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The Effect of Shielding Gas Additions 
on the Penetration Characteristics 

of Plasma-Arc Welds 
For plasma processes which utilize two gas flows, a 

reactive gas may be added to the supplementary shield 
to improve penetration while the inert plasma gas 

protects the electrode 

BY C. D. LUNDIN AND W. J. RUPRECHT 

ABSTRACT. Among the more success
ful attempts to increase the penetra
t ion capability of the CTA process 
have been investigative modifications 
of the shielding gas. Weld studies 
involving reactive shielding gases such 
as chlorine, Freon, and sulphur hexa-
fluoride have shown that whi le reac
tive gases enhanced penetration, they 
also tend to rapidly destroy the 
tungsten electrode. 

In plasma processes, which utilize 
two gas flows, if an inert gas is used as 
the plasma gas and if the reactive gas is 
added to the supplementary shield, 
then penetration wi l l be improved; at 
the same time the electrode wil l be 
protected by the inert plasma gas. 

In this investigation, the penetration 
characteristics of welds made on two 
base metals—Inconel 600 and 1020 
carbon steel—were evaluated as 
shielding gas additions of hydrogen, 
nitrogen, Freon-12, and Freon-14 were 
varied. The basis for evaluation was 
the resulting geometric configuration 
of the welds and the corresponding 
metallurgical characteristics. 

Introduction 

One of the more successful means 
of increasing power density, and thus 
the penetrating capability, of gas-
shielded arc welding processes is the 
modification of the shielding gas. The 
shielding gas composit ion has a 
marked influence on the power densi
ty, arc voltage, and thermal efficiency 
of the welding arc. 

The addition of hydrogen to argon 
to increase arc voltage and power 
density has been described by Helm-
brecht and Oyler (Ref. 1) and success
fully applied to plasma arc welding. 
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Nestor (Ref. 2) studied the anode heat 
and current distribution for certain gas 
mixtures (argon—8.6% hydrogen; ar
gon— 17.6% nitrogen; and helium—2% 
argon) and found that the diatomic gas 
additions produced a distinct contrac
t ion of the plasma boundaries near the' 
anode. Wilkenson and Milner (Ref. 3), 
in discussing heat transfer from arcs, 
pointed out a penetration increase 
resulting from the liberation of the 
heat of reassociation at the bottom of 
the weld crater. 

Ludwig (Ref. 4) has shown that the 
difference in the weld fusion zone 
geometry of vacuum and inert atmo
sphere melted Zircaloy-2 could be 
attributed to a variance in anode heat 
output produced by a difference in the 
chemistry of the work-piece. Ludwig 
proposed that this variation in anode 
heat output is a consequence of a 
higher negative ion concentration in 
the arc. The source of these ions was 
the higher content of residual chlorine 
in the inert atmosphere melted Zirca
loy-2. The ionization of the evolved 
chlorine produced a greater heat 
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Orifice Gas 
Table 1—Operating Parameters Held Constant for the Study of the Effects of Shielding 
Gas Composit ion 

Parameter 

Current 
Travel speed 
Stand-off distance 
Orif ice gas 
Electrode 
Copper orifice 
Hold-down plate separation 
Initial plate temperature 
Base metals 

Electrode setback 

Value 

80 amperes (A) 
11 ipm (4.7 mm/s) 
1/8 in. (3.16 mm) 
Argon 
3/32 in. (2.38 mm)2% thoriated tungsten 
0.118 in. (3.0 mm) diameter 
1/2 in. (12.7 mm) 
Room temperature 
0.109 in. (2.8 mm) thick Inconel 600 and 1020 carbon 

steel 
0.068 in. (1.7 mm) 

o u t p u t at t he a n o d e and resu l ted in a 
deeper and n a r r o w e r f us i on zone . 

