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Purpose: of that paper was analysing main gases used in micro-jet cooling after welding. The main
reason of it was to investigate possibilities of getting varied amount of acicular ferrite (AF) in WMD (weld
metal deposit). High amount of acicular ferrite influences positively impact toughness of weld.

Design/methodology/approach: During research varied gases were testes as micro-jet parameters.
Further the chemical analysis, micrograph tests and Charpy V impact test of the metal weld deposit on
pendulum machine were carried out. The Charpy V impact test was prepared according to standard
ISO EN 148-1 Metallic materials - Charpy pendulum impact test - Part 1: Test method. Samples for
impact testing were prepared according to standard ASTM A370.

Findings: Varied amount of acicular ferrite in weld metal deposit (in range 55%-75%) in terms
of micro-jet cooling parameters (in that case kind of gas and gas pressure). This high amount of
acicular ferrite is unheard in weld metal deposit in another way or other methods of welding such as
MAG or TIG.

Research limitations/implications: That research was made for MIG method (according to PN-EN
ISO 4063:2009) only. Another method of welding in this article was not tested.

Practical implications: Micro-jet cooling it is way to get higher amount of acicular ferrite in weld
metal deposit than the usual methods of welding. It is very important because it could be used to
steering of weld joint structure and mechanical properties (for example impact toughness).

Originality/value: In this research new method of cooling weld joint during welding was used. At
the present time use of micro-jet cooling while MIG is in the testing phase and requires an accurate
diagnosis.This method is very promising and capable of industrial application, mainly due to the
significant improvement of weld quality and reduces costs.
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1. Introduction

For a long time researchers were putting attention to lift
impact toughness properties of weld [1-17]. There was described
great role of the amount of acicular ferrite on impact toughness
properties, nevertheless it was impossible to exceed value of 65%
of AF in WMD during standard welding.

Oxygen in weld for a long time was assumed as a main
element influencing on high amount of AF in welds because of
oxide inclusions role during austenite conversion (Figure 1).

Amount of AF strongly depends on size of oxide inclusions
and lattice parameters of ferrite and oxides. Nevertheless amount
of 65% of acicular ferrite is very difficult to exceed.

Fig. 1. Small oxide inclusions in weld, the oxygen amount
(380 ppm) [3]

Fig. 2. Montage of welding head and micro-jet injector

New micro-jet cooling technology could be suggested as a new
way to solve that problem [2, 3]. This paper describes the influence
of artificially lifted amount of acicular ferrite in WMD (above
65%) with using micro-jet cooling and varied micro-jet gases as
parameters of the process [3]. The material properties after repair
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are very important. For example in the automotive the vibration
propagation in materials are very important [20, 21].

To obtain much higher amount of acicular ferrite in weld
metal deposit it was installed welding process with micro-jet
injector (with steam diameter of 40 pum). Montage of welding
head and micro-jet injector illustrates Figure 2.

2. Experimental procedure

Weld metal deposit was prepared by welding with micro-jet
cooling with varied gases. The main data about parameters of
welding were shown in Table 1.

Table 1.
Parameters of welding process
No. Parameter Value
1 Principal Qiameter 1.2 mm
of wire
2. Standard current 220 A
3. Voltage 24V
Ar
4. Shielding welding gas Ar+1.5%0
82% Ar + 18% CO,
5 Kind of telgted micro-jet ; B ﬁé
cooling gas 3N,
6 jet numbers shielded gas, 1,
) gas pressure 0.4 MPa
7. Standard of welding wire EN 440: G4S:1

The study was carried out for low alloy steel S355J2G3
(with thickness of 16 mm) on a special prepared research station.
Welding process ensures the cooling of the overall joint. Argon,
helium, nitrogen were chosen for micro-jet cooling (always with
diameter of 40 um of stream). Cooling gas pressure was always
constant on the level of 0.4 Pa. Equipment for MIG welding with
micro-jet injector ready to tests is shown in Figure 3.

micro-jet injector

Fig. 3. Equipment for MIG welding with micro-jet injector
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3. Results and discussion

All tested welding processes were realized with varied
micro-jet gases: argon, helium, nitrogen. A typical weld had
chemical composition in all tested cases. Micro-jet gas could
have only influence on more or less intensively cooling
conditions, but does not have any influence on chemical WMD
composition (Table 2).

