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The shielding gas is important not only to the quality of the weld but also to productivity and working environment. 

INTRODUCTION 

The importance of the 
shielding gases 
Optimizing the welding process 
means considering the whole sys-
tem that is the choice of f i l ler 
meta l , the sh ie ld ing gas, the 
powersource as well as the weld-
ing parameters. Optimizing could 
have a different meaning for dif-
ferent manufacturers depending 
on demand on corrosion resis-
tance, mechanical properties, sur-
face appearance, product iv i ty , 
working environment etc. 

The choice of shielding gas influ-
ences the welding process to a dif-
ferent extent in different welding 
processes. In figure 1 the features 
of the shielding gas in GMAW 
(MIG/MAG). 

When welding of stainless steel 
the weld pool and the hot metal 
should be shielded from air. This 
is preferably done with a non-oxi-
dizing gas. However, in GMAW a 
low percentage of oxygen (02) or 
carbon d iox ide (C0 2 ) is o f ten 
needed in the shielding gas to im-
prove in arc stability. 

Other gases, such as nitrogen, he-
lium, hydrogen and nitric oxide, is 
sometimes added to obtain spe-
cific properties. 

Arc stabi l i ty and metal 
transfer 
As mentioned, oxygen or carbon 
dioxide are added to improve arc 
stability and reduce spatter forma-
tion in GMAW. Typical levels for 
welding with solid or metal cored 

wires are 1-2% oxygen or 2-4% 
carbon dioxide. If the oxygen level 
is less than 1% or the carbon diox-
ide level less than 2%, the wetting 
effect is not sufficient. Higher lev-
els of oxygen and carbon dioxide 
than 2 and 4% respectively gives 
excess ive ox idat ion. In some 
cases, with very high al loyed 
steels or nickel-base alloys, pure 
argon is used even for GMAW. 
These high-alloyed materials are 
so sensitive to oxygen that normal 
shie ld ing gases for GMAW of 
stainless steel will cause too much 
oxidation of the weld surface. 

For welding with flux cored wires 
(FCAW) a completely di f ferent 
range of shielding gases is used. 
Most gas shielded flux cored wires 
have been developed to be used 
with a shielding gas containing 20-
100% carbon dioxide. In FCAW a 
shielding gas with less than 20% 
carbon dioxide usually results in 
less good arc characteristics. 

Helium is a non-oxidizing gas like 
argon and is sometimes used in 
the shielding gas for welding of 
stainless steel. In G M A W and 
spray arc welding, a shielding gas 
with too high precentage of he-
lium resulta in a less stable arc 
due to amongst others, forming of 
larger drops. For short arc weld-
ing on the other hand a higher 
helium content can be benificial. 
To get the best out argon and he-
lium, a mixture with 30-40% he-
lium, a few percent of an oxidiz-
ing gas and the rest argon often 
is used as an all round gas. 

Loss of alloying elements 
and carbon pick-up 
Both oxygen and carbon dioxide 
give oxidation losses of alloying 
e lements , ma in ly manganese 
(Mn) and silicon (Si), when drop-
lets from the molten filler metal 
pass through the arc. For corre-
sponding percentage of oxygen 

Environm«nt 
Emission ol fume and gases Is 
influenced by the shielding gas 

Shielding effect 
Molten or healed metal is 
shielded Irom air in a controlled 
shielding gas atmosphere 

Metal transfer 
The type ol metal transfer is 
stroogty dependent on the 
shielding gas The shielding 
gas also Influences the size and 
lorces acting on the droplets 

Surface appearance 
Amount ol spatter and 
surface slagg Is influenced 
by the shielding gas 

Arc stability 
Arc stability and arc ignition are 
Influenced by the shielding gas. 

Metallurgy and 
mechanical properties 
The loss ot alloying 
elements and ptckup ol 
oxygen, nitrogen and 
carbon is Influenced by the 
shielding gas. Th i s loss 
and pickup will Influence 
Ihe mechanical properties 
of the weld metal. 

Weld geometry 
Weld bead profile as well 
as penetration profile are 
Influenced by the shielding 
gas 

Fig. 1 The influence of the shielding gas upon GMAW. 

