
Weld Ductility Studies of a Tin-Modified 
Copper-Nickel Alloy 

Manganese and phosphorus additions eliminated cracking 
that resulted from gamma formation at grain boundaries 

BY M . TUMULURU A N D E. F. NIPPES 

ABSTRACT. The ductility of gas tungsten 
arc (GTA) and plasma transferred arc 
(PTA) welds made on Cu-9 Ni-6 Sn alloy 
was studied using a three-point, slow-
bend test. The variables studied included 
the addition of manganese, phosphorus 
and zinc to the alloy, and the effect of 
shielding gases. A few welds were pre
pared in an environmental chamber con
taining argon to eliminate the possibility of 
atmospheric contamination of the weld 
pool. Cleeble simulations in an argon 
atmosphere were conducted on some of 
the heats to study the mechanism of crack 
formation in the welds. In addition, scan
ning electron microscope (SEM) and opti
cal metallographic techniques were uti
lized to study selected welds and Gleeble 
specimens to characterize the crack mor
phology and porosity levels. Oxygen, ni
trogen and hydrogen contents of the alloy 
were determined for the as-cast condi
tion, the homogenized condition and for 
welded specimens. 

The results indicated that the cause of 
weld failures in the bend test was the ini
tiation of cracks from the tin-rich Gamma 
phase that formed along the grain bound-
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aries in the partially melted zone. The ad
dition of manganese and phosphorus to 
the alloy together with the use of argon-
5% hydrogen shielding gas mixture in 
plasma arc welding produced ductile 
welds with reduced levels of porosity. 

Introduction 

High spring strength, good formability 
coupled with high electrical conductivity 
and corrosion resistance make tin-modi
fied copper-nickel alloys attractive for use 
in electronic connector applications. Typ
ical applications of these alloys include 
items such as connectors, diaphragm 
members, spring components in electro
mechanical packages and ocean cable 
hardware (Refs. 1, 2). Alloys such as 
Cu-9Ni-6Sn and Cu-4Ni-8Sn (nominal com
positions) are typically made by thin-sec
tion, continuous-slab casting because the 
solidification rates in this process minimize 
segregation of tin (Ref. 3). Otherwise, 
segregation of tin during solidification can 
lead to hot shortness and difficulties in 
homogenizing the cast structure. 

The room-temperature microstructure 
of Cu-9Ni-6Sn as-cast alloy shows the 
presence of a tin-rich phase Gamma (7) 
in the interdendritic regions. As can be 

seen from the phase diagram of Cu-9 Ni 
and Sn (Fig. 1), the tin-rich Gamma is an in
termetallic compound of the type (Cu, 
Nib Sn. The fact that the Gamma phase 
forms in the interdendritic regions sug
gests that it is the last-to-solidify constitu
ent during the solidification of this alloy. 
Intermetallic compounds such as (Cu, Ni)3 

Sn are brittle and often suffer crack initia
tion under stress. Therefore, the presence 
of Gamma phase in or near the weld can 
cause welds in Cu-9 Ni-6 Sn alloy to crack 
due to the initiation of microcracks at 
Gamma phase regions. 

The continuously cast slabs in the Cu-
Ni-Sn alloys are rolled to thinner gauges, 
which are heat treated to improve their 
ductility and welded to produce long coils. 
These long coils are then further cold 
rolled to final gauges. Because the welds 
see considerable amounts of bending dur
ing the coiling and uncoiling operations, it 
is important that the welds possess ade
quate bend ductility and strength to with
stand a wide variety of stresses that they 
are subjected to during these operations. 
Many mechanical properties, such as fa
tigue strength and yield strength, of these 
copper-nickel-tin alloys have been studied 
by earlier researchers (Refs. 4, 5). How
ever, no literature is available on the 
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Table 1—Alloying Additions to the Melts 

Heat 
No. Mn 

1 none 
2 0.1 
3 0.1 
4 0.1 

P 

none 
0.01 
0.01 
0.01 

Zn 

none 
none 
0.20 
none 

Alloy Type 
(nominal 

composition) 