M a t c h e t t and Frankhouser (Ref. 5) 
p r o p o s e d tha t ar t i f i c ia l a d d i t i o n s o f an 
e l ec t r onega t i ve gas (such as f l u o r i n e , 
c h l o r i n e , i o d i n e , or b r o m i n e ) t o the 
w e l d c h a m b e r a t m o s p h e r e d u r i n g 
w e l d i n g o f v a c u u m m e l t e d Z i r ca loy -2 
w o u l d e l i m i n a t e t h e inheren t d e f i 
c iency in w e l d p u d d l e geome t r y . The i r 
s tudy i n c l u d e d the results o f a d d i t i o n s 
o f c h l o r i n e (Cl , ) , Freon-11 (CCI.F) , 
Freon-12 (CCI2F,), Freon-114 (CC'lF,-
CCIF,) , and su l fu r hexa f l uo r i de . 

M a t c h e t t and Frankhouser c o n 
c l u d e d that most ha logen gas a d d i 
t i ons to t h e a rgon a t m o s p h e r e used in 
w e l d i n g Z i r ca loy -2 resu l ted in an 
increase in t he d e p t h - t o - w i d t h ra t io o f 
the w e l d p u d d l e . H o w e v e r , at h igh 
add i t i ve c o n c e n t r a t i o n s (greater t han 
2%) the l i fe o f the t ungs ten e l ec t r ode 
was adverse ly a f f ec ted , and the w e l d 
c h a m b e r b e c a m e c l o u d e d w i t h a 
s m o k e - l i k e reac t i on p r o d u c t . Thei r 
s tudies also s h o w e d that the Freon 
add i t i ons d i d no t a f fect co r ros ion 
resistance or mechan i ca l p rope r t i es o f 
the w e l d me ta l . F u r t h e r m o r e , the o n l y 
ef fect of t he a d d i t i v e o n c h e m i c a l 
analysis o f t h e w e l d meta l was to 
increase the c h l o r i n e c o n t e n t o f t he 
v a c u u m - m e l t e d Z i rca loy t o the e q u i v 
a lent level o f that o r d i n a r i l y f o u n d in 
inert a t m o s p h e r e m e l t e d Z i r ca loy . 

The p lasma w e l d i n g process u t i l i zes 
t w o d i s t i n c t gas f l o w s ; t h e o r i f i ce gas 
p ro tec ts t he e l ec t r ode f r o m c o n t a m i 
na t i on and p rov ides the des i red c o m 
p o s i t i o n in t he p lasma je t , and the 
sh ie ld ing gas p rov ides s u p p l e m e n t a r y 
sh ie l d i ng o f the w e l d p u d d l e . The 
poss ib i l i t y exists, t he re fo re , that ha lo 
gen gases a d d e d to t he s h i e l d i n g gas 
m igh t be asp i ra ted in to t he p lasma jet 
and be i o n i z e d o u t s i d e o f t he p l e n u m 
c h a m b e r as i l l us t ra ted in Fig. 1. By 
o p e r a t i n g in th is manne r , it s h o u l d be 
poss ib le t o u t i l i ze t he nega t i ve ion 
ef fect w h i l e m a i n t a i n i n g t he in teg r i t y 
o f t he p r o t e c t e d t u n g s t e n e lec t rode . 

E x p e r i m e n t a l P r o c e d u r e 

Al l w e l d s in th is i nves t i ga t i on w e r e 

m a d e w i t h a th ree phase, dc , 750 A, 
f u n c t i o n c o n t r o l l e d , magne t i c a m p l i 
f ier t ype p o w e r source o p e r a t e d in t h e 
cons tan t cu r ren t m o d e . A c o m m e r 
c ia l ly ava i lab le p lasma arc " a d d - o n " 
c o n t r o l un i t w i t h a 200 A t o r ch was 
used to adap t th is p o w e r supp l y t o 
p lasma o p e r a t i o n . 