INDIAN W E L D I N G JOURNAL, JANUARY, 1994 



and carbon dioxude, the oxidation 
loss is higher with oxygen, even if 
no oxygen or carbon dioxide is 
present in the shielding gas some 
losses take place due to vaporiza-
tion. 

Carbon dioxide in• the shielding 
gas can sometimes result in car-
bon pick-up in the weld metal. If 
the carbon content is too high, 
chromium carbides might precipi-
tate in the gra in boundar ies 
above a certain temperature. The 
areas close to the grain bound-
aries will get a lower chromium 
content and wi l l t he re fo re be 
more sensitive to corrosion (grain 
boundary corrosion). The risk is 
usually very low when the shield-
ing gas contains less than 3% of 
carbon dioxide (Figure 2). 

In FCAW where much higher lev-
els of carbon dioxide are used, 
an effective slag system counter-
acts the carbon pick-up. There-
fore the difference in carbon pick-
up is marginal between 20 and 
100% carbon dioxide when weld-
ing with such wires. 

q U- — ? n n o — ^ £» n 
Productivity 

• . . • • . . 

The welding speed can some-
times be increased when helium 
is present in the shielding gas. 
Helium has a higher heat conduc-
tivity than argon and for the same 
arc length and current the voltage 
also is higher. This means that 
the heat input with helium will be 
higher for the same we ld ing 
speed or the higher energy can 
be used to increase the welding 
speed. In GMAW it is especially 
in short arc welding that the ben-
eficial effect of helium can be uti-
lized. 

Also in other processes, like in 
GTAW (TIG), high hel ium con-
tents in the shielding gas produce 
good we lds at high we ld ing 
speeds. This is especially used 
for nickel-base alloys and some-
times also for ferritic and duplex 
stainless steels. Addit ion of hy-
drogen in GTAW or Dlasma weld-
ing (PAW) can also be used to in 

0.040 n * j vs 

0.010 

0.000 

• Ail weld metal 
V Weld. V- joint 

Fig.2. Carbon level in weld metal with different carbon dioxide contents in the shielding gas [6] 

crease the weld ing speed. It 
should, however, only be used for 
austenitic stainless steels due to 
risk of hydrogen embrittlement. 

Weld geometry 
When carbon dioxide is used in 
argon for GMAW, the voltage has 
to be a little higher than with oxy-
gen. This, in conjuction with a 
more favourable effect on the 
surface tension results in a more 
flat weld with carbon dioxide, es-
pecially in short arc welding. 

Oxygen and carbon dioxide also 
change the heat conduct iv i ty 
compared to pure argon and this 
affects bead geometry and pen-
etration in the base material in a 
positive way. 

As mentioned before, the heat in-
put is increased when helium is 
used in the shielding gas. At un-
changed welding speed, a greater 
penetrat ion prof i le can be 
achieved with helium due to the 
higher energy and a broader arc. 

Hydrogen addition gives a more 
narrow and more deeper 
pnetrat ion prof i le and is used 
mainly in GTAW and PAW. Hy-
drogen, which is a reducing gas, 
reacts with oxygen why less ox-
ides are formed. 

A disadvantage with hydrogen is 
the risk for hydrogen 
embrittlement. This is especially 
important when steels with a high 
percentage of ferrite or marten-
site are welded. Materials that 
therefore can be considered as a 

"risk group" include ferritic, mar-
tens i t i c and poss ib ly dup lex 
stainles steels. 

Corrosion resistance and 
mechanical strength 
Recently there has been much 
interest in adding nitrogen(N2) to 
the shielding gas in gas shielded 
arc welding of stainless steel. Ni-
trogen addition to the shielding 
gas is used mainly to improve pit-
ting corrosion properties but also 
to some extent to improve me-
chanical strength. Pitt ing resis-
tance at the root side is also in-
creased by using pure nitrogen or 
nitrogen with 5-10% hydrogen in 
the root shield. 

