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Hydrogen Content in Arc Atmosphere of Water Curtain Type

Underwater Argon Arc Welding

Yoshiaki ARATA ¥, Masanobu HAMASAKI** and Jitsuo SAKAKIBARA **

Abstract

The hydrogen content in arc atmosphere in underwater welding was investigated by a direct measurement of the gas
just under the arc or by indirect methods such as transfer phenomenon of droplets, generation of blowholes, diffusible
hydrogen content and so on. The hydrogen content in arc atmosphere of water curtain type underwater MIG arc welding

was estimated about 0.1%.
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1. Introduction

There are some reports on a diffusible hydrogen con-
tent in a “wet” underwater welding: manual metal arcs
with covered stick electrodes indicate 25-60cc/100g),
which are different from the types of coated materials and
a usual CO, arc welding with a conventional nozzle in-
dicates 20cc/100g2).

In a water curtain type underwater MIG/CO, arc weld-
ing, it is thought that the surface of the plate near the arc
is shielded perfectly and further the remained water is
evaporated by the preheat effect of arc. These mean the
partial pressure of hydrogen in arc atmosphere is low, but
it is important to declare the partial pressure of hydrogen
and the diffusible hydrogen content which affects on the
strength of welds.

This report shows the hydrogen content in arc atmos-
phere by the direct measurement of gas just under the arc
or by the indirect measurements such as transfer pheno-
menon of droplets, generation of blowholes, diffusible
hydrogen content and so on.

2. Experimental procedure
2.1 Observation of preheat effect

It is difficult to observe directly the evaporation of
water due to the small bubbles formed with the curtain
water in an actual underwater welding. The observation
was performed in surface, that is, the TIG arc was
generated on the plate which had a 2 mm water film as
shown in Fig.2 and heat input was changed. The shield-

(Water curtain type underwater welding) (Hydrogen in arc at mosphere) (Underwater welding Blowhole)

ing gas was pure argon and its flow rate was 20 //min. A
nozzle was 15 mm outer diam. and 10 mm inner diam.
and nozzle-base metal distance was 5 mm.

2.2 Hydrogen content in arc atmosphere

The gas just under the underwater TIG arc was collect-
ed and its hydrogen content was measured. Fig. 1 shows
a schematic drawing of gas collecting apparatus used in
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Fig. 1

Schematic drawing of gas sampling apparatus

this experiment, which consists of copper block(A) which
has a gas collecting hole of 1.2-3.0 mm ¢. A tungsten ele-
ctrode was set just above this hole. This copper block (A)
was moved in a groove of 350 mm long copper block(B)
together with the torch. The gas in the arc atmosphere
was sucked by a vacuum pump at a rate of 3 //min through
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this hole and collected in a glass collecter in this pass. The
hydrogen in this gas was analyzed with a gaschromato-
graph.

2.3 Critical hydrogen content on blowhole generation

The relation between blowhole generation and hydro-
gen content in argon as a shielding gas was investigated in
surface with the MIG arc welding under spray arc con-
dition. The dual shielding nozzle which had 65 mm¢O.D.
was adopted and attention was paid to a laminar flow of
gas with gas lens to prevent the air contamination. An arc
voltage was selected to maintain the constant arc length.
The results were arranged based on JIS Z 3104.

2.4 Numbers of transfered droplets

The MIG arc welding was performed using a motor
generator as a welder. The numbers of transfered droplets
in underwater welding were compared with those in sur-
face welding in which the hydrogen was added to argon.
The numbers of droplets were searched from the peaks of
arc voltage.
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2.5 Diffusible hydrogen

The diffusible hydrogen in underwater welding was
compared with that in surface welding in which the
hydrogen was added to argon. It was measured by the
glycerine method (JIS Z 3113). The chemical composi-
tions of the plate were shown in Table 1.

Table 1 Chemical compositions of base metal

C Si Mn P S
0.11{ 0.19(0.52 {0.015] 0.016

3. Results and discussion
3.1 Preheat effect of arc

In the water curtain type MIG/CO, arc welding, in
spite of a “wet” welding method, both arc phenomena
and bead shapes were similar to those in surface weld-
ing®> ~%). But sometimes the blowholes were generated

in but welding especially in low heat input because it was

Fig. 2 Sham underwater TIG welding for observation of preheat effect of arc
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difficult to remove the water in a root gap and joint phase
between works and backing plate. In the same shielding
condition, on the other hand, the blowholes were not
generated in high heat input6). This may be based on the
following consideration: even if the dry region was not
obtained and the very thin water film was remained only
by the shielding gas, the dry region could be obtained by
the preheat effect of arc near the arc spot where the water
in front of the arc was evaporated. This dry region may be
larger in high heat input.