Single heats of I ncone l 600 and 1020 
c a r b o n steel w e r e used t h r o u g h o u t 
th is i nves t i ga t i on t o avo id hea t - t o -hea t 
var ia t ions in behav io r d u e to c o m p o s i 
t i ona l d i f f e rences . Prior t o w e l d i n g the 
sheet mater ia l was g r o u n d c lean w i t h 
2 / 0 abrasive paper and degreased w i t h 
m e t h a n o l . The f i x t u r i n g cons is ted of a 
c o p p e r b a c k i n g p la te w i t h a l u m i n u m 
h o l d - d o w n p la tes, as s h o w n in Fig. 2. 
The t ra i l i ng sh ie ld s h o w n in Fig. 2 was 
used fo r al l w e l d s to p ro tec t t h e w e l d 
area f r o m o x i d a t i o n and c o n t a m i n a 
t i o n . 

The gases used fo r th is i nves t iga t i on 
w e r e w e l d i n g g rade , b o t t l e d a rgon , 
c o m m e r c i a l grade h y d r o g e n and n i t r o 
gen , and re f r i ge ra t ion grade Freon-12 
and Freon-14. 

The w e l d d e p t h and d e p t h - t o - w i d t h 
rat ios w e r e measured o n p o l i s h e d and 
e t c h e d cross-sect ions. A m i n i m u m o f 
th ree measu remen ts w e r e m a d e and 
the average values are r e p o r t e d . 

M e c h a n i c a l tests w e r e m a d e w i t h an 
Ins t ron tens i le tes t ing m a c h i n e . A l l 
w e l d meta l l o n g i t u d i n a l spec imens 
w e r e tes ted in a d d i t i o n to t ransverse 
spec imens ; i n c l u d e d w i t h i n t h e gage 
leng th w e r e the f u s i o n z o n e , t he hea t -
a f fec ted z o n e , and base me ta l . 

The cu r ren t and vo l t age levels w e r e 
m o n i t o r e d by b o t h p e n - t y p e recorders 
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Fig. 2—Torch, trailing shield and hold-down 
fixture 

Fig. 7—Schematic illustration of the method 
of introducing the shielding gas additive 

and by p h o t o g r a p h s of osc i l l og raph i c 
d isplays w h e r e app rop r i a t e . 

In o rde r to p rope r l y i den t i f y the 
ef fect o f va ry ing t he sh ie l d i ng gas 
c o m p o s i t i o n , it was necessary to m a i n 
ta in most of t he w e l d parameters 
cons tan t . For th is i nves t i ga t i on t he 
var iab les w e r e s h i e l d i n g gas c o m p o s i 
t i o n and o r i f i ce gas f l o w rate. T h e 
values o f the f ixed parameters are 
l is ted in Table 1. 

Results a n d D i s c u s s i o n 

For th is i n v e s t i g a t i o n , w e l d pene t ra 
t i on and d e p t h - t o - w i d t h rat io w e r e 
se lec ted to charac te r i ze t he e f fec t o f 
s h i e l d i n g gas a d d i t i o n s . Unless stated 
o t h e r w i s e , t he resul ts d iscussed are fo r 
t he I ncone l 600 a l loy base me ta l . 

Figure 3 i l lust rates the re la t i onsh ip 
b e t w e e n w e l d p e n e t r a t i o n , s h i e l d i n g 
gas c o m p o s i t i o n , and o r i f i ce gas f l o w 
rate at cons tan t cu r ren t . T w o curves 
s h o w t h e e f fec t o f 10% and 15% a d d i 
t i ons o f h y d r o g e n to t he a rgon s h i e l d 
ing gas. A cu rve fo r a 100% argon 
s h i e l d i n g gas is i n c l u d e d in Fig. 3 as a 
re fe rence. Figure 3 shows that an 
increase in p e n e t r a t i o n results f r o m an 
increase in t h e pe rcen tage o f h y d r o 
gen in t h e sh ie l d i ng gas. Figure 3 also 
shows tha t w e l d p e n e t r a t i o n fo r b o t h 
h y d r o g e n a d d i t i o n s reaches a m i n i 
m u m at an o r i f i ce gas f l o w rate o f 2.5 
c fh (70.8 l i t r es /h ) . 