Cu-9 Ni-6 Sn 
Cu-9 Ni-6 Sn 
Cu-9 Ni-6 Sn 
Cu-9 Ni 

weldability of these alloys. 
Porosity in the weldments is a major 

problem faced during the autogenous 
welding of copper and its alloys (Refs. 6 -
9). It has been reported that the number 
and size of pores in the weld metal in 
copper alloys depend on the rate of cool
ing of the weld metal and the nature of the 
gas evolved during the solidification of the 
weld (Ref. 7). If hydrogen and oxygen are 
present in the base metal, porosity can still 
occur in the weld even if neither gas is 
supplied through external sources such as 
shielding gas or atmosphere surrounding 
the arc (Ref. 7). Porosity forms in the weld 
as a result of the evolution of either 
hydrogen or water vapor. 

Although oxygen alone is not consid
ered to cause any porosity in the weld 
metal, it may cause problems when cu
prous oxide reacts with atomic hydrogen 
in the molten metal to form water vapor 
and result in the formation of large pores 
(Refs. 10, 11). These large pores, in turn, 
result in loss in cross-sectional area and 
proportionally lower tensile strength of 
the weld. Embrittlement of the heat-af
fected zone can also result due to the for-
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Table 2—Welding Conditions Used in the 
Study 

Gas Tungsten Arc Welding 

Current (A) 
Travel speed 

(mm/min) 
Voltage (V) 
Shielding gas 
Gas flow rate 

(L/min) 
Electrode size 

and type 

Plasma Arc Welding 
Current (A) 
Travel Speed (mm/min) 
Voltage 
Shielding gas (L/min) 
Back-up gas (argon) 

flow rate (L/min) 
Plasma gas flow rate 

(L/min) 
Electrode size and type 

220-240 

100 
12.0 

Argon 

18.9 
3.2 mm diameter 

2% Thoriated 
tungsten 

135-150 
225 
25 

11.8 

4.7 

1.7 
4.8 mm 

diameter 2% Thoriated 

Electrode standoff 
distance (mm) 

tungsten 

3.17 

mation of cuprous oxide during solidifica
tion (Refs. 7, 12). Therefore, copper and 
its alloys should be effectively deoxidized 
and contain no hydrogen in order to elim
inate completely the possibility of poros
ity formation in the welds (Ref. 13). Fur
thermore, the elimination of hydrogen is 
especially important because even as little 
as 1 ppm H results in a gas evolution 
equivalent to 44% of the volume of the 
metal (Ref. 8). 

Nazerenko, etal, found that the rough
ness of the butt edges and the contami
nation of the faying surfaces played a sig
nificant role in the formation of porosity in 
welds (Ref. 14). They also found that more 
porosity formed in welds on butt joints 
than in beads-on-plate. Studying the po
rosity formation in aluminum weld metal, 
Uda and Ohno found that the size and the 
extent of pores increased with increasing 
hydrogen partial pressure and tempera
ture (Ref. 15). Uda and Ohno further ob
served that the gas bubbles were not 
formed in the solid-liquid interface but 
were already formed in the liquid metal 
under rapid cooling conditions. 

Although several researchers pointed 
to the occurrence of steam porosity in 
copper-alloy welds (Refs. 7-9, 16), Little
ton and Jordon were the first to confirm 
experimentally that porosity can result in 
gas tungsten arc (GTA) welding of copper 
by the occurrence of steam reaction in the 
weld pool (Ref. 17). They explained the 
occurrence of steam porosity in the weld 
metal using a weld-pool model proposed 
by Howden and Milner (Ref. 18). 

Many investigators found that nitrogen 
can also cause porosity in the gas shielded 
welding of copper (Refs. 19-24). This 
problem from nitrogen was found to be 
more acute in gas tungsten arc welding 
than in gas metal arc (GMA) welding (Ref. 
19). The porosity from nitrogen can be 
reduced by the use of increased welding 
speed and the use of denitriding elements 
such as titanium in the filler metal (Refs. 
19-23). Using helium as shielding gas and 
multipass gas tungsten arc welding tech
nique, Brandon was able to produce po
rosity-free welds in boron-deoxidized 
copper (Ref. 26). 