Fig.2 (a) shows the condition that the torch is at a
standstill and the shielding gas of 20 //min is flowed out.
The water is removed by the shielding gas and a circular
region of 13 mm diam. becomes dry condition after the
lapse of sufficient time. But when the torch is moved, the
thin water film less than 0.5 mm is remained in this region
because the fresh water is supplied from the moving di-
rection. Even in this shielding condition, when the arc is
generated, the water around the arc is evaporated and
dried. Fig.2 (b) and (c) show the observation results in
case the welding current of 120A under welding speed of
25 and 100 cm/min respectively. The region from which
the water film of 2 mm is removed becomes small with in-
creasing of welding speed, moreover the very thin water
film can be observed in (c). The water film keeps at a dis-
tance of 9 mm and 5 mm in front of the arc spot for (b)
and (c) respectively, which means that the lower the heat
input is, the nearer the water remains and becomes the
source of the water vapour.

The evaporation of the water must be contributed to
not only the rise of temperature by the heat conduction
but also the increase of apparent gas flow rate and heat
radiation from the arc column.

The generation of the vapour was notable on the sur-
face of the formed bead which was cooled with the water,
but the area was apart from the arc and almost all of the
generated vapour was removed with the shielding gas flow
to exterior of the arc atmosphere, therefore the arc
phenomenon did not affected with this vapour.

3.2 Hydrogen content in arc atmosphere

In order to make sure of the decomposition of the
water vapour to H, and O,, the hydrogen content was
measured when the arc was generated in the mixed shield-
ing gas of argon and water vapour as shown in Fig.3. A
dew point of this gas was —5°C, which corresponded to
hydrogen content of 0.4%. As the temperature of the arc
increases with the current, the decomposition reaction,
2H,0 -2H,+0,, proceeds with increasing of the current.
The decomposition rate was 50% in 60A and 65% in 180A.

Fig.4 and Fig. 5 show the hydrogen content of gas
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collected with the gas sampling apparatus shown in Fig. 1.
Fig. 4 shows the effects of diameter of gas sampling hole
and curren and Fig.5 shows the effect of position of
sampling hole and current. The copper block moves to-
gether with the torch in order to maintain the position of
the electrode and sampling hole. The water from the pro-
ceeding direction of welding is therefore rather littie but
it comes from the side through the gap between the two
copper blocks, which is different from the actual welding
condition. The effect of welding speed was comparatively
small due to the above mentioned reason. As the position
of the water source did not change, the increase of the
current resulted in increase of the evaporation of the
water. The effect of the current was therefore larger than
that of constant vapour content shown in Fig. 3. The
most effective factor was the position of sampling hole
and the size of it, that is to say, the distance between arc
and water source. The shorter the distance is, the more
the hydrogen generates.

The hydrogen content is only about 1% even in case of
120A and L =2 mm in Fig.5. The distance between the
arc spot and the end of the water film is 5 mm even in the
high welding speed of 100 cm/min as shown in Fig. 2.
The hydrogen content in an actual welding is therefore
supposed to be a condition of 120A, L=0mm and
d =1.2 mm in Fig. 5, that indicates 0.08% H, .

3.3 (Critical hydrogen content for generation of blow-
holes

The generation of blowholes in underwater welding
must be caused mainly by the hydrogen gas7) . Fig.6
shows the results of X-ray inspections which show the re-
lation between the amount of H, in shielding argon gas
and blowholes, that is represented in Fig. 7 based on the
JIS Z 3104.

The blowholes generated a little till 15% H, except for
the starting point and the crater. (If the conventional
small nozzle was used, the blowholes generated from 5%H, ,

Fig. 6 X-ray inspection results
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Fig. 7 Effect of hydrogen content in argon on blowholes

which was caused by the air contamination.) On the
other hand wormholes coexisted at 20%H, and the large
amount of wormholes existed at 25%H,. The abrupt in-
crease of the blowholes from 20% to 25%H, may be relat-
ed to saturated solubility.

The solubility of the hydrogen to an iron in the equi-
librium is shown as follows.?)

S = oo AH
Py, (1 =Py ) exp(— 715:1:) 0y

where S : equilibrium solubility of hydrogen
PH2 : hydrogen partial pressure in atmosphere
P, :metal vapour pressure in atmosphere
A H :heat of dissolution
R : gas constant
T : absolute temperature

The solubility S¢at a fusion temperature of the iron T¢
is expressed as follows as the metal vapour pressure at Tg
is considered to be zero.

AH 1
2

S¢= [Pay ¢ exp (— 7)) )

At the temperature T, ,, corresponds to the maxi-
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mum solubility of hydrogen, where the metal vapour pres-
sure must be taken into consideration, then write S,
for the solubility at T, , , the next equation is given.

1
)2 3

AH
P_)exp(—
m RTmax

Smax = [PHzmax(1 -
In order not to generate the blowholes with a super-
saturated hydrogen, the solubility of hydrogen at T,
must be less than that at the maximum solubility at Tj.
So that the critical partial pressure of hydrogen Py, ., is
given when S¢ at Py, ¢ =latm and S, are equall. There-
fore putting Py, ¢=latm, Py, a0y = PHzcr and S¢ =
in eq. (2) and (3).

max

1 1
(T —'ff_)]

max

O

[A H
exp
m) R

PH2CI= (1 —P

The metal vapour pressure at a high temperature and
the temperature for maximum solubility of hydrogen
under consideration of the metal vapour pressure are given
by D.G.Howden et al, that is, T, =2400°C and P,
0.01atm®). If AH = 15.6kcal/mot®), R = 1,986cal/mol°K
and T;=1,537°C, then the critical hydrogen pressure is
0.24atm. This calculated value is agreed fairly with the
result shown in Fig. 7 under consideration of false equi-
librium caused by a rapid cooling rate in welding.