Nitrogen in austenit ic stainless 
steel plays a role similar to that 
of carbon in increasing the me-
chanical strength but without the 
associated disadvantages related 
to precipitation of carbides [1],[2], 

In high al loyed stainless steels 
("Super austenites" and "Super 
duplex") high contents of chro-
mium, molybdenum and nitrogen 
results in good resistance to pit-
t ing and c rev i ce cor ros ion. If 
nickel is used instead of nitrogen, 
similar corrosion properties can 
be achieved but there is a ten-
dency to precipitation of interme-
tall ic phases e.g. Sigma Phase 
[4], This is a reason to use high 
nitrogen contents in these materi-
als. Typical levels of nitrogen in 
nitrogen alloyed stainless steels 
are 0.1-0.3%. 
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W h e n w e l d i n g n i t r o g e n b e a r i n g 
s ta in less s tee ls , t he re is a loss of 
n i t r o g e n in t h e w e l d w h i c h de -
c reases the p i t t ing co r ros ion re-
s i s t a n c e . In G T A W w i t h f i l l e r 
meta l and in G M A W th is can be 
c o m p e n s a t e d for by a p roper al-
l o y i n g o f t h e f i l l e r m e t a l . In 
G T A W and P A W of th in mate r ia l , 
w i thou t f i l ler meta l , t he loss of ni-
t rogen has to be c o m p e n s a t e d for 
in ano the r way . Th i s can be done 
by us ing an a rgon /n i t r ogen m ix -
ture as sh ie ld ing gas . 

A r g o n - b a s e d sh ie ld ing gases con-
ta in ing n i t rogen to g i ve a cer ta in 
n i t r o g e n l e v e l in t h e w e l d a re 
used c o m m e r c i a l l y t o d a y . M o s t 
c o m m o n l y these sh ie ld ing gases 
consist of a rgon w i th 2 - 5 % nitro-
gen . It is h o w e v e r not easy to 
reach the des i red n i t rogen leve l 
in t h e w e l d m e t a l s i n c e t h e 
a m o u n t of n i t rogen that goes into 
s o l u t i o n in t h e w e l d p o o l is 
s t rongly d e p e n d a n t of the arc en-
ergy and heat input [3], [5] , If ni-
t rogen is go ing into so lu t ion in the 
we ld poo l the N2 m o l e c u l e has to 
be d i ssoc ia ted , that is spl i t in to 
two f ree n i t rogen a toms . To wh ich 
degree th is is done d e p e n d s a lot 
on the ene rgy in the arc. 

In G T A W the arc vo l t age is l inear 
to t h e s t a n d - o f f d i s t a n c e . T h i s 
m e a n s tha t t he arc t e m p e r a t u r e 
and the d issoc ia t ion leve l of n i t ro-
g e n v a r i e s w i t h v a r i e d s t a n d o f f 
d i s t a n c e [5 ] , In p r a c t i c e t h i s 
m e a n s that the n i t rogen leve l in a 
weld, m a d e wi th m a n u a l G T A W , 
can va ry a long the w e l d due to 
s m a l l c h a n g e s in s t a n d - o f f d is -
tance. O the r fac to rs e f fec t ing the 
n i t rogen p i ck -up are cur rent and 
we ld ing speed . 

S ince so m a n y p a r a m e t e r s inf lu-
ence the n i t rogen p ick -up it is ad-
v isab le to use a rgon /n i t rogen m ix -
tu res on ly for m e c h a n i z e d we ld -
ing whe re the p rocess is eas ie r to 
contro l . T o ob ta in a des i red ni tro-
gen leve l in the su r face layer on 
the root s ide is eas ier . It is less 
sens i t i ve to va r ia t i ons in we ld ing 
p a r a m e t e r s . S u i t a b l e g a s e s are 

pure n i t rogen or n i t rogen w i th 5-
10% hydrogen. 

T y p i c a l a p p l i c a t i o n s w h e r e it is 
benef ic ia l to use argon / n i t rogen/ 
m ix tu res are G T A we ld ing to th in 
sheets and the long i tud ina l s e a m 
o f t h i n - w a l l e d t u b e s and p ipes , 
e s p e c i a l l y in d u p l e x s t a i n l e s s 
steel . 

W i t h n i t rogen in the sh ie ld ing gas 
the r ight ra t io of aus ten i te and 
fe r r i te can be a c h i e v e d w i t h o u t 
add i t ion of a spec ia l f i l ler meta l . 

