta in the good 
Arc behaviour of Argon and as wel l as 
to ach ieve the heat input charac-
t e r i s t i c s o f H e l i u m , a m i x t u r e o f 
(90/10%) Argon & Hel ium is used oc-
casional ly for DC manua l T IG Weld-
ing. 

Argon- Hydrogen Mixture 

Argon Hyd rogen mixtures are em-
p loyed in spec ia l cases , s u c h as 
mechan ized weld ing of light gauge 
stainless steel. Increased speeds can 
be ach ieved in a lmost direct propor-
t ion to the amount of Hydrogen added 
to Argon. 

However , the amount of Hydrogen 
that can be added vaies wi th the metal 
th ickness and type of joint on each 
part icular appl icat ion. Excess ive Hy-
drogen wil l cause porosi ty. Hydrogen 
concentrat ions of 33% can be used on 
all th ickness of s ta in less steel provide 
the gap be tween the we ld joint is 
within 0.010 to 0.020 inch in the fabri-
ca t ing Indust ry . The most popu la r 
mixture is A rgon + 15% Hydrogen. 
This mixture is most often used for 
weld ing t ight butt jo ints in sta in less 
steel upto 0.062 inch thick at a speed 
which can be as high as 50% faster 

than Pure Argon. This mixture is also 
used for weld ing of Stainless Steel 
beer - barrels and tube-type sheet 
welds in a variety of stainless steels 
and nickel alloys. A hydrogen content 
of 5%, is somet imes preferred for 
normal weld ing to obtain clear ap-
pearing weld. 

Helium - Hydrogen Mixture 

Since hydrogen addit ion in Argon im-
proves the per formance of Argon one 
would expect that He - H 2 mixture 
s h o u l d be a d v a n t a g e o u s too. Al-
though H 2 increases the voltage gra-
dient o f t h e arc, no signif icant speed 
increases have been observed for 
mixtures containing substant ial quan-
tity of Hydrogen. A 5% H 2 mixture, 
however, is used in several stainless 
steel tube mills primarily to obtain an 
oxide free weld surface. 

Nitrogen mixtures 

Because of its low cost, relatively inert 
behaviour, and greater conductivi t ies, 
at tempts have been made to util ize 
nitrogen as shielding gas. The suc-
cess have been achieved for D C S P 
TIG weld ing of copper and copper 
alloys wi th Nitrogen shield. On some 
grade of austenit ic stainless steel. N 2 

upto 15% addition in Argon can be 
used but the weld ing speed will fall 
substantial ly. 

GMA Welding 
C A R B O N - DI -OXIDE ( C 0 2 ) 

When C 0 2 is used as shielding gas 
for dip and globular transfer i.e. the 
l imit ing current upto 250 Amps , a 
good steady arc is obtained with good 
fusion characterist ics. At higher cur-
rent, M A G welding accompl ished by a 
non axial type of globular metal trans-
fer produces a great deal of spatter. 
To reduce the spatter , bur ied A rc 
Technique is used where the weld ing 
wire is captured in the deep weld pool 
post. Argon and 0 2 or Argon & C 0 2 

m i x t u r e s exh ib i t less spa t te r . To 
achieve the best we ld qual i ty with 
C 0 2 , highly deoxidized consumables 
should be used. 

C 0 2 as a shie ld ing gas is also used in 
conjuct ion wi th f lux cored wires. This 
process of we ld ing common ly known 
as F C A W process and al lows the ad-
vantages of reduced spatter, easier 
we ld puddle control, lower smoke and 
genera l ly bet ter all round perform-
ance. 

Argon : 
On ferrous metal , A rgon a lone does 
not exhibi t adequate arc stabil i ty dur-
i n g w e l d i n g . T h i s c a u s e s p o o r 
shaped beads and undercuts. Addi-
t ion of C 0 2 or 0 2 to A rgon overcomes 
this diff iculty. 