Figure 4 s h o w s t h e e f fec t o f an a d d i 
t i o n o f n i t r o g e n to t he sh ie l d i ng gas. 
The re fe rence cu rve for 100% argon 
sh ie l d i ng gas i l lust rates t he increase in 
p e n e t r a t i o n that is ach ieved w i t h 
n i t r o g e n a d d i t i o n s to t he sh ie l d i ng gas. 
It s h o u l d be n o t e d tha t w e l d pene t ra 
t i o n for n i t r ogen a d d i t i o n t o t he 
sh ie l d i ng gas has a m a x i m u m at an 
o r i f i ce gas f l o w rate o f 3.5 c fh (99 
l i t r es /h ) . W o r k w i t h n i t r o g e n a d d i t i o n s 
was no t e x t e n d e d b e y o n d 15% N 2 

because a f u r t he r increase in t h e N 2 

pe rcen tage d i d no t s ign i f i can t l y i m 
p rove the p e n e t r a t i o n . 
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The relationship between depth-to-
width ratio and orifice gas flow rate for 
additions of hydrogen and nitrogen is 
shown in Figs. 5 and 6 respectively. 
The arc current is constant at 80 A. The 
depth-to-width ratio in Fig. 5 is lowest 
at an orifice gas flow rate of 2.5 cfh 
(70.8 l i tres/h), as is penetration in Fig. 
3. Similarly, the depth-to-width ratio in 
Fig. 6 is greatest at an orifice gas flow 
rate of 3.5 cfh (99 l i tres/h), as is pene
tration in Fig. 4. It should be noted, 
however, that the hydrogen addition is 
more effective at low and high orifice 
gas flow rates than at intermediate 
f low rates. The converse appears to be 
true for nitrogen additions. 

The increased penetration that re
sults from the diatomic gas additions 
cannot be related to increased arc 
voltages alone. The maximum arc 
voltage increase for any hydrogen or 
nitrogen additions was 2 volts or V 
(e.g., an arc voltage of 15 V for argon, 
vs. 17 V for argon and additions). The 
2 V increase would only produce an 
increase of 10% in the energy input: 

E.I. = 60 (Voltage X Amperes) 
/Travel Speed (in ipm) (1) 

whereas the increase in material 
melted wi th additives is approximately 
50%, and the penetration is increased 
by as much as 160%. 

The increase in penetration may be 
related in part to the phenomena 
noted by Okada and Maruo (Ref. 14) 
that, when the mixed gases were used 
wi th the GTA process, the heat loss 
decreased wi th increasing content of 
hydrogen or nitrogen—also, that the 
action of the dissociated gas as a 
carrier of electrical energy increases 
the thermal efficiency of the plasma 
jet. It may be these two effects, the 
increase in thermal efficiency and the 
addition of recombination energy to 
the anode surface, which primarily 
account for the increased penetration. 
The shapes of the curves are not 
amenable to explanations consistant 
w i th current theories. 

Ludwig (Ref. 4) reported a differ
ence in penetration in gas tungsten-
arc welds in zirconium due to trace 
impurities either in or on the surface of 
the material. He attributed the in
creased penetration to chlorine ema
nating from the weld pool, attaching 
electrons, and forming negative ions, 
thereby increasing the negative space 
charge and the potential drop, and 
thus increasing heat input at the 
anode. Ludwig suggests that electro
negative materials such as the halo
gens would be expected to increase 
the anode heat input. 

