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Abstract

In this paper the effects of active fluxes during gas metal arc
welding (GMAW) were investigated. Eight different types of
active fluxes, with different oxygen content, and MnO — SiO,
flux mixtures were applied to the surface in 20 vol.% steps
before welding. The used shielding gas was 82 % Ar + 18 %
CO, (ISO 14175 M21) in all cases. Even small amount of
active flux altered the weld face geometry, according to the
cross sectional stereo micrographic images. The most sig-
nificant effect on the internal form factor was experienced in
case of MnO active flux, which decreased the internal form
factor by 20 %. In case of the external form factor the applied
Si0, active flux caused the biggest increase which is 37 %. In
the hardness distribution and the microstructure of the joints,
including the weld metal and the heath affected zone, no sig-
nificant differences were experienced compared to the sample
welded without any flux material.
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1 Introduction

Nowadays the engineering industry has an increasing demand
to enhance the welding technologies, in order to enable more
productive and more efficient welding processes. One of the
developing areas is joining thick plates with the minimum num-
ber of welding passes. Therefore deeper fusion depth is needed
which increases the productivity areas, for example in case of
welding high strength steels [1]). In order to increase productiv-
ity by reducing the welding passes, higher energy beam welding
processes (e.g.: laser welding [2, 3], electron beam welding [4],
plasma arc welding etc.) or novel welding methods (e.g.: fric-
tion stir welding [5]) can be used. In order to increase the pro-
ductivity the usage of active fluxes gained attention in the recent
times. By applying a thin layer of active flux on the surface prior
welding, the penetration depth can be increased [6]. In case of
tungsten inert gas (TIG) welding, with the usage of activated
flux (A-TIG) 2-3 times deeper penetration can be achieved in
Armco iron compared to the conventional TIG welding process
[7]. In case of arc welding the driving force of the occurred flows
in the weld pool can be originated from four different phenom-
ena, the buoyancy, the surface-tension (which resulted in the so
called Marangoni effect [7]), the high velocity movement of the
arc plasma, and the Lorentz force [8, 9]. Regarding the physi-
cal background of these processes, different theoretical models
were established [10, 11]. The models described; the vaporized
ions from the flux play role in the increasing current density
in the center of the welding arc, the applied flux reduces the
surface tension and causes higher electric resistance, thus the
size of the arc spot decreases [7]. All of the above-mentioned
mechanisms have effect on the weld pool during A-TIG weld-
ing, however the main role is played by the reversed Maran-
goni flow [7-9]. The Marangoni effect is the mass transfer along
an interface between two fluids due to surface tension gradi-
ent. In case of presence of active fluxes on the surface the mass
transfer in the welding pool can be reversed from outward to
inward which leads to reversed Marangoni flow. As a result
of this inward convection the penetration depth is increasing
[8, 9]. The same phenomena can be achieved by adding oxy-
gen to the shielding gas [12]. Most of the researches [13-19]
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of the application of active fluxes are based on TIG welding
method. In case of gas-shielded metal arc welding (GMAW)
the usage of active fluxes is not well published. During GMAW
the effects of three types of active fluxes Fe,O,, SiO,, MgCO,
were investigated by Her-Yueh Huang [20] on AISI 1020 car-
bon steel plates with ER70S-6 welding wire and argon shielding
gas. The researchers investigated the effects of active fluxes at
three different 180 A, 200 A, 220 A welding current. In case
of Fe,0,, Si0, and MgCO, fluxes the area of the weld metal
and penetration depth increased for approximately ~50 %, and
also the mechanical properties improved compared to the welds
made without any flux material. In our research we investigated
the effects of eight different active fluxes and mixtures in detail
during GMAW using active shielding gas.

2 Materials and methods

Thebase material was 300x120x12 mm thick EN 1.0421grade
structural carbon steel, and was welded in as received (annealed)
state. The chemical composition of the base material is 0.26
wt% C, 0.24 wt% Si, 0.42 wt% Mn, 0.06 wt% Cr, 0.01 wt% Ni,
0.04 wt% Al, 0.06 wt% Cu and Fe bal. The welding wire was
G4Sil (ER70S-6) material grade with @1 mm diameter. The
chemical composition of the wire material is 0.10 wt% C,
1.00 wt% Si, 1.70 wt% Mn and Fe bal. Bead-on-plate run welds
were made on the plates using Rehm Focus Puls 400 welding
machine automated with Yamaha F1405-500 type linear drive
in order to keep the welding parameters constant as shown in
Table 1. The weld seams were made in a single pass with 100
mm lengths and with DC+ (direct current, wire positive) polar-
ity. The oxide layer was removed with grinding from the sur-
face, before the active fluxes were applied. As shielding gas
ISO 14175 M21, 82 % Argon + 18 % CO, was applied.