Argon - Oxygen Mixtures : 
1 to 2 % Oxygen mixture in Argon 
provides better we ld ing of the arc, 
improves the d rop rate o f t h e g lobules 
and provides good we ld bead coales-
cence and appearance of the weld 
bead. It is somet imes preferred for 
apray weld ing of sta in less steel at 
high speeds. In case of alloy steel 
weld ing, the corrosion resistance and 
mechanica l propert ies of the welds 
are found to be better than weld ing 
wi th h ighercon ten t of 0 2 in Argon. 2% 
Oxygen mixtures are somet ime used 
for sp ray w e l d i n g of ca rbon s tee l 
w h e n we ld sur face is ox id ized and to 
minimize the s lag informat ion 3 to 5% 

0 2 in A rgon mixture are normal ly used 
fro spray A rc we ld ing of mild steel. 
These mix tu res genera l l y g ive the 
best all round arc stabil i ty 6 to 12% 0 2 

in Argon mixtures are also used by 
some fabr icators. The h igher oxygen 
potential of these mixtures increases 
suface slag and requires h igher alloy 
content wi re to ensure sound welds 
wi th adquate mechan ica l propert ies. 

Argon - Carbon Dioxide Mix-
tures : 
Smal l addi t ions or carbon d iox ide to 
Argon produce about the same effect 
of MIG weld ing as wi th A rgon & 0 2 

mixture. These type of gas mixture 
can be classi f ied into three catego-
ries. 
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Low C 0 2 Content (1 to 4%) in Argon 

This mixture is character ised to pro-
duce a we id dist inct ive f ingure type 
penetrat ion profi le. This mixture g ives 
s tab le low spa t te r a rc and a l l ows 
pulsed A rc techn ique a l though the 
Pulse Arc we ld ing are a sui table to the 
posit ional we ld ing of th in sheet by dip 
t ransfer techn ique wh ich g ives low 
heat input and more risk of fusion 
defects on th icker material . In addi-
t ion, the appl icat ion of these mixture 
for mul t ipass spray t ransfer we ld ing of 
th icker sect ions is l imited s ince the 
format ion of porosi ty were also ob-
served. Th is phenomenon occurs due 
to ent rapment of A rgon and the solu-
t ion of Ni t rogen in we ld puddle, wh ich 
can be min imized by increasing the 
percentage of C 0 2 content in gas and 
as wel l as the we ld ing current.. 

Medium content of C 0 2 (5 to 15%) 
in Argon 

This mixture g ives improve plate fu-
sion reducing the chance of fusion 
de fec ts w i t h h ighe r and improved 
we ld bead profi le. Wi th the h igher 
content of C 0 2 the heat input also 
increases result ing in deeper penetra-
tion. The f luid we ld pool wi l l al low any 
ent rapped gas to rise to the surface 
b e f o r e t h e f r e e z i n g o c c u r s , a n d 
thereby reducing the possibi l i t ies of 
porosity. 

Higher Content of COz (16 to 30%) 
in Argon 

For shielding gases conta in ing 16% to 
20% C 0 2 the arc wil l behave same as 
15% C 0 2 in A rgon wi th sl ightly in-
crease in spatter generat ion. How-
ever 21% to 30% C 0 2 in Argon wil l 
per form in a s imi lar manner to pure 
C 0 2 and the prob lems related to ho-
mogenous mixture of A rgon & C 0 2 

will also ef fect the we ld qual i ty consid-
erably. A rgon & C 0 2 / 0 2 mixtures usu-
ally exhibit better we ld profi les and 
lower level of re in forcement as the 
weld pool is more fluid. The addit ional 
0 2 helps to reduce the size of droplet 
and improves the stabil i ty o f t h e trans-
fer. 

Helium - Argon - Carbon-di-
Oxide Mixtures 
90% Argon and balance Hel ium with 
littel addit ion of C 0 2 is now a days 
becoming popu la r fo rwe ld ing ofs ta in-
less steel. The lower C 0 2 level is 
required to avoid carbon pick up and 
ensure corrosion resistance, espe-
cially in mult ipass welds. The lower 
level of C 0 2 provides good arc stabili-

of high alloy sta in less steel these mix-
tures improve the fluidily o f t h e puddle 
and bead shape. 

Argon - Nitrogen Mixture 
During the exper imenta l Stage, smal l 
amount of Ni t rogen were added to 
A rgon & Oxygen mixture to achieve a 
complete ly austeni t ic microstructure 
in welds made with 347 type of filler 

ties and d3velops slightly more pene-
trat ion than a like amount of 0 2 in the 
mixture. The high percentage of He-
lium increases the Arc voltage dur ing 
the weld ing and provides addit ionals 
heat input to overcome the sluggish 
nature o f t h e weld puddle in stainless 
steel. For weld ing high-strength steel, 
a mixture of 61 % He, 35% Ar and 4% 
C 0 2 is proven to be most eff icient. 
This mixture can be used for all posi-
t ional weld ing and can reduce the re-
quirement of the operators' skill for 
out-of-posit ion welding. By increasing 
the percentage of Hel ium the control 
of out-of-posit ion weaved weld beads 
becomes more diff icult because the 
puddle are more fluid in nature. 