Following this suggestion this inves
tigation was based on the idea that an 
increase in penetration could be 
achieved by the artificial doping of 
halogens in the welding arc by the 

addition of either Freon-12 or Freon-14 
to the argon shielding gas. Freon gases 
were chosen for this study because 
they are non-toxic and non-reactive 
until they enter the arc. Chlorine and 
fluorine gases, on the other hand, are 
highly toxic and highly reactive even at 
room temperature. Therefore, the ap
plicability of the pure gases would be 
l imited. 

Figure 7 shows the relationship 
between weld penetration and orifice 
gas flow rate for various percent addi
tions of Freon-12 to the shielding gas. 
Figure 8 shows the same relationship 
for Freon-14 additions. A curve for the 
same 80 A arc operating in pure argon 
is also included in Figs. 7 and 8 as a 
reference to illustrate the increased 
penetration obtained wi th the Freon 
gas additions. 

Figures 7 and 8 show that the weld 
penetration was increased by the addi
t ion of Freon-12 or Freon-14. However, 
the electronegative ion theory pre
dicted greater penetration increases 
for the more electronegative material. 
Thus Freon-14 wi th a chemical compo
sition CF., should have been more 
effective than Freon-12 wi th composi

tion CCIjFj. Figures 7 and 8, however, 
show that instead it was the Freon-12 
additions which had the greater effect 
on the penetration. This may be 
explained by the fact that the electro
negative materials—chlorine and fluo
rine—were introduced into the arc as 
compounds. Thus, the effect of either 
CF4 or CCI2F2 may depend on the 
degree of compound dissociation in 
the arc. 

Because of the lack of thermochem-
ical data for CCI,F2, the relative 
tendency for dissociation was esti
mated by a comparison of the empir
ical bonding contributions of chlorine 
and fluorine to the free energy of 
compound formation. From this em
pirical method it was determined that 
the negative free energy of formation 
was greater for CF4 than CCI2F2. There
fore, a greater energy would be 
needed to dissociate CF4 than CCLF,. 

Based upon this low temperature 
empirical determination is the idea 
that the same trend may hold true for 
the dissociation of the compounds in a 
high temperature welding arc. Thus, 
the degree of dissociation in the arc 
wou ld be greater for CCI,F, (Freon-12) 
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Fig. 3—Effect ol orifice gas flow rate on weld penetration with hydrogen 
additions to the shield 
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Fig. 4—Effect of orifice gas flow rate on weld penetration with 
nitrogen additions to the shield 

than for CF4 (Freon-14). It would 
fol low then that the electronegative 
ion effect wou ld be greater for Freon-
12. This conclusion may be drawn 
from a comparison of Figs. 7 and 8. 

The curves presented for the Freon 
additions to the shielding gas show 
characteristic maxima at an orifice gas 
flow rate of 2.5 cfh (70.8 l itres/h). The 
corresponding depth- to-width ratios 
show the same behavior wi th a 
maximum value also occurring at an 
orifice gas f low rate of 2.5 cfh (70.8 
l itres/h). 

The peak in the curves is attributed 
to the manner in which the gas addi
tion enters the arc, and to the 
increased orifice gas f low rates. The 
plasma torch has two separate gas 
flows: the orifice gas, and the shielding 
gas. As has been stated, the additions 
which react in the arc are added to the 
shielding gas, and not the orifice gas 
which forms the arc. 

The additions are introduced into 
the arc by an aspiration effect 
produced by the interaction of the 
high velocity orifice gas and the slow 
moving shielding gas. In addit ion, the 
arc pressure increases wi th increasing 
orifice gas f low rate. From the peak in 
the curve it appears that at an orifice 
gas f low rate of 2.5 cfh (70.8 litres/h) 
and greater, the high velocity arc 
stream acts as a balance against the 
aspiration effect, thereby decreasing 
the amount of gas additive that enters 

1 2 3 4 5 
Argon Orifice Gas Flow Rate-CFH 

Fig. 5—Effect of orifice gas flow rate on depth/width ratio with 
hydrogen additions to the shield 

the arc. 
Another consideration is that an 

increase in the volume of gas in the arc 
occurs wi th increasing orifice gas flow 
rate and tends to lower the concentra
tion of the additive in the arc. These 
two effects, a decrease in the amount 
of additive entering the arc by aspira
t ion, and the di lut ion produced by 
higher relative flow rates, wou ld 
account for the sharp drop in penetra
tion for increasing orifice gas flow 
rates in excess of 2.5 cfh (70.8 
litres/h). 

