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On the CO,-0O, Arc Welding of Painted Steel Plate

Isao MASUMOTO and Kazuo MATSUDA

As the application of CO;-O; arc welding spreads in the many industrial
fields, some problems occur from a practical standpoint, which are further to
make it possible to weld rusted plate, painted plate or oiled plate without po
rosity. This report refers to the effects of several elements of electrode wire on
such problems,

As said that we must completely remove rust, oil, lacquer or paint from
joint groove before welding, otherwise porous weld will be produced, however
it is not always possible to remove above, furthermore it would not be economical.
Sometimes it is necessary to weld steel plate with some rust, oil, lacquer or
paint.

It was experimentally found that an electrode wire contaning some amount
of aluminum were effective in such a case. The experiment was carried out by
a bead-on plate test with CO;-O; arc welding, in which vee groove was cut
and filled with various material, as shown Fig. 1.

Every deposited bead were examined by radiography.

Compositions of electrode wires used are shown in Table 1. Some results
are graphically illustrated in Fig 3, 4 and 5, These figures show that aluminum
over 0.35% content of electrode wire is very effective to prevent weld metal
from porosity. In this figure the relative porosity means the number of blow-
holes of bead in unit length of a radiograph.

Futhermore, the joint faces of plates in 9mm thickness been rusted, lac-
quered, painted or oiled, were welded by CO,-O; arc welding with some elec-
trodes of various contents of aluminum. A result of mechanical test ot welded
joints is shown in Table 4.

Photo. 1 illustrates some examples of radiographs which show the effects of
aluminum in electrode wire on the prevention of porosity of weld metal.

Conclusion,

Aluminum content over 0.35 per cent of electrode wire for CO,-0, arc
welding is effective to prevent weld metal of rusted, lacquered, painted or oiled
steel plate from porosity.
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Table 1. Chemical compositions of base metal and
electrodes.

Thickness Elements, %
Materials or dia-
meter, | ¢ | si {Mn| P | S | Al
mm
Base metal 9 0.18} 0.01 | 0.48 | 0.03 | 0.018] —
A 1.2 0.08 | 0.72 | 1.63 | 0.007| 0.004] —
B 1.2 0.05 ] 0.53 ] 1.80 ) 0.012{ 0.020] 0.006|
C 1.2 0.05 | 0.55 | 1.81 | 0.012] 0.016{ 0.20
El D 1.2 0.06 | 0.64 | 1.80 { 0.012] 0.020; 0.35
ec-
reCes |E 1.2 ]0.06]0.64 ] 1.74 | 0.011] 0,013 0.71
F 1.2 10.07 0.58 | 1.73 | 0.011} 0.018] 1.03
G 1.2 0.06 | 0.57 | 1.66 | 0.012] 0.018] 1.83
H 1.2 0.07 | 1.56 | 1.96 | 0.013] 0.017| 0.004
1 1.2 0.05 | 1.94 {1 2.36 | 0.013] 0.016/ 0.010
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Fig.1 Bead-on-plate test piece with grove.
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Table 2. Effects of electrode wires on the appear-
ance, porosity and hardness of weld metals on the
steel plate with various surface condition.

Number of :
Surface gga\l;ls(ed aAan%eilf'_ blow hole in X:;gfrs
condition | elec- bead radiograph, ness
trodes number/cm
A good 0.08 212
B 7 0.17
C 7 0.08 157
Rusted D excellent 0 214
with water E z 0
F good 0.08
G excellent 0 217
H 7 0
I K4 0
A excellent 0 193
B good 0.17
C 7 0.83 154
Rusted D 7 0.08 204
with sea E excellent 0
water F 7 0
G good 0.08 207
H excellent 0
I good 0.17
A good 0.17 169
B poor 1.59
C 7 1.25 166
Rusted D excellent 0 204
with acid E good 0.08
F 7 0.17
G 7 0.17 203
H excellent 0
I 7 0
A poor 0.5 198
B excellent 0
C poor 1.58 165
D excellent 0 207
Lacquered E 7 0
F good 0.08
G excellent 0 217
H 7 0
i poor 0.75
A poor very many 198
B 7 2.25
C good 0.75 161
Rust- D 7 0.08 207
resisting E 7 0.25 182
lacquered F excellent 0 185
G good 0.08 234
H poor 0.42
1 7 very many
A poor very many 174
B ” 7
C good 0.5 161
Machine D 7 0.08 218
oiled E 4 0.17
F excellent 0
G 7 0 227
H poor 0.83
I i very many
A poor very many 174
B 2 7
C 7 7 180
D excellent 0 201
greased E good 0.25
F 7 0.08
G excellent 0 204
H Y] 0
1 poor 2.42
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Fig. 3 Effect of aluminum content of electrode
wire on the porosity of the beads on rusted plates.
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Table 3. Chemical compositions of weld metals
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Fig. 4 Effect of aluminum content of electrode
wire on the porosity of the beads on lacquered
plates.