Argon - Helium - Oxygen 
Mixture 

In order to reduce porosity. H e - A r - 0 2 

mixtures are occasional ly used for 
spray weld ing and surfacing. In case 

metal. Concent ra t ion of N 2 was be-
tween 1 to 1.5%. It was observed that 
the welds were sound a l though con-
siderable smoke evolved dur ing weld-
ing. Addi t ional of 2 % N 2 in Argon rich 
mixtures p roduced porosi ty in mild 
steel weld ing and more than 0 .4% can 
cause porosi ty in c o m m o n steel weld-
ing. MIG weld ing of copper & its alloys 
wi th A rgon Ni t rogen mixtures resulted 
in higher spat ter generat ions. 

Argon - Chlorine Mixtures 
Chlor ine is normal ly bubbled through 
the molten A l lumin ium to remove hy-
drogen f rom the ingots or cast ings. 
Since this degass ing operat ion is 
successful ly used, it was though t - tha t 
chlor ine might remove hydrogen f rom 
a lumin ium we ld metal to e l iminate po-
rosity but this gas mixture was not 
able to del iver consistent qual i ty weld-
ing. 

Gas(7t)%) 

Labour(70.0%) 

M I L D S T E E L S T A I N L E S S S T E E L 
Fig. 10 : Cost Comparision of Process Components Per Metre of Weld 

power (ft)%) Power(2'0%) 

Wire(21.0%) 
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Gas Applications Features 

Argon G T A W , all metals G M A W 
spray/pulse a lumin ium 
nickel, copper alloys 

Stable arc per formance Poor 
wett ing character ist ics in G M A W 
Efficient shielding wi th Low cost 

He l ium G T A W , all metals especial ly 
copper & a lumin ium G M A W , 
high current spray a lumin ium 

High heat input 
Increased arc vol tage 

A rgon + 25 
to 8 0 % He 

G T A W , aluminium, copper 
stainless steel G M A W 
alumin ium & copper 

Compromise between pure Argon 
& pure He. Lower He contents 
normal ly used for G T A W 

Argon + 0. 5 to 15% H2 G T A W austenit ic Stainless Steels 
somfe Copper nickel alloys 

Improved heat input edge wett ing" 
and we ld lead profile. 

CO2 G M A W , plain carbon and 
low alloy steels 

Low cost gas. Good fus ion 
character ist ics/shielding eff ic iency 
but stabil i ty and spat ter levels poor. 
Normal ly used for dip t ransfer only. 

A rgon + 1 to 7 % CO2 + 
+ upto 3% O2 

G M A W , plain carbon and 
low alloy steels. Spray 
transfer. 

Low heat input, stable arc. F inger 
penetrat ion. Spray t ransfer and dip 
on thin sect ions. Low CO2 levels 
may be used on stainless steels but 
carbon pickup may be a problem. 

A rgon + 8 to 15% CO2 
+ upto 3% 0 2 

G M A W plan carbon and low 
alloy steels. General purpose 

Good arc stability for dip+spray pulse 
and FCAW. Sat isfactory fusion & 
bead profile. 

A rgon + 16 
to 2 5 % CO2 

G M A W plain carbon and low 
alloy steels. Dip t rans fer /FCAW 

Improved fusion character ist ics for dip 

A rgon + 1 to 8% O2 GMAW dip and spray & 
pulse, plain carbon and 
stainless steel 

Low 02 mixtures sui table for spray 
and pulse but sur face oxidat ion and 
poor weld profile often occur wi th 
stainless steel. No carbon pick up. 

He l ium + 10 
to 2 0 % Argon 
+ Oxygen + CO2 

G M A W Dip transfer 
stainless steel 

Good fusion character ist ics, high short 
circuit f requency. Not sui table for 
Spray / pulse transfer. 