The object of this investigation was to 
study the ductility behavior of the auto
genous gas tungsten arc and plasma trans
ferred arc (PTA) welds made on copper-9 
nickeI-6 tin (nominal composition) alloy 
using slow bend tests. In addition, the ob
ject included studying, using Gleeble sim
ulations, the effect of various alloying ad
ditions, such as Zn, Mn and P, on the duc
tility of the welds in the copper-9 nickel-6 
tin alloy. 

Materials and Experimental 
Procedure 

The tin-modified copper-nickel alloy 
used in this study is designated by UNS No. 

C72700. Its chemical composition is cov
ered under ASTM standard B740-87 (Ref. 
27). All materials used in the study were 
continuously cast in 34-kg (75-lb.) slabs 
from high-purity, virgin charges. The al
loying additions made to the various heats 
cast are listed in Table 1. The cast slabs 
were 12.5 mm (0.5 in.) thick by 87.5 mm 
(3.5 in.) wide. The 75-mm (3-in.) long sec
tions cut from the as-cast slabs were cold 
rolled to 5 mm (0.2 in.), homogenized at 
900°C (1650°F) under nitrogen atmo
sphere and cooled in a stream of air from 
a fan. The strips were wire brushed prior 
to welding to remove the scale. The faces 
to be welded were sheared to have a 
good contact. 

Autogenous gas tungsten arc and 
plasma transferred arc (PTA) welds were 
made transverse to the rolling direction of 
the strips. Table 2 lists the welding condi
tions used in the study. The welding condi
tions were chosen to give full-penetration 
welds. A few GTA welds were also made 
on Heat No. 2 in an environmental cham
ber to diminish any atmospheric contam
ination of the weld pool. A schematic of 
the environmental chamber is shown in 
Fig. 2. After the pieces to be welded were 
placed in the chamber and the chamber 
sealed, it was purged with argon at 18.9 
L/min (40 cfh) for 15 minutes to drive air 
from the chamber. During welding, half of 
the argon flowed through the torch as 
shielding gas while the remainder flowed 
through the inlet into the chamber. The 
chamber was purged with argon for 10 
minutes after each weld was completed. 
Indeed, prior to welding, the argon-
purged chamber contained less than 60 
ppm oxygen. 

Plasma arc welding was done in air us
ing argon as the orifice gas and argon - 5% 
hydrogen as the shielding gas. A shielding 
gas of argon with a flow rate of 4.7 L/min 
was used on the bottom side of the weld. 
This gas flowed through holes drilled in the 
back-up chill bar to minimize oxidation of 
the root of the weld. Some plasma arc 
welds were also made using argon as the 
shielding gas. All plasma arc welds in the 
study were made in key-hole mode (Ref. 
28). 

Strips 125 X 40 mm (5 X 1.6 in.) were 
cut transverse to the welds for bend test
ing. Both root and face bend tests were 
performed on all welds. Three-point, slow-
bend testing was done on an Instron ma
chine. A crosshead travel speed of 12.5 
mm/min (0.5 in./min) was used for bend
ing the welds. A drop in the load during 
the bend tests usually denoted the initia
tion of cracks. The bend angle the welds 
experienced before crack initiation was 
recorded in each case. The welds were 
bent up to a maximum of 130 deg. 

Specimens measuring 150 X 25 X 2.5 
mm (6 X 1 X 0.1 in.) were prepared by 
cold rolling the homogenized 5-mm (0.2-
in.) thick strips for simulating the weld 
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Fig. 2 — Environmental chamber for GTA welding. 

60 120 13C 

Fig. 3 — Location of cracks in a broken weld from Heat 1 (shown by small 
arrows). The large arrow shows the weld. 

heat-affected zones in a Gleeble. 
The Gleeble simulations were per

formed on Heats 1, 2 and 3 only. The 
specimens were heated in a Gleeble in an 
argon atmosphere from room tempera
ture to 850°C (1562° F) at 50°C/s (90° F/ 
s) and from 850°C to the peak tempera
ture at 2.5°C/s (4.5° F/s). They were then 
held at the peak temperature for 10 sec
onds and were allowed to cool in argon. 
The peak temperatures selected for the 
study were 950° to 1050°C (1742° to 
1922° F) at 25°C (45° F) increments. Two 
specimens were tested from each tem
perature group; one of these was sub
jected to bend testing. 