Root side shielding 
In s o m e app l ica t ions the root s ide 
of the we ld have to be protected. 
If no t an o x i d e l a y e r w i l l be 
fo rmed . The layer of ox ide con-
ta ins c h r o m i u m wh ich has been 
taken f r om the meta l immed ia te l y 
beneath th is layer. Due to lower 
c h r o m i u m content in th is zone the 
c o r r o s i o n r e s i s t a n c e w i l l d e -
c r e a s e . A s tudy [7] has s h o w n 
that for ma in tenance of cor ros ion 
res is tance of an s tandard type of 
austen i t ic s ta in less steel, the oxy-
gen content in the sh ie ld ing gas 
shou ld not exceed 25 ppm. 

In order to reach such low con-
cent ra t ion of oxygen it is neces-
sary to purge the we ld tho rough ly 
wi th root gas before we ld ing be-
g i n s . P u r g i n g o f t h e roo t s i d e 
mus t cont inue even after we ld ing 
unt i l the t e m p e r a t u r e has fa l l en 
be low 250°C. Benea th that leve l 
no o x i d a t i o n t a k e s p l ace w h i c h 
cou ld deter iorate the cor ros ion re-
s is tance of the steel . 

T h e fo l l ow ing gases are norma l l y 
used for root p ro tec t ion : a rgon, 
a r g o n / h y d r o g e n , n i t r o g e n / h y d r o -
gen and he l ium. 

A r g o n i s t h e m o s t c o m m o n 
b a c k i n g gas . T h e s tandard qual -
ity of a rgon is n o r m a l l y e n o u g h 
for keep ing d o w n the o x y g e n con-
tent The add i t ion of hyd rogen to 
a r g o n p r o v i d e s a r e d u c i n g g a s 
tha t c o u n t r a c t s o x i d e f o r m a t i o n 
wh i le g i v ing the root a smoo the r 
and mo re un i f o rm shape . 

N i t r o g e n w i t h 1 0 % h y d r o g e n is 
a lso a c o m m o n root gas and has 
jus t as g o o d sh ie ld ing e f fec t as 
the other two. 

Pure n i t rogen is qu i te unusua l as 
a back hq g a s fo r t h e m o m e n t , 
but an i nc reased use can, how-
ever , be seen for we ld i ng of du-
p lex s ta in less steels. T h e use of 
n i t rogen inc reases the p i t t ing re-
s i s tance in the root s ide of the 
we ld . 

He l i um has a lower dens i ty than 
air wh i ch g i ves it a ra is ing e f fec t . 
It can t h e r e f o r e be used to re-
m o v e t r apped air in h igh pos i t ions 
( table 1). 

G a s D e n s i t y ( k g / m ) D e n s i t y 

at 1 Bar 1 5 ° C in re lat ion to aii 

A i r 1 . 2 1 3 1 

N i t r o g e n 1 . 1 7 0 0 . 9 6 

N 2 + 1 0 % H 2 1 . 0 6 1 0 . 8 7 

A r g o n 1 . 6 6 9 1 . 3 8 

H e l i u m 0 . 1 6 7 0 . 1 4 

A r + 7 0 % H e 0 . 6 2 0 0 . 5 1 

Ar + 3 0 % H e 1 . 2 2 0 1 . 0 1 

T a b e l 1. D e n s i t i e s for d i f f e r e n t root g a s e s . 

F ig .3 . H o w the shie lding g a s a t m o s p h e r e a n d w e l d pool c a n be c o n t a m i n a t e d in G M A W . 

Contaminated shielding gas 
because of defective hoses 

Condensation because of overly cold 
cooling media (water-cooled 

rust, condensation 

Air can enter through 
- turbulence caused by spatter in the 

gas cup or excessive gas flow 
- inadequate gas f low 
- unstable arc 

Draughts. Sensitivity increases 
when gas f low is too low 
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A r g o n o r h e l i u m a r e r e c o m -
m e n d e d f o r r o o t p r o t e c t i o n o f 
n o n a u s t e n i t i c s t a i n l e s s s t e e l s . 
H y d r o g e n is o f ten a v o i d e d due to 
t h e r i s k f o r h y d r o g e n 
e m b r i t t l e m e n t . N o r s h o u l d g a s 
m i x t u r e s c o n t a i n i n g n i t r o g e n be 
used. N i t rogen is a s t rong aus ten-
i te - fo rmer , and in cases whe re it 
is des i red to ma in ta in the ferr i t ic 
s t ructure ent i re ly , n i t rogen shou ld 
not be used. 