Table 2.
A typical chemical composition of welds
No. Element Amount

I. C 0.08%
2 Mn 0.79%
3 Si 0.39%
4. P 0.017%
5 0.018%
6 o 380 ppm

There were typical analysed structures for MIG welding
with micro-jet cooling. Example of this structure was shown in
Figure 4.

In standard MIG welding process (without micro-jet cooling)
there usually exist higher amounts of GBF and SPF fraction
meanwhile in micro-jet cooling both of GBF and SPF structures
were not dominant in all tested cases (with argon, nitrogen,
helium as micro-jet gas). In all tested cases there were observed
also MAC (self-tempered martensite, retained austenite, carbide)
phases. Acicular ferrite with percentage above 70% exist only
after argon micro-jet cooling (shown in Figure 5, Table 3). The
higher amount of MAC phases especially occures for nitrogen
micro-jet cooling and for standard MIG (Table 3).

Table 3.
Metallographic structure of welds
Micro-jet gas Ferrite AF MAC phases
without micro-jet 55% 3%
He 65% 2%
Ar 73% 2%
N, 55% 4%

After that the chemical analysis, micrograph tests and Charpy
V impact test of the deposited metal were carried out. The Charpy
V impact test was preformed according to standard ISO 148-1
Metallic materials - Charpy pendulum impact test - Part 1: Test
method [18-19]. Samples for impact testing were prepared
according to standard.

T. Wegrzyn, J. Piwnik, B. kazarz, M. Plata

Fig. 4. Acicular ferrite in weld (68-73%) in terms on micro-jet
gases, magnification x 200

Impact toughness could be always treated as major test of
weld properties. It was clearly observed that metallographic
structure in all tested cases was not the same. There were
observed various amount of acicular ferrite and MAC phases in
metal weld deposit in terms of micro-jet gas (Figures 4, 5).
Toughness indicates how much energy a material can absorb
before cracking [20-21]. Strength and toughness are very often
related, but not in that case, because welds in all tested cases had
the same composition. It was much important to do impact
toughness tests instead of strength tests to get higher knowledge
about welds after micro-jet cooling.
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Fig. 5. Acicular ferrite in weld metal deposit after micro-jet
cooling (argon), magnification: a) X 1000, b) x 2000

Charpy V impact test was carried out in such a way that the
hammer blow was to the middle notch, and the axis lying in the
plane of movement of the hammer and the blame was directed to
the supports.

The impact toughness results is given in Table 4. The Charpy
tests were done mainly at temperature + 20°C and - 40°C
(5 specimens).

It is possible to deduce that impact toughness at negative
temperature of weld metal deposit is apparently affected by the
kind of micro-jet gas in cooling injector. Argon micro-jet gas in
cooling on injector could be treated as an optimal, nitrogen could
be treated as a wrong micro-jet gas choice.

In welded structures there were two general types of tests
performed: impact toughness and structure. Acicular ferrite and
MAC phases (self-tempered martensite, upper and lower bainite,
retained austenite, carbides) were analysed and counted for each
weld metal deposit. MAC phases were on the similar level of
2%-4%.
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Table 4.
Impact toughness for welding with varied micro-jet gases

Micro-jet Test temperature, Impact toughness
gas °C KCV,]J
e -40 -
N, -40 below 40°
Ar -40 57
He -40 47
microjt 0 0
N, 0 42
Ar 0 70
He 0 67
nvlzgrlg‘);l; +20 168
N, +20 142
Ar +20 181
He +20 173

4. Conclusions

Micro-jet cooling could be a very helpful technology for
welding process. There are different parameters of micro-jet
cooling. At the paper only kind of micro-jet was tested. It was
clearly shown, that micro-jet gas could have important influence
on metallographic structure and impact toughness of welds.

On the basis of the investigation it was possible to deduce
that:

e micro-jet-cooling could be treated as a important element of
MIG welding process,

e micro-jet-cooling after welding can prove amount of acicular
ferrite, the most beneficial phase in low alloy steel weld metal
deposit,

e because of using micro-jet after welding it could be possible
to steer the metallographic structure,

e argon as a micro-jet-gas cooling in cooling is treated as
optimal choice,

e nitrogen micro-jet gas for low alloy welding is not
recommended.
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