Oxygen, nitrogen and hydrogen con
tents were measured in samples from 
Heat 1 in the as-cast condition in the 
as-homogenized condition and in the weld 
metal. The oxygen and nitrogen contents 
were measured using a LECO TC-136 gas 
analyzer. This instrument is capable of de
tecting both oxygen and nitrogen up to 
0.1 ppm when using a gram weight sam
ple. It can also accurately determine both 

the gases up to 1% of the gases present. 
Five specimens were tested in each case 
and averages calculated. 

The hydrogen analyses were per
formed on a LECO HW-200 hydrogen 
determinator on duplicate samples. A 25-
min, 600°C (1112° F) thermal cycle was 
utilized to liberate diffusible hydrogen 
from the samples. To assure that molecu
lar hydrogen contained in pores would be 
liberated, analyses were carried out in the 
liquid state at 600°C in dehydrogenized 
crucibles containing dehydrogenized tin. 
Copper-tin alloys containing more than 
67% tin are completely liquid at 600°C. 
The error in analysis for a 10-g sample at 
a hydrogen level of 0.5 ppm is estimated 
as ±0.05 ppm. 

Selected welds and the remainder of 
the Gleeble specimens were sectioned, 
mounted, polished and studied under an 
optical microscope. Selected welds from 
the bend tests were also studied under a 
scanning electron microscope with an en
ergy dispersive x-ray (EDX) fluorescence 
spectrometer. 

Results 

Bend Test Results 

All welds from Heat No. 1 broke in the 
bend tests. Cracks initiated in the bend 
specimens even before the deformation 
in bending reached 30 deg. The weld fail
ure in most cases occurred adjacent to the 
weld in the heat-affected zone —Fig. 3. 
However, cracks were also noticed in a 
few of the weld fusion zones. Some of the 
welds totally fell apart before the bend 
angle reached 60 deg. 

The gas tungsten arc (GTA) welds made 
on Heat Nos. 2 and 3 showed improve
ment over those from Heat No. 1 in that 
they withstood more bending before 
cracks initiated in them. Although the GTA 
welds from Heat Nos. 2 and 3 did not to
tally fall apart in the bend tests, they 
showed deep weld cracks that would 
make them unsatisfactory for service per
formance. The porosity levels in GTA 
welds from Heats 2 and 3 were noticeably 
lower compared to those from Heat No. 
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Fig. 4 —Porosity levels in GTA welds (as-polished). A—Heat 1; B — Heat 3. 
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Fig. 5 — Porosity levels in GTA welds from Heat 2 (as-polished). A — Weld made in the environmental chamber; B — weld made outside the chamber. 

1 - Fig. 4. 
Many of the gas tungsten arc welds on 

Heat No. 2 made in the environmental 
chamber completed the bend test with
out significant cracking. The welds, how
ever, showed some cracking and when 
these cracks were forced open, they ex
hibited the presence of porosity. How
ever, the extent of porosity in these welds 
was much smaller than in the GTA welds 
made outside the chamber —Fig. 5. 

The plasma arc welds made on Heats 2 
and 3 completed the bend test without 
any cracking. These results showed that 
the plasma arc welds were better than the 
gas tungsten arc welds. However, the 
plasma arc welds made using argon as the 
shielding gas exhibited gross porosity and 
failed in the bend test even before they 
experienced a 30-deg bend. Figure 6 
shows the difference in the porosity lev
els between Heat 2 welds made using ar
gon and those made with argon-5% hy
drogen as the shielding gas. 

The gas tungsten arc welds made on 
Heat No. 4 showed a considerable amount 
of porosity — Fig. 7. Yet all welds from this 

heat completed the bend test without any 
visible cracking at all. Because no gas 
tungsten arc weld failures were encoun
tered, no plasma arc welding was at
tempted on this heat. 

Although all the Gleeble specimens sur
vived the bend tests without falling apart, 
several patterns were evident among the 
heats studied. For example, Heat 1 showed 
cracking in the specimen subjected to a 
peak temperature of 975°C (1787° F), 
while Heats 2 and 3 did not. Even at a peak 
temperature of 1025°C (1877° F), where 
according to Fig. 1 liquid metal should 
have formed in the alloy, cracks were 
more numerous, deeper and formed ear
lier during bending in Heat 1 compared to 
Heat 2. Thus, it is apparent that Heat No. 
1 showed more sensitivity to cracking 
than Heat No. 2. 