Contamination to be 
considered in welding 
G a s e o u s c o n t a m i n a n t s tha t can 
c a u s e p r o b l e m s i f p r e s e n t in 
e x e s i v e c o n c e n t r a t i o n a re o x y -
g e n , n i t r o g e n , h y d r o g e n a n d 
mois tu re . G a s e s l ike o x y g e n and 
h y d r o g e n is o f t e n a d d e d to the 
sh ie ld ing gas in o rder to i m p r o v e 
the s tab i l i ty of the arc or to im-
p r o v e t h e a p p e a r e n c e o f t h e 
we ld . T h e s e gas m i x t u r e shou ld 
only be used for w e l d i n g of ma te -
r i a l s t h a t a r e no t s e n s i t i v e t o 
these par t i cua l r gas c o m p o n e n t s . 

T h e c o n t a m i n a t i o n s o r i g i n a t e 
f r om d i f f e ren t sources . O x y g e n , 
n i t rogen and mo is tu re ex is t in air 
and can penet ra te the gas sh ie ld . 
Mo is tu re is d i ssoc ia ted in the arc 
into hyd rogen and o x y g e n a toms. 

H y d r o g e n c a n o r i g i n a t e f r o m 
mois tu re , e .g . condensa t i on on the 
s u r f a c e o f f i l l e r m e t a l o r b a s e 
meta l or f r o m g rease and oil . 

F igure 3 shows h o w c o n t a m i n a -
t ion can en te r the sh ie ld ing gas 
a t m o s p h e r e and the we ld pool . 

O t h e r m a j o r c o n t a m i n a t i o n 
sources are, leak ing connec t i ons 
and d i f f us ion t h rough hoses. 

It is h o w e v e r impo r tan t to point 
out tha t c o n t a m i n a n t s s e l d o m or 
never are p resent in the sh ie ld ing 
gas i tsel f . 

H o w s e n s i t i v e to c o n t a m i n a t i o n 
a r e t h e s t a i n l e s s s t e e l s t h e n ? 
C o n t a m i n a t i o n of we ld me ta l can 
c a u s e p o r o s i t y , e m b r i t t l e m e n t , 
and reduc t ion of co r ros ion resis-
tance of the we ld . Bo th poros i ty 
and e m b r i t t l e m e n t lead to weak -

en ing of a weld. 

In we ld ing s ta in less steels a dis-
t i nc t i on mus t be m a d e be tween 
austeni t ic , mar tens i t i c and ferr i t ic 
s teels as wel l as comb ina t ions of 
these steels, as they possess di f-
f e ren t s e n s i t i v i t y to c o n t a m i n a -
t ions. 

Mar tens i t ic and fe r r i te -mar tens i t i c 
s tee ls are sens t i t ve to hydrogen 
and mo i s tu re c o n t a m i n a t i o n be-
c a u s e o f t h e r isk fo r h y d r o g e n 
e m b r i t t l e m e n t . O t h e r s t a i n l e s s 
steel types are not as sens i t ive. 

A u s t e n i t i c s t a i n l e s s s t ee l is in 
t e rm of porosi ty fair ly insens i t ive 
to n i t rogen. Up to 5% can be per-
mi t ted in the sh ie ld ing gas. Nev -
e r t h e l e s s n i t r o g e n c a n h a v e a 
n e g a t i v e e f f e c t on a u s t e n i t i c 
s ta in less steels. N i t rogen lowers 
the leve l of ferr i te ( there shou ld 
be s o m e ferr i te in austeni te) and 
t h u s i n c r e a s e s t h e r isk fo r hot 
c rack ing dur ing we ld ing . Fer r i t i c 
s t a i n l e s s s t e e l s p o s s e s s a 
g r e a t e r s e n s i t i v i t y to n i t r o g e n . 
S ince ferr i te has a lower capabi l -
ity of d isso lv ing n i t rogen in com-
par ison to austeni te , the risk for 
p o r e f o r m a t i o n i n c r e a s e w i t h 
h igher n i t rogen levels. 