BIC L DD & HARTRRL fa>Tnb,
Fig. 3~ 5%, BEMHADO 7 VI =7 AGEMNRE —
FASESRBPOERAMC kS T THEY, TUWERLU

(4)

Mark Elements, % 0
Surface of used \
condition | elec— N .AI \\
trodes | Si Mn |sol- Tinsol | iq4, \ ——O———GREASED PLATE
uble Uble ‘\ ——-@——MACHINE OILED PLATE
A 0.12 0.52 0.002 {<0.002 |<0.002 \
B 0.05 0.56 0.008 | 0.002 | 0.010 “
Rusted g 8.20 8.83 0.08 0.84? 8%%2 \
. .22 .87 0.102 | .05 . \
with sea F 025 | 095 | 016 | 0.046 | 0.206 o
water G 0.23 0.91 0.47 0.042 | 0.512 el \
H 0.39 0.77 | 0.002 {<0.002 | 0.002 @ \
I 0,52 | 0.97 [<0.002 [<0.002 | <0.002 €l |\
A 0.00 | 0.50 | 0.006 |<0.002 | 0.006 " |
B | 0% | 05 [<0:005 | ~0:0% | 0:60 : .
0.23 .95 4. . I3 N
Rusted E 022 | 088 | 016 | 0042 | 0.202 3 A\~
with acid F 0.22 0.90 0.27 0.043 | 0.313 x 0 ~-g =
G 0.23 0.90 | 0.53 0.036 | 0.566 0 05 10
H 0.35 0.75 0.002 |<0.002 |<C0.002 ALUMINUM CONTENT OF ELECTRODE, o,
I 0.57 1.01 0.002 [<C0.002 | 0.002 ’
A 0.14 | 0.62 | 0.002 |<0.002| 0.002 Fig.5 Effect of aluminum content of electrode
][3) gig :g"gg <8 ggg <8’ggi <8 8% wire on the porosity of the beads on greased and
Lac- E 0.21 | 0.82 | 0.1 | 0.043 | 0.153 oiled plates.
quered F 0.23 0.92 0.28 0.037 | 0.317
G 0.23 0.94 0.53 0.034 | 0.564
H 0.50 0.93 |<0.002 {<0.002 [<0.002
I 0.68 1.14 0.002 [<0.002 | 0.002
20
BB
0.10 -7 003 {<C0. P ——O——RUSTED PLATE WITH WATER
Rus,f_ff g 8%2 823 8 (1)21 88?12 8 %gg :;:g —-——-—RUSTED PLATE WITH SEA WATER
resisting F 0.21 | 0.91 | 0.26 | 0.048| 0:308 240 ——-@-——RUSTED PLATE WITH ACID
tacquered G 0.25 0.93 0.53 0.044 | 0.574 3ig A
H 0.51 0.91 0.003 }<0.002 | 0.003 E \
1 0.67 1.10 0.003 0.002 | 0.005 4
A 0.13 0.62 [<0.002 [<0.002 [<0.002
B 0.10 0.71 {<0.002 |<0.002 |<0.002 >
hi D 0.21 0.90 0.08 0.034 | 0.114 @
Machine E 0.21 | 0.86 | 0.14 | 0.037 | 0.177 2
oiled F 0.22 0.92 0.22 0.038 | 0.258 2
G 0.22 0.89 0.53 0.030 | 0.560 w
H 0.48 0.90 0.002 | 0.002 | 0.004 =
1 0.60 1.04 0.002 {<C0.002 | 0.002 E
B
A 0.14 | 0.57 | 0.008 |<0.002 | 0.003 "
B 0.10 0.72 0.003 |<C0.002 | 0.003 0 =
D 0.21 0.90 0.041 0.031 0.072 0.5 { 15 20
E 0.21 083 0 13 0011 0 141 SILICON CONTENT OF ELECTRODE, %
Greased F 0.23 | 089 | 020 | 0.033| 0.323
g 8:% 8:22 <8 332 28:883 <8 332 Fig. 6 Effect of silicon content of electrode wire
1 0.67 | 1.10 | 0.007 |<0.002 | 0.007 on the porosity of the beads on rusted on plates.
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Fig.7 Effect of silicon content of electrode wire
on the porosity of the beads on lacquered plates.
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Fig.8 Effect of silicon content of electrode wire