Gas Analysis 

The results of the gas analyses are 
shown in Table 3. It can be seen that the 
level of oxygen remained virtually the 
same among the various conditions of the 

samples tested. The nitrogen level in all 
the samples analyzed was less than 1 ppm 
and hence considered insignificant. How
ever, the weld metal showed a small pick 
up of hydrogen compared to the as-
homogenized base metal. 

The Scanning Electron Microscope Study 

The scanning electron microscope ex
amination of the broken welds from Heat 
1 showed the presence of several small 

Table 3—Gas 

Condition 
of the 

Samples 

As-cast 
Homogenized 
GTA weld 

Analysis Results on Heat 1 

Oxy-
gen(a) 

6 
7 
7 

Gas 
Content 
(ppm) 
Nitro-
gen<a) 

< 1 
< 1 
< 1 

Hydro-
gen<b> 

0.14 
0.18 
0.54 

(a) Average of 5 readings. 
(b)Represents sum of the hydrogen liberated through a 25-min 
600°C treatment and additional tin-fusion method. 
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Fig. 6 - Effect of shielding gases on the porosity levels seen in the plasma 
arc welds. A —Argon + 5% hydrogen; B —argon. 

Fig. 7 —Porosity in the GTA welds made on Heat 4 (as-polished). 
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Fig. 8-SEM view of the partially melted zone of a weld from Heat 1. Ar
rows show the cracks found along the grain boundaries. Etched in ferric 
chloride solution. 

Fig. 9 —SEM view of a crack tip (shown by arrow) following Gamma 
phase (shown by arrowheads). 

hairline cracks along the grain boundaries 
in the partially melted zone —Fig. 8. The 
cracks were following a grayish-looking 
phase that formed along the grain bound
aries—Fig. 9. This grayish-looking phase 
was identified with energy-dispersive x-
ray (EDX) analysis to be Gamma (7) with a 
tin-rich composition. The measured tin 
content of Gamma phase was often as 
high as 35 wt-%. The extent of Gamma 
phase along the grain boundaries was 
much more prevalent in welds from Heat 
No. 1. than in the other two heats. A large 
amount of Gamma phase was found 
within the grains in Heats 2 and 3. 

The SEM examination further revealed 
that the fine cracks seen in the partially 
melted zone exhibited interdendritic mor
phology—Fig. 10. This suggests that the 
cracks were following the interdendritic 
areas in the liquated regions of the partially 
melted zone. At several locations, large 
networks of Gamma were found cover
ing many of the pores —Fig. 11. A similar 
interdendritic morphology was observed 
in the cracks from the Gleeble specimens. 

Some of the pores in the welds from 
Heat Nos. 2 and 3 showed the presence 
of a deposit at the bottom of the pits — Fig. 
12. The EDX analysis indicated that these 
deposits were rich in manganese and 
phosphorus. 

Optical Metallography 

Optical metallographic observations 
confirmed that the cracks in specimens 
from Heat No. 1 were initiating and prop
agating along the Gamma phase that 
formed in the interdendritic regions —Fig. 
13. The many large pores seen in many of 
the samples were surrounded by a net
work of Gamma phase — Fig. 14. Although 
porosity was observed in the welds from 
Heat No. 4, no cracking was evident either 
in the as-welded specimens or the bend-
tested specimens. 

The study of the Gleeble specimens re
vealed that the size and the extent of po
rosity were worse in Heat No. 1 than in 
Heat Nos. 2 and 3. The extent of Gamma 
formation was clearly noticeable in spec
imens from Heat No. 1 even at a test tem
perature of 950°C, whereas the other 
two heats showed the presence of 
Gamma only after a peak temperature of 
975°C was reached. Again, Heat No. 1 
showed the presence of Gamma along 
the grain boundaries, sometimes in net
works, leading to crack formation. Figure 
15 shows the presence of cracking along 
the grain boundaries in a specimen from 
Heat No. 2 that was subjected to a peak 
temperature of 1000°C (1832°F). The 
presence of grayish-looking Gamma phase 
can also be noted along the grain bound
aries. However, both Heat Nos. 2 and 3 
showed a considerable amount of Gamma 
phase within the grains. In general, all 
three heats showed the presence of more 
Gamma in the specimens as the peak 
temperature to which they were sub
jected to was raised; this suggests that 

grain-boundary melting increased in the 
specimens as the peak temperature was 
increased. In addition, all the specimens 
exhibited spherical porosity indicative of 
gas evolution. 