The arc voltages which were record
ed for the welds made wi th Freon gas 
additives to the shielding gas varied by 
less than 3 V from those welds made 
wi thout additions. Freon-12 caused 
the greatest increase in arc voltage (18 
vs. 15 V). If this increase in arc voltage 
is assumed to be evenly distributed 
along the arc length, as in energy input 
equation (1) the increase in energy 
input produced by an increase in arc 
voltage of three volts is approximately 
20%. This would not account for the 
observed increase in penetration and 
in volume of metal melted per unit 
length of weld that occurred when 
either Freon-12 or Freon-14 was added 
to the shielding gas. 

The maximum increase in penetra
tion was 180% compared to the pure 
argon weld, and the cross sectional 
area of the weld metal was at least 
100% greater in all cases for the Freon 

additive welds. If, however, the 3 V 
increase occurs in the anode drop 
region only, as Ludwig has postulated, 
a significant increase in penetration 
and melting efficiency would occur. 

The system used to record the arc 
voltage did not have the capability of 
separately identifying the voltage con
tr ibution of the anode drop, cathode 
drop and plasma regions. Direct mea
surements of this sort are difficult to 
make wi thout serious perturbation of 
the welding arc and were not 
attempted in this investigation. Thus, 
the mechanism of the negative ion 
interaction in the welding arc could 
not be precisely determined in this 
investigation. 

In order to determine if the effects 
of additions to the shielding gas are 
dependent on the base metal, a check 
was made using a plain carbon steel 
base metal instead of Inconel 600. The 
1020 steel was ground to the same 
thickness as the Inconel 600 and 
prepared for welding in the same 
manner. Freon-12 and Freon-14 were 
used for this check since hydrogen and 
nitrogen would have had a deleterious 
effect on the fusion and heat-affected 
zones. The arc current and percent 
addition of Freon in the shield were 
the same as for the Inconel 600 test 
welds. 

A comparison of the results ob
tained for Inconel 600 and plain 
carbon steel can be made by reference 
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Fig. 9— Effect of orifice gas flow rate on penetration with Freon-12 
and Freon-14 additions to the shield. (Carbon steel base metal) 
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Fig. 10—Fusion zone microstructure ot an 80 
A partial penetration weld, with hydrogen 
shield addition: A (top)—transverse section; 
B (bottom)—section parallel to and in the 
plane of the top surface of the sheet. 
WAZAU's reagent. XlT/2 (reduced 47% on 
reproduction) 

to Figs. 7, 8, and 9. These show pene
tration as a funct ion of orifice gas flow 
rate for pure argon and argon plus 
Freon-12 and Freon-14 at an arc 
current of 80 A and a travel speed of 11 
ipm (4.7 mm/s). 

The differences in penetration for 
the pure argon welds are rather insig
nificant since the data are practically 
identical, especially at low flow rates. 
The penetration curves for the Freon 
additions are quite different, however, 
wi th the Freon-carbon steel welds 
exhibiting the greatest penetration at 
the lowest orifice gas f low rate and a 
decrease in penetration wi th increas
ing orifice gas flow rate. Also, the 
Freon-12 and Freon-14 curves for 
carbon steel are quite similar in pene
tration magnitude. There is no peak in 
the penetration curves at intermediate 
f low rates as with the Inconel 600 
alloy; however, the same total pene
tration can be achieved for both mate
rials but at different orifice gas flow 
rates. 