O x y g e n pr imar i ly e f fec ts the cor-
r o s i o n r e s i s t a n c e o f s t a i n l e s s 
steel . Oxygen can lead to a br i t t le 
layer of ox ide fo rm ing on the sur-
f a c e of t h e w e l d m e t a l d u r i n g 
we ld ing . Th is ox ide conta ins h igh 
leve ls of ch rom ium, and the chro-
m i u m be ing a b s o r b e d f r o m the 
under ly ing steel thus reduces the 
cor ros ion res is tance of the meta l . 
T h i s o x i d e s h o u l d be r e m o v e d 
th rough pick l ing or by mechan ica l 
means . 

Working environment in 
welding of stainless 
steels 
In we ld ing , air po l lu tants are gen-
era ted and take the fo rm of dust , 
f u m e and gases . Dust pa r t i c les 
fa l l in c lose v ic in i ty to the arc be-
c a u s e t h e y a r e c o m p a r a t i v e l y 
large and heavy . 

W e l d i n g f u m e , c o n s i s t s o f ex -
t r e m e l y s m a l l p a r t i c l e s , usua l l y 
less than 0.5 m i c r o m e t e r in d iam-
eter. 

The de ta i l s c o n n e c t e d w i th stain-
less we ld ings are as be lows :-

e C h r o m i u m , Cr . T r i v a l e n t and 
h e x a v a l e n t c h r o m i u m a r e 
f o r m e d t h r o u g h ox ida t ion . Both 
f o r m s p roduce i r r i ta t ion of the 
m u c o u s m e m b e r a n e s , m e t a l 
f u m e feve r and they a lso ef-
fec t the resp i ra to ry passages 
and the lungs. 

E N i c k e l , N i , N i c k e l o x i d e in 
we ld ing f u m e can cause meta l 
f u m e fever . 

e O z o n e , 0 3 , O z o n e in a 
c o l o u r l e s s , t o x i c g a s and is 
f o r m e d in a l l a r c w e l d i n g . 
O z o n e a f f e c t s t h e m u c o u s 
m e m b e r a n e s , m a i n l y in t h e 
resp i ra tory passages . 

S y m p t o m s o f o z o n e i n c l u d e 
i tch ing or burn ing in the throat , 
c o u g h i n g , c h e s t p a i n a n d 
wheez ing . 

E ' H y d r o g e n has also an O z o n e 
reduc ing e f fec t wh i ch h o w e v e r 
is m u c h sma l l e r t han that for 
ni t r ic ox ide . A c o m m o n shie ld-
ing gas con ta in ing 2 % hydro-
gen resu l ts in about two t imes 
h i g h e r o z o n e e m i s s i o n t h a n 
gases wi th an add i ton of 275 
p p m , ni t r ic ox ide . 

E C a r b o n m o n o x i d e ( C O ) is 
f o r m e d w h e n ca rbon d iox ide is 
split in the arc. Carbon m o n o x -
ide is a d a n g e r o u s gas wh ich 
is o d o u r l e s s a n d c o l o u r l e s s . 
T h e r e is usua l ly no p rob lems 
w i t h c a r b o n m o n o x i d e bu t 
m e a s u r e s shou ld be t aken to 
p r e v e n t h i g h c o n c e n t r a t i o n s 
w h e n w e l d i n g in c o n f i n e d 
spaces w i th s t ra ight ca rbon di-
ox ide . 

Trends in welding of 
stainless steels 
There has been a change in weld-
ing of s ta in less s tee ls du r ing the 
las t y e a r s . M o r e G M A W , bo th 
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wi th sol id and f lux cored wi res , is 
used and the M M A we ld ing is de-
c r e a s i n g . G M A W has f o u n d i ts 
reputa t ion in the s ta in less indus-
t ry s ince bo th f i l l e r m e t a l s and 
s h i e l d i n g g a s e s h a v e b e e n im-
p roved to sui t we ld ing of d i f fe ren t 
s ta in less s tee ls . 