Discussion 

The results clearly showed that the 
cause of weld failures in the bend tests for 
specimens from Heat No. 1 was the 
formation of brittle intermetallic phase 
Gamma along the grain boundaries in the 
partially melted zone. The formation of 
large pores in the weld also caused some 
weld cracking but the actual failures oc
curred in the partially melted zone. Evi
dence was found to indicate that crack 
initiation and propagation, at least in the 
initial stages, occurred preferentially along 
the Gamma phase regions. The interden
dritic morphology seen in the cracks in the 
partially melted zone of both the weld and 
the Gleeble specimens shows that the 
Gamma regions were molten during weld
ing and resolidified during the cool-down 
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Fig. 10-SEM view 
of a crack surface 
showing 
interdendritic 
morphology. 
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Fig. 11—A —SEM view showing a pore covered with a network of Gamma phase; B-higher magnification view of Gamma regions. 

cycle. When formed in clusters, cracks 
can easily initiate in the brittle Gamma 
phase; these cracks can propagate later 
during bending of the weld and Gleeble 
specimens. 

Manganese and phosphorus are added 
to copper alloys for deoxidation pur
poses. During welding, the weld metal in 
Heats 2 and 3 also exhibited better fluidity 
compared to the welds from Heat 1. It is 
believed that the addition of manganese 
and phosphorus may have been respon
sible for this change. The fact that more 
Gamma was found within the grains in 
Heats 2 and 3 suggests that manganese-
and phosphorus-rich precipitates may 
have nucleated the formation of Gamma 
within the grains. Gamma formation was 
noticed in Gleeble specimens from Heats 
2 and 3 only after a peak temperature of 
975°C was reached. This indicates that 
the addition of manganese and phospho
rus to the melts raised the solidus temper
ature of the alloy. 

The fact that many of the large pores in 
the weld were surrounded by large net
works of Gamma (Fig. 14) may mean that 

Fig. 12 —SEM view 
of a large pore in a 
weld from Heat 2 
showing deposit at 
the bottom. 

the gases responsible for porosity may 
have evolved from the Gamma phase. 
This is entirely possible because as solidi
fication proceeds, the last liquid to solidify 
is enriched in gases such as hydrogen and 
oxygen (Ref. 8). These two gases can re
sult in the formation of hydrogen and 
steam, which together cause large pores 
to occur in the weld. Because the amount 
of nitrogen in the weld metal, as well as in 
the base metal prior to welding, is less than 
1 ppm, it is unlikely that nitrogen caused 
the many large pores seen in the weld. 
The observation that manganese and 
phosphorus compounds were seen at the 
bottom of many of the pores may also 
support the hypothesis that the deoxida
tion products of these two elements nu
cleated the formation of Gamma phase 
within the grains in Heats 2 and 3. The 
Gamma phase is the last liquid to solidify 
in the alloy and hence, becomes enriched 
in hydrogen and oxygen. 

Porosity alone did not cause weld fail
ures in the bend tests because welds from 
Heat No. 4 that showed considerable 
amounts of porosity survived the bend 

test without any cracking. Heat No. 4 did 
not contain tin, and therefore the tin-rich 
Gamma phase was absent in this heat. This 
explains why, in spite of the presence of 
porosity, the welds from this heat sur
vived the bend test. However, when large 
pores were present, deep cracks were 
noted in the welds from Heat No. 2 after 
the bend tests. Therefore, control of po
rosity is an important step in getting duc
tile welds. At the same time, reducing the 
porosity in the welds alone did not pro
duce ductile welds as evidenced by the 
failure of the plasma arc welds made on 
Heat 1 using argon - 5% hydrogen as the 
shielding gas. These plasma arc welds, that 
showed very little porosity, failed in the 
bend tests as result of crack initiation at 
Gamma phase regions. Therefore, it is 
clear that apart from controlling the po
rosity in the welds, the formation of 
Gamma phase along the grain boundaries 
should also be avoided to improve the 
ductility of the welds. 