The melting points and specific 
heats of the carbon steel and Inconel 
600 are virtually identical, and the 

m 

Fig. 77 —Fusion zone microstructure of an 80 
A partial penetration weld with Freon-12 
shield addition: A (top)—transverse section; 
B (bottom)—section parallel to and in the 
plane of the top surface of the sheet. 
WAZAU's reagent. XlzVi (reduced 50% on 
reproduction) 

difference in arc voltage for the welds 
on the two materials was less than 1 V. 
Although no surface tension data exist 
for the specific alloys, the surface 
tensions reported for pure iron and 
pure nickel reveal a difference of only 
5%. This does not at first appear signif
icant. However, the influence of gas 
additives on the surface tension is 
unknown. 

The only significant physical prop
erty difference is the thermal conduc
tivity with the conductivity of steel 
being three times that of Inconel 600. 
This difference in conductivity does 
not manifest itself in the pure argon 
welds, so it would not be expected to 
be any more effective wi th the gas 
additions. 

The experimental evidence in this 
portion of the investigation strongly 
suggests that the shielding gas addi
tion may interact with the surface of 
the molten weld pool and affect the 
surface tension of the l iquid pool. The 
arc cratering effect is thereby altered, 
and consequently the penetration is 
influenced, thus causing the differ
ence in the shielding gas additive 

Table 2-Tensile Data 

Weld 
designation 

Hydrogen 
addit ion 
Freon-12 
addit ion 

Base material 

" for the Selected Welds 

0.2% offset 
yield strength, 

ps i " " 

46,200 L 
45,600 T 
49,300 L 
48,900 T 
37,400 

and the Incor 

Ult imate tensile 
strength, 

ps i " " 

84,500 L 
87,900 T 
88,700 L 
88,200 T 
93,000 

ie! 600 Base Material 

Percent 
e longa t i on " " " ' 

30.8 L 
23 T 
29.6 L 
23.4 T 
42.5 

(a) All data represent the average of three separate tests. 
(b) L—tensile axis parallel to weld direction, longitudinal direction; T-tensile axis normal to weld direction, transverse 
direction. 
(c) 2 in. gage length. 

effect noted. 
The fol lowing general results were 

noted for the addit ion of either 
hydrogen, nitrogen, Freon-12 or Freon-
14 to the argon shielding gas: 

1. There was an increase in penetra
tion with the addition of each gas. 

2. For each gas the increase in pene
tration was proportional to the in
crease in the percentage of gas 
added. 

3. The effect of Freon additions is 
partially dependent on the base mate
rial. 

4. Use of Freon-12 in the shielding 
gas resulted in some erosion of the 
outer surface of the copper orifice. 
Freon-14 had no detectable effect on 
the copper orifice; the tungsten elec
trode remained free of contamination 
and erosion. 

In addition to the above, it was 
noted that a fine powder formed on 
the test sheets when Freon additions 
were used in the shielding gas. X-ray 
analysis of the powder formed on the 
Inconel sheet using an Ortec 78000 
Series X-ray Energy Analysis system 
wi th an AMR 900 scanning electron 
microscopy indicated that the powder 
contained nickel, chromium, manga
nese, iron, copper, and barium. Using a 
Debye-Scherrer powder pattern and 
the three lines of highest intensity 
method, it was determined that the 
predominant component of the pow
der produced by Freon-12 additions 
was an iron-chlorine compound Fe3CI; 
the powder produced by Freon-14 
additions contained a chromium-f luo
rine compound, CrF3. 

The formation of Fe:iCI or CrF., when 
Freons were added to the shielding gas 
indicates there is an interaction be
tween the gas addit ion and the base 
material. Also, the fact that CrF;, was 
not formed for the Freon-12 additive 
indicates that chlorine is the more 
reactive component when both chlo
rine and fluorine are present. 