Table 1 Fixed parameters applied during the welding tests

Fixed welding equipment parameters

Wire feed 17.6 (m'min")
Welding speed 57 (cm-min")
Current 330 (A)

Arc voltage 40 V)
Nozzle gap 15 (mm)
Shielding gas flow rate 12 (I'min")

The active flux material was applied on the plate surface
before welding in a single, 0.12 mm thick layer. Eight grades
of flux materials (NaHCO,, MgCO,, Fe,O,, AlL,O,, TiO,, CuO,
MnO and SiO,) were used in the first test series. After that
mixtures of the two selected fluxes (MnO and SiO,, because
of their narrowing effect on the welding arc, therefore largest
decreasing effects on the weld geometry form factors) were

applied in 20 vol% steps. Therefore the specimen 40 % SiO,

means a weld with an activating flux mixture of 60 vol% MnO
and 40 vol% SiO,. The corresponding quantities of the applied
flux materials are given in Table 2. The fluxes were applied on
the surface with a constant area, with same layer thickness. The
differences of the quantities originated from the different den-
sities of the flux materials. The oxygen contents of the active
flux materials were calculated from the flux material quantities.

Table 2 Applied active flux types and their quantities for the welding tests

Active flux
Composition ?gu:::lzt;' Composition ?gu:rr:]:)y
NaHCO, 0.040 MnO 0.020
MgCO, 0.015 20% SiO, 0.024
FeO, 0.015 40% SiO, 0.028
ALO, 0.050 60% SiO, 0.032
TiO, 0.030 80% SiO, 0.036
CuO 0.035 Sio, 0.040

The weld morphology was investigated for macro- and
microstructural characteristics. The face width and face height
measurements were performed in minimum ten points using a
calliper along the entire length of the weld seam. For micro-
structure investigations and hardness tests one metallographic
specimen from approximately the middle of each weld line was
made from the cross section of the weld seams. To measure
the penetration depth on the etched metallographic specimens
Olympus SZX16 type stereo microscope was used. The form
factors of the weld geometry were determined on the stereo
microscopic images. The external form factor is given as the
ratio of the weld face width over the height and the internal
form factor as the ratio of the face width over the penetra-
tion depth. The microstructure examinations were done using
Olympus PMG3 type optical microscope, after the specimens
were grinded up to 2500 grit sand paper and polished by 3 and
1 pm diamond suspension. Nital 2 % etchant (98 ml ethyl alco-
hol plus 2 ml nitric acid) was used to develop the microstruc-
ture. The Vickers hardness tests (HV10) were done on a KB
Priiftechnik KB750 type universal hardness testing equipment.
In order to determine the effects of the active fluxes the above
mentioned measurements were made for all eight flux types
and their mixtures according to Table 2. The results were com-
pared to the weld made without flux material.

3 Results and discussion

During the welding process, spattering was experienced in
case of SiO,, CuO, TiO, and MnO fluxes. The biggest spatter-
ing was experienced during SiO, flux. This spattering resulted
in the differences of the weld geometry measurements, most
extensively in case of SiO, flux results. In the rest of the cases
no unwanted increase in spattering was experienced.
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3.1 Weld geometry

The cross sectional macrosection images of the weld metal
can be found on Fig. 1. On these macrosections, also the pen-
etration depth values were determined. Altogether, the results
of the weld geometry measurements in case of pure fluxes are
visible in Fig. 2, and in case of the flux mixtures in Fig. 3.

MnO
20%Si0
40%SiO.

80%SiO.

Fig. 1 Cross sectional stereo microscope micrograph of the welds welded
with different active flux materials
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Fig. 3 Effects of active fluxes on the form factors of the welds