The presence of visible porosity in the 
welds made in the environmental cham
ber and the Cleeble specimens shows that 
the source of porosity is dissolved gases in 
the base material. Although the extent of 
porosity is reduced with the use of the 
environmental chamber, in view of the 
cracking noticed in these welds, the use of 
such a chamber is not a total solution to 
the problem. Besides, the use of an envi
ronmental chamber is not a feasible solu
tion to weld coils in a production environ
ment. 

Kobayashi, et al. (Ref. 21), investigated 
the use of argon-hydrogen gas mixtures 
for shielding gas in the gas metal arc 
welding of copper. He found porosity in 
the welds, which he attributed to the hy
drogen in the shielding gas. The present 
results are in contrast to those of Koba
yashi, et al. Diatomic gases dissociate in 
the arc, and recombine at the surface of 
the workpiece releasing heat (Refs. 7, 29). 
Therefore, when diatomic gases are 
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Fig. 73 — A — Cracks (shown by arrowheads) in the partially melted zone of a weld from Heat 1 initiating and propagating along the Gamma phase (shown 
by arrows) (as-polished); B - crack (shown by large arrow) propagating along Gamma phase (shown by small arrow). Notice the presence of Gamma 
in interdendritic regions. Etched in ferric chloride solution. 

Fig. 14 — Large pores in a weld from Heat 1 surrounded by a network of 
Gamma phase (shown by arrowheads) (as-polished). 
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Fig. 15 — Cross-section of a Gleeble specimen from Heat 2 showing the 
cracks along the Gamma (grayish-looking) phase (as-polished). 

present, there is an increase in the anode 
temperature. Argon-hydrogen mixtures 
enhance weld-pool wettability, and thus 
promote uniform weld bead geometry 
(Ref. 30). Argon-hydrogen mixtures are 
recommended for applications where po
rosity is a problem (Ref. 30). The higher arc 
temperature from the presence of hydro
gen also permits the use of faster welding 
speeds, which in turn, helped reduce the 
extent of porosity in the welds. The faster 
welding speed used in plasma arc welding 
made the porosity finer and more dis
persed than in the gas tungsten arc welds. 
In GTA welding, the slower welding speed 
allowed more time for the gas bubbles to 
grow, which resulted in large pores in the 
weld. The keyhole mode arc in the plasma 
arc welding caused less melting of the 
base metals and gave a steeper tempera
ture gradient, all of which resulted in a 
smaller partially melted zone than in the 
GTA welds. 

Conclusions 

Based on the weld ductility study on 
Cu-9 Ni-6 Sn alloy, the following conclu
sions may be drawn: 

1) The cause of weld failures in the 
bend tests was the formation of the 
tin-rich Gamma phase along the grain 
boundaries in the partially melted zone. 
Evidence was found to indicate that cracks 
initiated and propagated along these 
Gamma regions. 

2) Porosity alone was not sufficient to 
cause weld failures in the bend tests. 
However, the presence of gross porosity 
in the weld caused deep cracks to occur 
that would make the welds unacceptable 
for service performance. 

3) The addition of manganese and 
phosphorus eliminated the weld cracking 
that resulted from the Gamma formation 
at grain boundaries. The heats that con
tained manganese and phosphorus 

showed more Gamma within the grains. 
The addition of zinc did not have any no
ticeable effect on the weld ductility of the 
alloy. 

4) The use of argon - 5% hydrogen as 
the shielding gas in plasma arc welding re
duced weld porosity noticeably compared 
to the use of straight argon as the shield
ing gas. The use of plasma arc in keyhole 
mode resulted in less melting of the base 
material and gave a narrower heat-af
fected zone. As a result, this made the 
partially melted zone narrow. 

5) The use of argon - 5% hydrogen as 
shielding gas for the plasma arc welding 
technique and the addition of manganese 
and phosphorus to the alloy produced 
ductile welds in Cu-9 Ni-6 Sn alloy. 
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