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NITROGEN AND OXYGEN AMOUNT IN WELD AFTER WELDING WITH MICRO-JET COOLING

ZAWARTOSC AZOTU I TLENU W STALOWYM SPOINIE PO SPAWANIU Z CHLODZENIEM MIKRO-JETOWYM

Micro-jet cooling after welding was tested only for MIG welding process with argon, helium and nitrogen as a shielded
gases. A paper presents a piece of information about nitrogen and oxygen in weld after micro-jet cooling. There are put down
information about gases that could be chosen both for MIG/MAG welding and for micro-jet process. There were given main
information about influence of various micro-jet gases on metallographic structure of steel welds. Mechanical properties of
weld was presented in terms of nitrogen and oxygen amount in WMD (weld metal deposit).
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Chtodzenie mikro-jetowe bylo stosowane tylko w spawalniczym procesie MIG, gdzie gazem ostonowym byly argon, hel i
azot. W artykule przedstawiono informacje na temat zawartosci azotu i tlenu w spoinie po chtodzeniu mikro-jetowym. Podano
informacje zaréwno dla gazéw, ktére mogg by¢ wybrane dla spawania MIG/MAG i dla mikro-jetowego procesu. Uzyskano
informacje o wplywie doboru gazu mikro-jetowego na struktur¢ metalograficzng stalowych spoin. Wlasnosci mechaniczne
ztacza podano w funkcji zawarto$ci azotu i tlenu w stopiwie.

1. Introduction

Many authors put especial attention to nitrogen and oxy-
gen amount in MWD. Welding process was even classified
respectively on [1]:

— low oxygen process (unless 450 ppm O in WMD)

— medium oxygen process (in range 450 up to 700 ppm O
in WMD,

— high oxygen process (higher amount than 700 ppm of O),

— low nitrogen process (unless 50 ppm N in WMD)

— medium nitrogen process (in range 50 up to 70 ppm N in

WMD,

— high nitrogen process (higher amount than 70 ppm of N).

Good mechanical properties of weld correspond respec-
tively with low nitrogen and low-oxygen processes. Amount
of nitrogen and oxygen has strong influence on metallographic
structure because of influence of acicular ferrite (AF) forma-
tion. Amount of acicular ferrite (AF) is treated as the most
beneficial structure in steel WMD that corresponds with high
impact toughness of weld [1, 4, 8, 10]. Acicular ferrite could
be easily formed with nonmetallic inclusion contact. Amount
of AF in weld is connected with nitrogen and oxygen in WMD
because of nitride and oxide inclusions presence in welds.
Very important role plays such parameters of inclusions as:
size, density, and first of all lattice parameter of nitride or ox-
ide inclusions. Having the most optimal inclusion parameters
in weld it is only possible to get maximal 60% of AF in weld,

but no more [3-9]. Beneficial metallographic structure, with
high amount of AF in MWD has influence on impact tough-
ness of welds. Micro-jet cooling just after welding gives new
chance to increase artificially high amount of AF in weld and
consequently micro-jet cooling effects on mechanical prop-
erties of weld [9-13]. The micro-jet cooling was tested only
for low alloy steel with three micro-jet gases (argon, helium,
nitrogen) only for MIG/MAG welding with modern gas mix-
tures [2-5, 12]. Micro-jet cooling after welding can find very
soon a very serious application in automotive industry [9-10,
15-17].

2. Experimental procedure

Weld metal deposit was prepared by welding with
micro-jet cooling with varied gases both for MIG/MAG weld-
ing and micro-jet cooling process. To obtain various amount of
nitrogen and oxygen in weld it was installed welding process
with micro-jet injector. Main parameters of micro-jet cooling
were slightly varied:

— cooling steam diameter was varied from 40 ym until

50 um,

— o number of cooling jets was not varied (always 1),

— gas pressure was varied from 0.4 MPa until 0.5 MPa,

— argon, nitrogen, helium were only chosen as micro-jet gas-
es.
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MIG/MAG welding process was based on two shielded
gases: argon and gas mixture of 79% Ar and 21% CO,. Mon-
tage of welding head and micro-jet injector illustrates Figure 1.

welding

head
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|

Fig. 1. Montage of welding head and micro-jet injector

Thus weld metal deposit was prepared by MIG’MAG
welding with two different gases (Ar and gas mixture of 79%
Ar and 21% CO,) and with three micro-jet cooling gases (ar-
gon, helium, nitrogen). The main data about parameters of
welding were shown in Table 1.