T h e r e is a t e n d e n c y to an in-
c reased use of h e l i u m con ta in ing 
sh ie ld ing gases for G M A W due to 
the bet ter p roduc t i v i t y that can be 
ob ta ined w i th these gases. 

T h e m o s t f a s t - g r o w i n g g r o u p of 
s t a i n l e s s s t e e l s is t h e d u p l e x 
grades. T h e y h a v e a g rowth rate 
of 3 0 - 3 5 % in Eu rope and deve l -
opmen t of the we ldab i l i t y of these 
mate r ia l s is t he re fo re of g rea t in-
t e r e s t b o t h t o p r o d u c e r s o f 
c o n s u m a b l e s and users. It is in-
te res t ing to note that he l ium addi -
t ion to the sh ie ld ing gas is of im-
por tance w h e n it c o m e s to we ld-
ing of d u p l e x s ta in less s tee ls , A 
sh ie ld ing gas w i th a compos i t i on 
of A r + 3 0 % H e + 1% 0 2 has 
been found to be the best gas for 
G M A W of b o t h d u p l e x a n d 
supe rdup lex s ta in less steel . 

The use of n i t rogen in the sh ie ld-
ing gas in G T A W to i m p r o v e cor-
rosion proper t ies of we lds in du-
plex s ta in less s tee ls are probab ly 
go ing to inc rease in the c lose fu-
ture. 

CONCLUSION 
Pure argon or a rgon w i th add i t ion 
o f 0 . 0 3 % N O to r e d u c e o z o n e 
e m m i s s i o n is r e c o m m e n d e d f o r 
G T A W , in gene ra l and for G M A W 
on nickel based s ta in less steels. 

A rgon w i th 1 - 2 % o x y g e n g i v e s a 
s table arc in G M A W and is sui t-

able for most app l ica t ions wi th no 
risk for carbon p ick-up in the we ld 
meta l . 

A r g o n wi th 2 -4% carbon d iox ide 
g i v e s abou t t he s a m e resu l t in 
G M A W as argon wi th oxygen. 

Flu id i ty of the we ld pool and we ld 
geome t r y is usual ly a l i tt le bet ter 
w i th carbon d iox ide in argon, es-
p e c i a l l y in s h o r t a r c w e l d i n g . 
These gases shou ld not be used 
for G T A W . 

A rgon wi th more than 18% carbon 
d iox ide or pure carbon d iox ide is 
normal ly used in F C A W of sta in-
less steels. The use shou ld fo l low 
r e c o m m e n d a t i o n s f r o m f i l l e r 
meta l manufac tu re rs . 

W e l d i n g speed or penet ra t ion can 
s o m e t i m e s be i n c r e a s e d w h e n 
he i ium is added to the argon, ar-
gon + oxygen or argon + carbon 
d iox ide sh ie ld ing gas. Abou t 30% 
He l i um is needed to ach ieve th is 
e f fec t . He l ium is used in G M A W 
as wel l as G T A W . High content 
o f h e l i u m in c o m b i n a t i o n w i t h 
h i g h c u r r e n t o r p u l s e d G M A W 
may result in a less stable arc. 

Hyd rogen addi t ion in the sh ie ld ing 
gas (normal ly about 5%) can be 
pos i t ive for penetrat ion dep th and 
we ld ing speed in G T A W . Hydro-
gen (normal ly 5 -10%) in the back-
ing gas has a beni f ic ia l in f luence 
on low ox idat ion at the root s ide. 
Care shou ld be taken for mater i -
als sens i t ive to hydrogen c rack ing 
w h e n h y d r o g e n is used in t h e 
gases. 

N i t rogen is used in the sh ie ld ing 
gas for G T A W and the root gas in 
genera l to imp rove pi t t ing resis-
tance as wel l as mechan ica l prop-
ert ies. W h e n used in the sh ie ld ing 
gas it cen be d i f f icu l t to cont ro l 

t h e n i t r o g e n a b s o r b t i o n in t h e 
we ld meta l . 
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