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Synopsis :

To stabilize the arc in gas shielded metal arc welding of rare earths (RE) -or calcium
(Ca) -treated linepipes, an investigation has been carried out concerning the effects or
RE, Ca, Ar, and Ti on arcing phenomena, weld bead appearances, and spattering. The
short-circuit transfer frequency decreased and the spatter losses increased with
increasing RE or Ca content in plates. The behaviour of arc weldabilities can be assesed
in terms of RE and Ca atomic concentration. A repelled transfer of pendant metal drops
which causes the arc instability in Co**2 welding of RE- or Ca-treated linepies can be
interpreted as being based on the stronger arc pressure attributed to the lower
thermionic work function of RE- or Ca-oxides and the significant thermal pinch effect of
CO**2 shield gas on arc columns. The shielding by CO**2 -Ar mixed gas provides the
prectical solution for arc stabilizing from an aspect of adecreasing the arc pressure. The
welding wire with or without Ti affects beneficially the arc in the globular and the
short-circuit transfer welding, respectively. The optimum wire selection corresponding

to welding conditions is concluded to be a key issue.
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Synopsis:

To stabilize the arc in gas shielded metal arc welding of rare earths(RE}- or calcium(Ca}-treated linepipes, an
investigation has been carried out concerning the effects of RE, Ca, Ar, and Ti on arcing phencmena, weld bead
appearances, and spattering.

The short-circuit transfer frequency decreased and the spatter losses increased with increasing RE or Ca
content in plates. The behaviour of arc weldabilities can be assessed in terms of RE and Ca atomic concen-
tration. A repelled transfer of pendant metal drops which causes the arc instability in CO, welding of RE- or
Ca-treated linepipes can be interpreted as being based on the stronger arc pressure attributed to the lower therm-
ionic work function of RE- or Ca-oxides and the significant thermal pinch effect of CO, shield gas on arc col-
umns. The shielding by CO,-Ar mixed gas provides the practical solution for arc stabilizing from an aspect of
decreasing the arc pressure, The welding wire with or without Ti affects beneficially the are in the globular
and the short-circuit transfer welding, respectively. The optimum wire selection corresponding to welding
conditions is concluded to be a key issue,
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Table 1 Materials used for welding
Chemical composition (%5}
Materials
C Si Mn P S Nb v Al RE Ca Ti
RE,Ca-free 0.09 0.20 1.48 | 0.013 | 0.003 | 0.035 | 0.028 | 0.629 — — -
0.10 0.2% 1.42 | 0.015 | 0.002 | 9.034 | 0.040 | 0.036 | 0.013 — —
Plate RE treated 0.10 0.29 1.43 | 0.015 | 0.002 | 0.033 | 0.040 | 0.036 | 0.021 — -
(15 0.10 0.28 1.42 0.015 | 0.002 | 0.035 | 0.042 | 0.036 | 0.030 — —
mm
thick.) 0.10 0.27 1.50 | 0.015 ] 0.002 j 0.038 | 0.032 | 0.038 —  |0.0033 —
Ca treated 0.10 .32 1.54 | 0.016 | 0.002 | 0.035 | 0.030 | 0.027 — | 0.0054 —
0.10 0.27 1.53 | 0.016 ; 0.003 | 0.036 | 0.033 | 0.038 — | 0.0082 —
Wire KC- 45 0.07 0.85 1.30 | 0.011 | 0.009 — — 0.001 — — —
{1.2mm ¢} KC-50 0.08 0.70 1.60 | 0.014 | 0.010 — — 0.013 — — 0.20
/ Table 2 Welding conditions used for experiments (DCRP)
Shield gas )
flow rate Current | Voltage Travel | Wire Metal transfer
Test {{/min) (A) V) speed extention | .
(cm/min} (mm)
Mark | C{s | Ar
A 20 0 L
0 14~24 20 Short circuit
Pl jws| s O 4 Y
S A I 2 Globul
D obular
1 E [5] ;g 300 26~34 60 §
Spray
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Photo. 6 Macro-sections for the various welding currents

Table 3 Oxide properties and numerical data on the electron number emitted from the oxide surface

Mole_cular Density* oxide Ratio of** Thermionic* Ratio of***
Oxide weight (g /emd) velume the oxide work function electron
{g/mole) g/cm {em3/mole) area S @x 101 (J) number

RE,0; 326 6.51 50.1 1.00 4.48 1.0

Cal 56 3.40 16.5 0.66 4.32 1.1

Si0, 60 2.32 25.9 103 8.00 3.8x1078
Al 04 102 3.97 25.7 0.51 7.75 3.9x107°
FeO 72 5.70 12.6 0.50 6.11 4.5%1073

*  Quoted values from “Oxide Handbook”

Ratio of oxide area corresponding to one metallic atom which composes the oxide was calculated on the basis
of the same thickness

Number of electron emitted per unit time and area is calculated by AT?exp{—@/kT}

(A : constant, T: 2500°K, k . Boltzmann's constant)

Table 4 Results of slag analysis

Shield gas Slag compesition (%)
Plate flow rate
{I/min} 5i0; MnO | AlzOs; | TiOz | T.Fe | La203 | CeO2 Ca0
CO2:20 30.39 | 36.03 3.36 | 13.12 | 10.88 | <0.10 | <0.10 | <0.10

RE, Ca-free | CO2:10,Ar ;10 | 2891 | 34.24 345 | 13.24 9.82 | <0.10 { <0.10 | <0.10
COz: 5,Ar 15 | 28.80 | 34.76 3.07 | 1531 9.68 | <0.10 ) <0.10 | <0.10

COz: 20 3280 | 36.27 3.4% | 14.16 7.37 0.25 0.30 | <0.10
0.030%RE C0z:10,Ar 10 | 30.63 | 36.29 343 | 16.7% 7.26 0.45 0.50 | <0.10
COz: 5, Ari15 | 29.82 | 34.19 342 | 17.15 8.56 0.50 0.50 | <0.10

COz: 20 33.32 | 38.14 3.28 | 12.20 8.27 | <0.10 [ <0.10 .22
0.0082%Ca | COz:10,Ar 10 | 32.10 | 37.87 343 | 1645 7.60 | <0.10 | <0.10 0.33
€027 5 Ar:15 | 3135 | 36.38 3.81 | 17.70 7.25 | <0.10 | <0.10 0.34

Wire : KC-50 bearing 0.20%Ti (1.2mm ¢), Welding current | 1004, Welding speed ! 20cm/min
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