TABLE 1
Parameters of welding process
No. Parameter Value
1. Diameter of wire 1.2 mm
2. Standard current 220 A
3. Voltage 24V
4 Shielding Ar
’ welding gases 81% Ar + 19% CO,
1-Ar
5. | Kind of tested micro-jet cooling gas 2 - He
3-N,
0.4 MPa
6. Gas pressure 0.5 MPa
7. Number of jets: always 1
. . 40 um
8. cooling steam diameter 50 ym

Weld metal deposit was prepared by welding with
micro-jet cooling great number of parameters.

3. Results and discusion

There were compared various welds of standard
MIG/MAG welding with innovative micro-jet cooling technol-
ogy. Micro-jet gas could have only influence on more or less
intensively cooling conditions, but does not have strong influ-
ence on chemical WMD composition. A typical weld metal
deposit had rather similar chemical composition in all tested
cases, except nitrogen and oxygen amount (Table 2).

For standard MIG welding there were observed much
lower amount of oxygen in WMD than in MAG welding
according to oxygen process classification [9, 10]. For stan-
dard MIG and MAG welding there were observed comparable

TABLE 2
Chemical composition of WMD
Welding process Element | Amount
in all tested cases C 0.08%
in all tested cases Mn 0.79%
in all tested cases Si 0.39%
in all tested cases P 0.017%
in all tested cases S 0.018%
MIG welding (Ar),
without micro-jet cooling 0 380 ppm
MIG welding (Ar), He as micro-jet gas o 380 ppm
MIG welding (Ar), Ar as micro-jet gas (0] 380 ppm
MIG welding (N,), Ar as micro-jet gas ¢ 370 ppm
MAG we.ldmg (7?% Ar and %1% CO,) 0 530 ppm
without micro-jet cooling
MAG welding (79% Ar. and 21% CO,), 0 530 ppm
He as micro-jet gas
MAG welding (79% Ar. and 21% CO,), 0 530 ppm
Ar as micro-jet gas
MAG welding (79% Ar. and 21% CO,), 0 520 ppm
N, as micro-jet gas
. MIG w.eldm.g (Ar),. N 50 ppm
without micro-jet cooling
MIG welding (Ar), He as micro-jet ga N 50 ppm
MIG welding (Ar), Ar as micro-jet gas N 50 ppm
MIG welding (Ar), N, as micro-jet gas N 70 ppm
MAG we.ldmg (7?% /.\r and %1% CO,) N 55 ppm
without micro-jet cooling
MAG welding (79% Arh and 21% CO,), N 55 ppm
He as micro-jet gas
MAG welding (79% Arh and 21% CO,), N 55 ppm
Ar as micro-jet gas
MAG welding (79% Arh and 21% CO,), N 75 ppm
N, as micro-jet gas

amount of nitrogen. It is easy to deduce that micro-jet cool-
ing after welding does not have strong influence on nitrogen
and oxygen amount in WMD. After chemical analyses the
metallographic structure was given. Example of this structure
was shown in Table 3 (a detailed analysis of all micro-jet
parameters), and in Table 4 (simplified version).