Compared to the welds made without any flux material the
face width decreased in all cases except Al,O,. The average
weld face width was the narrowest in case of SiO, (about 71 %
of the weld with no flux). Using active fluxes the penetration
depth values decreased slightly but increased by ~6 % in case
of MgCO,. The face height increased in all cases except when
the welding was done with NaHCO, flux material. The biggest
weld face height was achieved during welding with MnO flux.
The oxygen content in the active flux shows direct proportion to
the face width values and inverse proportion to the face height.
Subsequently similar trends can be observed in the develop-
ment of the external and internal form factors (Fig. 3). Com-
pared to the no flux weld the external and internal form factors
decreased in all cases except by the application of Al,O,. The
largest effect was measured in case of MnO and SiO, fluxes
(~33-37 % less external and 21-15 % less internal form factor
of the weld) therefore the mixture of these two active fluxes
was investigated more detailed.
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During the investigation of the effects of SiO, — MnO active
flux mixtures (Fig. 4), the maximum face width was achieved
with the mixture of 60 % SiO, and 40 % MnO, while all of
the mixtures gave wider welds compared to the pure SiO, and
MnO fluxes. Compared to the weld with no flux the values
were smaller (except the 60 % SiO, mixture) indicating the
fluxes lowered the surface tension and the melt’s viscosity. The
deepest weld penetration was measured in case of 40 % SiO,,
which is slightly deeper than in case of no flux weld, in the
other cases smaller penetration was detected. The weld face
height has not changed significantly on the effect of mixing the
two fluxes to each other and it was about 13 % higher than in
case of no flux. The oxygen content in the active flux mixtures
shows no correlation to the weld geometry as extensive spatter-
ing was experienced in case of welding with SiO, fluxes. The
external and internal form factors (Fig. 5) followed the trends
of the weld width changes. Both the external and internal form
factors were smaller compared to the no flux weld (9 % and
1 % smaller respectively).

Face height [/ width [__]/ Penetration depth [0

R Oxygen content in active flux

Face width (mm)

l
1
l
[
1
l
1
1
l
I -3
1
1
1
1
1
1
!
1
1

Face height, penetration depth (mm)
Oxygen conten in active flux (mg)

A O &0 O
wo! \1\“100,0 = A&"" N 6&’,0

Active flux ratio (vol.%)

5\?6%0 o g2 gO»

In case of the SiO, and MnO flux mixtures both the exter-
nal and internal form factors increased compared to the pure
fluxes. 20% SiO, + 80% MnO and 60% SiO, +40% MnO mix-
tures showed the biggest increase in the external form factor.
In case of the internal form factor the 20%, 60% and 80% SiO,
mixtures showed roughly the same increase, which is 32-34%.

The overall weld geometry showed increasing width of the
weld root (Fig. 1).

3.2 Microstructure investigations

The microstructure investigations were made for all samples.
The microstructure of the base material, the weld metal and the
heat affected zone (HAZ) are shown in Fig. 6. in cases when
the used active flux material had the most significant effect on
the weld geometry (MgCO,, MnO, 40 % SiO, + 60 % MnO and
Si0,). The weld metal and the HAZ had a coarse grain size and
needle like ferrite and perlite grains in all cases. From Fig. 6 it
is visible, the fluxes had basically no effect on the grain size or
the microstructure of the investigated areas, only the macro-
scopic appearance (for weld geometry see Fig. 1) was altered.

3.3 Hardness measurements

The Vickers hardness measurements were done on the met-
allographic specimens in the weld metal, HAZ and base metal,
in minimum 5 points. The hardness of the base metal was meas-
ured 13344 HV10. The results of the hardness measurements
are listed in Table 3. No significant difference can be seen in the
results of the hardness measurements neither in the weld mate-
rial nor in the HAZ for the different samples. The used active
fluxes and mixtures had no significant effect on the HV10 hard-
ness values, all samples were in the scattering range.

Table 3 Effects of active fluxes on the hardness values of the welded joints
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Fig. 5 Effects of active flux mixtures on weld form factors
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Fig. 6 Effects of active fluxes on weld metal and HAZ microstructure

4 Conclusion
From the above mentioned investigations the following
conclusions can be drawn. In case of GMAW of low carbon
steels using active shielding gas (82 % Argon+18 % CO,)
small amounts of active fluxes can alter the geometry and also
the form factors of the welds compared to the normal GMAW
welded sample without any active flux material:
» The biggest increase in the internal form factor can be
achieved with Al,O, active flux, which is about 7%.
* The oxygen content in the active flux shows direct pro-
portion to the face width values and inverse proportion to
the face height.

¢ In case of the SiO,-MnO flux mixtures large fluctuations
in the internal and external form factors (27% and 30%)
was observed.

* The biggest and lowest external form factor was observed
in case of 20% SiO, and 40% SiO, mixtures respectively.

» The biggest and lowest internal form factor was observed
in case of 80% SiO, and 40% SiO, mixtures respectively.

* The changes in weld geometry do not affect the micro-
structure or the hardness of the joints, both in the weld
and in the HAZ, the microstructural characteristics and
the hardness values were basically the same.

In case of low carbon steel welding active fluxes had influ-
ence the GMAW process, but not as much as it was reported in
case of stainless steel welded by TIG welding process.
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