A rgon + 30 to 
4 0 % He + CO2 
+ O2 

G M A W DIP, Spray and pulse 
weld ing of stainless steels 

Improve per formance in spray and , 
pulse transfer. G o o d bead profile. Restrict 
CO2 level for m in imum carbon pickup 

A rgon + 30 to 
4 0 % He + up 
to 1% O2 

G M A W dip, spray and pulse 
weld ing of stainless steels 

Genera l purpose mixture wi th low 
surface oxidat ion and carbon pickup 

Gas Mixtures Available and Their Application - At a glance 
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Influencing Factors in 
Selecting Shielding Gas 

The fo l lowing factors inf luence the se-
lection of most economica l shielding 
gas : 

n Re la t i ve p e r f o r m a n c e i.e. w e l d 
speed, spatter , s m o k e & product iv-
ity. 

a The relat ive cost of the shielding 
gas. 

n The type o f t h e appl icat ion and utili-
zat ion i.e. mani fo ld system, Bulk 
storage sys tem etc. 

In most o f t h e c i rcumstances, the total 
operat ing cost shou ld determine the 
gas select ion not the initial cost of gas 
itself. This is part icular ly t rue for we ld-
ing in mechan i zed appl icat ion and 
robotic whe re op t imum product iv i ty is 
t h e e s s e n c e a n d c a n be e a s i l y 
achieved. For example , a mixture of 
75% He & 2 5 % Argon can be used in 
a lumin ium pipe weld ing appl icat ions 
to achieve op t imum we ld qual i ty, in-
spite o f t h e h igher cost for the He l ium 
mixture as compared to Pure Argon. 

In G M A weld ing of low al loy and mild 
steel the initial gas cost can appar-
ently be a factor in the choice between 
C 0 2 and Argon & C 0 2 mixture. Whi le 
the comparat ive like to like cost of 
A r g o n / C 0 2 mixture may initially ap-
pea r to be on the h ighers ide than that 
of C 0 2 but the operat ing advantages 
and the indirect benef i ts of Argon C 0 2 

mixtures generate demonst rab le sav-
ings in the total we ld ing cost that can 

easi ly of f set the pr ice d i f fe rence. 
Some of these advantages are as 
fol lows. 

n Minimizat ion of spat ter : The nature 
of Argon base mixtures is such that 
we ld spatter is s u b s t a n t i a l less 
than that encountered with C 0 2 

n Duty cycle increases : The opera-
tor is able to weld for longer periods 
of t ime before stopping to clean 
spatter f rom nozzle and contact tip. 
This enchances the longer life of 
the semi-consumable components 
such as nozzle tip etc. 

n Post-weld c lean up t ime is re-
duced due to minimal spatter on 
the work piece. This is particularly 
i m p o r t a n t w h e r e the c u s t o m e r 
needs a smooth,painted surface, 
for example, Automobi le , Heavy 
Engineer ing Industries. 

n Interpass clean up t ime is reduced, 
due to reduction of slag deposi t 
and spatter on the previous weld 
bead. This increases the duty cycle 
and production output. 

n In some circumstances, a less ex-
pensive filler wire with less amount 
of deoxidizers may be util ised with 
Argon base mixtures. 

n Whi le weld ing with C 0 2 shielding, 
due to the tendency of overweld, 
t h e w e l d b e a d b e c o m e s more 
growing result ing in a peaky weld. 
Argon base mixtures allow a reduc-
t ion in the g rowing ef fect , thus 
lower consumpt ion of weld metal 
per inch of weld and correspond-
ingly faster travel speeds. This is 
particularly noticeable whi le weld-
ing of sheet metals upto 1/2 inch 
th ickness. 

« Due to less spatter loss, the depo-
s i t ion e f f i c iency of the w i re in-

creases-resul t ing in lower cost of 
depos i ted we ld metal . 

n The A rc fo rmed in C 0 2 shielding 
generate more heat than that of 
A rgon mix tures. Th is hotter Arc 
tends to create burn through whi le 
a gap is observed due to poor fit-
ment of the plates to be welded. 
Wi th A rgon mixture it is easier to 
br idge the gaps and we ld over 
poor-f i t -up in the we ld plates. 

CONCLUSION 

Shielding Gas select ion is a Key vari-
able for achiev ing better weld ing per-
f i rmance. S ince there are a large 
number of Shie ld ing gases avai lable, 
choice of op t imum gas mixture is best 
under taken by means of careful moni-
tored comparat ive s tud ies which al-
low the pract ical features and cost 
factor to be accurate ly assessed for 
better qual i ty and productivi ty. 
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