Tables 3, 4 show that in all cases argon is more beneficial
micro-jet gas cooling than helium and nitrogen. Nitrogen as
micro-jet gas could be treated as a wrong choice. In stan-
dard MIG/MAG welding process (without micro-jet cooling)
there were usually gettable higher amounts of grain boundary
ferrite (GBF) and site plate ferrite (SPF) fraction meanwhile
in micro-jet cooling both of GBF and SPF structures were
not so dominant in all tested cases (with both argon and he-
lium as micro-jet gases). In all tested cases there were also
observed MAC (self-tempered martensite, retained austenite,
carbide) phases on various level. Acicular ferrite with per-
centage above 70% was gettable only in one case after MIG
welding with argon micro-jet cooling (shown on Figure 3,
Table 3). The higher amount of MAC phases was especially
gettable for more intensive nirogen micro-jet cooling in MAG
process (Tabl. 3, 4).
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TABLE 3 ently affected by the kind of micro-jet cooling gas. Micro-jet
Metallographic structure of MIG welds technology always strongly proves impact toughness of WMD.
Microoiot sas | Microoiet Argon must be treated as better micro-jet gas than helium,
Micro-jet presgurég diametJer Ferrite | MAC however micro-jet cooling with helium gives better results than
gas [MPa] [um] AF | phases simple MIG/MAG welding without micro-jet cooling.
without without without
micro-jet micro-jet micro-jet 33% 4% TABLE 5
He 04 40 60% 3% Metallographic structure of MAG welds
He 0.4 50 61% 3% Welding | Micro-jet | Impact toughness Impact toughness
He 05 40 61% 3% method gas KCV, J (at - 40°C) | KCV, J (at +20°C)
He 0.5 50 59% 3% MIG _ 43 181
Ar 04 40 1% 2% MAG - below 40 175
Ar 0.4 50 73% 2% MAG Ar >4 183
Ar 05 40 73% 2% MIG Ar 59 195
Ar 05 50 72% 2% MAG He 46 186
N, 0.4 40 53% | 4% MIG He 31 182
N, 04 50 519% 59 MAG N, below 40 152
N, 05 40 50% 5% MIG N, below 40 155
N, 0.5 50 49% 5%
4. Summary and conclusions
TABLE 4
Metall hic struct f MAG weld .
ctafiograpiic structure © weles In low alloy steel welding there are two general types of
Micro-jet gases | Ferrite AF | MAC phases tests performed: impact toughness and microstructure.. Acic-
- — ular ferrite and MAC phases (self-tempered martensite, up-
without micro-jet 53% 4% per and lower bainite, retained austenite, carbides) were ful-
He 59% 3% ly analyzed and counted for each weld metal deposit. This
Ar 63% 29 two tests (microstructure and impact toughness) proved that
micro-jet technology gives beneficial modification in mechan-
N, 53% 5% . . . . . .
ical properties of welds. The innovative micro-jet technology

: i deosges 500 u
Fig. 2. High amount of acicular ferrite in weld (73%) after Ar
micro-jet cooling

After microstructure studies the Charpy V impact tough-
ness of the deposited metal were carried out (5 specimens).
The impact toughness results is given in Table 5. The Charpy
tests were only taken at temperature — 40°C and +20°C.

It is possible to deduce that impact toughness both at am-
bient and negative temperature of weld metal deposit is appar-

was firstly recognized with great success for MIG welding.
In that paper micro-jet cooling technology was also precise-
ly described and tested for MAG welding process with three
various micro-jet gases: argon, helium, nitrogen. Micro-jet gas
could have only influence on more or less intensively cooling
conditions, but does not have any influence on oxygen amount
in WMD. On the basis of investigation it is possible to deduce
that micro-jet technology could be important complement of
both welding methods: MIG and MAG. An important part of
the article was to analyze the content of oxygen and nitrogen
in the weld. MAG welding process is treated as average oxy-
gen process (because of 525 ppm O in weld regardless of the
micro-jet parameters). MIG welding process is treated as low
oxygen process (because of 375 ppm O in weld regardless of
the micro-jet parameters). The use of nitrogen as the cooling
gas will significantly influence the structure and properties of
welds.
Final conclusions:
a) micro-jet cooling could be treated as an important element
of both MIG and MAG welding process,
b) micro-jet cooling after welding can prove amount of ferrite
AF, the most beneficial phase in low alloy steel WMD,
c) argon could be treated as optimal micro-jet gas for low
alloy steel welding processes both for MIG and MAG,
d) helium and nitrogen could not be treated as a good choice
for low alloy steel micro-jet welding, however micro-jet
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helium cooling gives better results than simple MIG/MAG
welding without micro-jet cooling,

micro-jet injector after welding has only influence on more
or less intensively cooling conditions, but does not have
strong influence on oxygen amount in WMD,

micro-jet injector after welding has only influence on more
or less intensively cooling conditions, but does not have
strong influence on nitrogen amount in WMD when argon
and helium are used as micro-jet gases,

micro-jet injector after welding has strong influence on ni-
trogen amount in WMD when nitrogen is used as micro-jet
gas.

REFERENCES

T. Wegrzyn, Proposal of welding methods in terms of the
amount of oxygen, Archives of Materials Science and Engi-
neering 47, 1, 57-61 (2011).

R. Burdzik, Monitoring system of vibration propagation in ve-
hicles and method of analysing vibration modes, J. Mikulski
(Ed.): Communications in Computer and Information Science,
329, 406-413, Springer, Heidelberg (2012).