It was true that a cooling rate in the water curtain type
underwater welding was larger than that in surface weld-
ing, but it was not affected largely until a solidification
temperature because the rapid cooling began from 800-
1000°C at which the curtain water struck the bead'®). If
the heat input is the same both in underwater and surface
welding, the critical hydrogen content for generating the
blowholes must not be much difference. In the water
curtain type underwater welding, therefore, the blowholes
based on the supersaturated hydrogen can not be generated.

3.4 Numbers of transfered droplets

Fig. 8 shows the relation between welding current and
numbers of transfered droplets in underwater and surface
welding. In a current range of globular transfer, the
numbers of droplets in underwater is less than those in
surface. But in a spray transfer condition, the difference
is not recongnized in both cases. The critical current for
the spray transfer in underwater becomes a little higher
than that of surface (If the critical current is defined as a
diameter of the droplet is equal to that of wire (1.6 mm¢
only in this case), it is 265A in underwater and 260A in
surface respectively).

Fig. 9 shows the relation between hydrogen content in
shielding gas of argon and numbers of droplets which is
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ed droplets

measured by a oscillogram in a constant welding condition
of 29V-320A. The numbers of droplets decreased clearly
in 0.25%H,, and the spray or the globular transfer occur-
ed alternately in 1.5%H, .

The hydrogen content in the arc atmosphere in under-
water MIG welding can be estimated about 0.1% by com-
paring the numbers of droplets in underwater and surface.
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3.5 Diffusible hydrogen in underwater MIG welding

Fig. 10 shows the diffusible hydrogen in the MIG arc
welding in surface in which the hydrogen is added to
argon as a shielding gas. The abscissa axis is expressed as a
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Fig. 10 Relation between hydrogen content in argon and diffusi-
ble hydrogen

square root of the hydrogen partial pressure, therefore the
diffusible hydrogen is proportional to Py, and agrees
with the Sieverts law. But even in case of no hydrogen
addition, the diffusible hydrogen less than 1cc/100 g is
measured, that is, 0.7cc/100 g for the spray arc and 0.3cc/
100 g for the short circuiting arc. This difference based

on the welding conditions may be caused by the amount -

of fused metal.

Taking no account of the difference, the relation be-
tween the diffusible hydrogen and the hydrogen partial
pressure are described as follows.

Hjig =25.0VPy, +0.5 cc/100 g )]
On the other hand, Fig. 11 shows the diffusible hydro-

gen in underwater welding both in spray and short circuit-
ing arc conditions. In both cases, the data were scattered
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Fig. 11 Diffusible hydrogen in underwater welding
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and the hydrogen content increased in the range of a high
welding speed and a low heat input. But if the welding
speed is too low, as shown in short circuiting arc con-
dition, it had an inclination to increase, which was caused
by the formation of a rectangular bead. Therefore it was
less than 2¢c/100 g in the practical welding speed of 20-40
cm/min. It was 1.1cc/100 g for the short circuiting arc
and 1.3cc/100 g for spray arc condition as an average
value. Appling these average values to eq. (5), the partial
pressure of hydrogen in underwater welding atmosphere
was calculated as Py, (short) = 0.00058 - 0.058% H,
and Py, (spray) =0.10%H, respectively. The results
above mentioned are considered to be overestimated for
spray arc and underestimated for short circuiting arc.

The hydrogen absorbed in a fused metal diffuses to a
non-fused area or disperses to the exterior from the solidi-
fied metal'’). The behavier of the hydrogen until the
beginning of measuring the diffusible hydrogen is changed
by the period of the arc generation (i.e. welding speed)
and cooling rate. As the weld metal is cooled rapidly by
the water just after the solidification in underwater weld-
ing, the hydrogen in the weld metal is apt to be larger
than that in surface welding.

From these considerations above mentioned, the
hydrogen content in arc atmosphere in underwater weld-
ing can be estimated less than 0.1%H, .

4. Conclusion

Some experiments were performed related to hydrogen
content in arc atmosphere. The results are as follows.

1) As a source of hydrogen in underwater welding, the
thin water film on a base metal was considered and it
was shown that the preheat effect by an arc acted
effectivelly upon the evaporation of water in front of
the arc.

2) The hydrogen content in arc atmosphere measured by
a direct and an indirect method was estimated about
0.1% in a range of practical heat input.

3) The diffusible hydrogen in the water curtain type
underwater MIG arc welding was less than 2c¢c/100 g
(Hjig) in practical heat input and this result was
better than the other wet welding methods.
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