on the porosity of the beads on greased and oiled
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Fig.9 Effect of aluminum content on the poros-
ity of weld metals of rusted joints.
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Fig. 10 Effect of aluminum content on the po-
rosity of weld metals of lacquered joints.
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Fig. 11 Effect of aluminum content on the po-
rosisy of weld metals of greased and oiled joints.
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Fig. 12 Effect of silicon content on the porosity
of weld metals of rusted joints.
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IFig. 15 Effect of silicon content on the porosity

of weld metals of lacquered joints.
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Photo. 1

quered b) and oiled ¢) steel plate.
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Fig. 14 Effect of silicon content on the porosity
of weld metals of greased and oiled joints.
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1) electrode A

i) electrode D (0.35% Al)

a) rusted plate with acid

X2

iii) electrode A

oo

iv) electrode D (0.35% Al)

b) rust-resisting lacquered plate

X2

v) electrode A

e

vi) electrode D (0.35% Al)

¢) machine oiled plate

Photo. 2 Macro-photographs of cross-sections of welds on rusted a), lac-

quered b) and oiled c¢) steel plate.
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i) electrode A ii) electrode D (0.35% Al)
a) rusted plate with acid

11i) electrode A iy) electrode D (0.35% Al)
b) rust-resisting lacquered plate

v) electrode A ' vi) electrode D (0.35% Al)

¢) machine oiled plate

Photo. 3 Microstructures of weld metals on rusted a), lacquered b) and oiled
¢) steel plate.
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Table. 4 Effects of electrode wires on the appearance, porosity and mechanical
properties of welded joints with various surface condition.
_— ENumber Tension test E— Guide bend test,
r lof blow- | specimen, Yield |Tensile| gy
Surface 3fsed Appear-. |hole by point f}t‘reng- gation| Broken Face bend Root bend
condition elec- £ bange ‘ra(:;ll?a-Ph G kg/ kg/ part Crack ke
of bead, ¥ auge | kg g rac rac
trode, numbeé"/ Type length | mm? mm? % Angle length Angle length
m N mm N mm
A poor 0.27 5 40 34.4 ggg 33.3 | Base metal 180 5 180 2
Rusted D excellent 0 8 40 4.7 éig 23.0 | Base matal 7 0 ” 0
with iy -
water E excellent 0 5 40 34.9 233 27.2 | Base metal 7 0 , 0
F excellent 0 g 40 36.5 é(;i; 23.0 | Base metal P 0 > 0
A poor 3.93 P 40 31.3 .‘:t}.:i 17.4 | Weld metal Brokeh Broken
Q 56.1
2 Al 35 48.7 27.5 .
D | good 003 | @ 10 8.9 1 281 b | Base metal | 45, 0 180 0
Lacquered
E excellent 0 P 10 31.6 48.1 30 Base metal y 0 . 0
; Q 64.9 0 0
'
F excellent 0 (I; 10 35.7 L‘];f 23.5 | Base metal , 0 L 0
A poor 0.37 (I; 10 35.6 gt{é 34.2 | Base metal 180 1 180 9
Rust D good 0.17 P 40 35.3 6.8 Base metal , 0 . 0
resisting ’ Q 62.2
lacquered E excellent 0 5 40 35.5 &‘f[.] 31.0 | Base metal 7 0 s 0
¢ |excetient | 0 4 0 | %2 | 6.1 | 0.1 | Base metal | " § .
A poor 1.70 (I; 40 37.3 g;é 17.7 | weld metal 180 5 180 9
D excellent 0 ([; 10 4.9 47.6 27.6 Base matal , 0 ; 0
61.9 . 4
Greased
. P 40 34.3 46.9 27.4 | Base metal
E good 0.0 g y 0 p 0
Q 63.3
P 40 31.8 47.0 27.5 | Base metal
F good 0.03 i QY 7 0 y 0
Q 65.2
Base metal PN - S o
Thickness: 9mm P40 31.3 44.7 37.9 | e - - -
| - | | I R B

1)

electrode A

1967

a) greased plate

i)

i)

electrode E (0.71% Al)

(9)

b) lacquered plate
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iv) electrode F (1.03% Al)

a) greased plate b) lacquered plate

Photo. 4 Result of tension test of joints welded by CO»-O; arc welding with
greased a) and lacquered b) steel plate.

a) rusted plate with water

b) lacquered plate

¢) greased plate

1.037, AD

i) electrode D (0.35% A1) i) electrode I (

Photo 5 Appearances of guide-bend specimens of weld metals of rusted a),

lacquered b) and greased c¢) steel plate.
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