B. Slazak, J. Slania, T. Wegrzyn, A.P. Silva, Process Stability
Evaluation of Manual Metal Arc Welding Using Digital Sig-
nals, reprint from VI International Materials Symposium, Ma-
teriais 2011, Guimaries, Portugal, 18-20 Abril 2011, full paper
published in Materials Science Forum Vols. 730-732 (2013)
online www.scientific.net, copywright Trans Tech Publications,
Switzerland, 847-852.

T.Wegrzyn, J. Mirostawski, A. Silva, D. Pinto, M. Miros, Oxide
inclusions in steel welds of car body. Materials Science Forum
2010 vol. 6.

T. Kasuya, Y. Hashiba, S. Ohkita, M. Fuji, Hydrogen distri-
bution in multipass submerged arc weld metals, Science and
Technology of Welding&Joining 6, 4, 261-266 (2001).

J. Stania, Influence of phase transformations in the temperature
ranges of 1250-1000°C and 650-350°C on the ferrite content in
austenitic welds made with T 23 12 LRM3 tubular electrode.
Archives of Metallurgy and Materials, zeszyt 3, (2005).

K. Krasnowski, Influence of Stress Relief Annealing on Me-
chanical Properties and Fatigue Strength of Welded Joints of
Thermo-Mechanically Rolled Structural Steel Grade S420MC.
Archives of Metallurgy 54, 4 (2009).

T. Wegrzyn, Mathematical Equations of the Influence of
Molybdenum and Nitrogen in Welds. Conference of Interna-

ved: 20 September 2014.

(9]

(10]

(1]

(12]

[13]

[14]

[15]

[16]

(17]

tional Society of Offshore and Polar Engineers ISOPE2002,
Kita Kyushu, Japan 2002, Copyright by International Society
of Offshore and Polar Engineers, vol. IV, ISBN 1-880653-58-3,
Cupertino — California — USA 2002.

R. Burdzik, Z. Stanik, J. Warczek, Method of assessing the
impact of material properties on the propagation of vibrations
excited with a single force impulse, Archives of Metallurgy
and Materials 57, 2, 409-416 (2012).

R. Burdzik, P. Folega, B. Lazarz, Z. Stanik, J. Warczek, Analy-
sis of the impact of surface layer parameters on wear intensity
of friction pairs. Arch. Metall. Mater. 57, 4, 987-993 (2012).
G. Golanski, J. Stania, Effect of different heat treatments on
microstructure and mechanical properties of the martensitic
GX12CrMoVNDbNO1 cast steel. Archives of Metallurgy and
Materials, zeszyt 4, (2012).

T. Wegrzyn, J. Piwnik, D. Hadrys, R. Wieszala, Car body weld-
ing with micro-jet cooling, Archives of Materials Science and
Engineering 49, 1, (2011).

K. Lukaszkowicz, A. Kriz, J. Sondor, Structure and adhe-
sion of thin coatings deposited by PVD technology on the
X6CrNiMoTil17-12-2 and X40 CrMoV5-1 steel substrates,
Archives of Materials Science and Engineering 51, 40-47
(2011).

D. Hadrys, M. Miros, Coeflicient of restitution of model re-
paired car body parts; Journal of Achievements in Material
and Manufacturing Engineering 28, 1, Ryn, Maj 2008.

G. Perun, B. Lazarz, Modelling of power transmission systems
for design optimization and diagnostics of gear in operational
conditions. Solid State Phenomena 210, 1012-0394, Mecha-
tronic systems, mechanics and materials II. Selected, peer re-
viewed papers from the Symposium on Mechatronics Systems,
Mechanics and Materials 2013, October 9-10, 2013, Jastrzgbia
Goéra, Poland. Eds: J. Garus, P. Szymak. Stafa-Zurich: Trans
Tech Publications, 108-114 (2014).

G. Perufi, J. Warczek, R. Burdzik, B. Lazarz, Simulation and
laboratory studies on the influence of selected engineering and
operational parameters on gear transmission vibroactivity. Key
Engineering Materials; vol. 588 1662-9795, Smart diagnostics
V. Selected, peer reviewed papers from the 5th International
Congress of Technical Diagnostics, Krakow, Poland, September
3-5, 2012. Ed. by T. Uhl. Stafa-Zurich : Trans Tech Publica-
tions, 266-275 (2014).

P. Folgga, FEM analysis of the options of using composite
materials in flexsplines. Archives of Materials Science and En-
gineering 51, 1, 55-60 (2011).