A metallographic study of the fusion 
zone and heat-affected zone of the 
Inconel 600 welds was performed to 
determine the relationship between 
shielding gas additions and micros
tructural features. A comparison of the 
sections obtained parallel to and in the 
plane of the sheet surface reveals two 
different grain growth patterns for 
welds made wi th the same welding 
parameters—Figs. 10 and 11. 

Figure 10 shows elongated grains 
which extend to the weld center line, 
whi le Fig. 11 shows that the elongated 
grains extend approximately one-third 
of the way into the fusion zone and 
then the grain growth direction 
changes, as evidenced by the e I li pt i -
cally-shaped grains. The weld in Fig. 10 
was made using a shielding gas 
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composit ion of 85% argon—15% hy
drogen; the gas composit ion for the 
weld shown in Fig. 11 was 89.4% 
argon-10.6% Freon-12. 

The explanation for the variation in 
grain orientation in the partial pene
tration melt-in welds made wi th the 
hydrogen and Freon-12 shielding gas 
additions is not readily apparent from 
the weld pool configurations exhib
ited. The penetration for the Freon-12 
weld was greater than that for the 
hydrogen weld and, all else being 
equal, should have had a greater 
tendency than the hydrogen weld 
toward producing growth parallel to 
the sheet surface. Thus, the Freon-12 
addit ion may have a control l ing 
influence. 

Mechanical tensile tests of these 
two partial penetration welds showed 
that the yield strength of the autogen-
eously welded fusion zones were 22 to 
32% higher than the as-received base 
metal, whi le the ultimate tensile 
strength was 5 to 9% lower. The data 
for these two welds are shown in Table 

2. It can be seen that the more random 
grain orientation of the weld made 
wi th Freon-12 shielding gas additions 
resulted in higher values of the 
mechanical properties. 

Conclusion 

The results of this investigation have 
shown that, because of the two sepa
rate gas flows of the plasma process 
(an orifice gas and a shielding gas), gas 
additives such as Freon-12 (which 
destroy the electrode in CTA welding 
when they enter the arc near the elec
trode) can be added to the shielding 
gas of the plasma torch and enter the 
arc away from the electrode. 

It is also demonstrated that the 
effect of shielding gas composit ion on 
plasma arc weld penetration is depen
dent on the shielding gas additive, the 
orifice gas f low rate, and the base 
metal. 

The effect of the various shielding 
gas additives appears to be related to a 
complex interaction influencing the 

anode drop, weld pool surface tension 
and the arc cratering effect. Informa
tion obtained in a recently completed 
study of weld pool geometry suggests 
that the anode drop alteration is the 
most influential. 
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AWS D10.10-75 
Local Heat Treatment of Welds in Piping 

and Tubing 

In the manufacture of welded articles or structures in the shop or in 
the field, it may be desirable, for a variety of reasons, to heat the weld 
regions before welding (preheating), between passes (interpass heating), 
or after welding (postheating). This document presents in detail the 
various means commercially available for heating pipe welds locally, 
either before or after welding, or between passes. The relative advantages 
and disadvantages of each method are also discussed. Although the 
document is oriented principally toward the heating of welds in piping 
and tubing, the discussion of the various heating methods is applicable 
to any type of welded fabrication. 

Topics covered include the following: 

• Measurement of Temperature 
• Induction Heating 
• Electric Resistance Heating 
• Flame Heating 
• Exothermic Heating 
• Gas-Flame Generated Infrared Heating 
• Radiant Heating by Quartz Lamps. 

The price of AWS D10.10-75, Local Heat Treatment of Welds in 
Piping and Tubing, is $3.50. Discounts: 25% to A and B members; 20% to 
bookstores, public libraries and schools; 15% to C and D members. Send 
your orders to the American Welding Society, 2501 N.W. 7th Street, 
Miami, FL 33125. Florida residents add 4% sales tax. 

W E L D I N G RESEARCH SUPPLEMENT j 7-s 


