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Research and practice on improving
the oxygen content of welding steel
wire rod ER70S-6

T. Chen, M. Yi, Y. Liu, X. Zhang, H. Luo

The effect of deoxidation process during tapping on the non-metallic inclusions control in welding steel ER705-6 is
investigated in this paper, especially two different deoxidizing process were applied to obtain high oxygen content,
and the characteristic of inclusions were studied and compared. To produce ER705-6, aluminum containing deoxi-
dizers are generally charged into molten steel during tapping, thereby stable alloy yield and high steel cleanliness
could be achieved. However, the product of aluminum deoxidization is Al203 with high melting point and high elastic
modulus, which leads to drawing crack and nozzle clogging. Nozzle clogging is also harmful to the steel cleanliness,
and finally resulting in economic losses and production safe. In this study, the effect of Al-Si-Mn complex deoxidation
was investigated. Although the amount of inclusions increased significantly from 66.4 to 213.5 per square millimeter,
the inclusion type changed to silicate with lower elastic modulus, and the average diameter decreased from 1.32um to
1.09um, which both ensured the good drawing performance of ER705-6 wire rod. Furthermore, considering that oxy-
gen element could reduce molten steel surface tension and viscosity, the amount of oxygen under the new deoxida-
tion process increases to more than 60ppm and 100ppm which is 3 times than original process, and it is more favorable
for the welding performance, such as improving soldering seam formation and reducing metal spattering. The ER705-6
wire rod produced by the new process has reached a few thousands tons, and there were no defects during subsequent

works.
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INTRODUCTION

Oxygen and sulfur exist as non-metallic inclusions

in steel, which are the main factors causing fractures
during the drawing process of wire rods, especially
oxide inclusions with large size and poor deformation
ability!®, ER70S-6, a typical welding steel wire rod, is
generally controlled to have an oxygen content of no
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amounts in welding steel, which can reduce the splashing
of large particles in the corresponding welding wire. It
is beneficial for welding performancel. Additionally,
small-sized inclusions are also beneficial for improving
the performance of the deposited metal. Therefore,
increasing the oxygen content in steel while eliminating

the influence of inclusions on the drawing performance
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is good to the quality of welding steel wire rod. As to
characteristic parameters of the inclusions, the size, the
type, the quantity,and the distribution are all need to be
paid attention to. Scanning electron microscopy (SEM)
is usually used to detect the inclusions in steellto-13,
Combined withitsenergy spectrumanalysis, the detection
and analysis of the above characteristic parameters can be
carried out simultaneously.

In the production of ER70S-6 wire rod in Shougang
Group, two different oxygen content levels of 60ppm
and 100ppm were obtained by adjusting the producing
process. Two types of refining process were used to
control the inclusions, such as the type, the quantity, and
the size. The inclusions under two different processes

were analyzed and compared.
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EXPERIMENTAL MATERIALS

The samples in this study were taken from industrial
production of ER70S-6 wire rods. The main production
process is EAF - refining process —» continuous casting
with full protection (150mm x 150mm cross section
billet) - high-speed wire rolling (wire rod with a diameter
of 5.5mm) - controlled cooling. Two types of refining
processes, ladle refining (hereinafter referred to as LF)
and bottom blowing argon (hereinafter referred to as AB),
were used desperately, while other processes operations
were same, The amount of Al-contained deoxidizer was
different either, which used in AB process is less than that
of LF process.

Samples were taken randomly from each process. The
main compositions were analyzed by ICP(Inductively
Coupled Plasma Atomic Emission Spectrometer) and an

oxygen nitrogen analyzer. The results are listed in Tab. 1.

Tab.1 - Compositions of ER705-6 wire rods produced by two process,%.

Process Sample No. @ Si Mn P S Al T.0 N
AB 1 0.070 0.90 1.48 0.012 0.0095 <0.002 0.0110 0.0065
LF 2 0.072 0.87 1.50 0.013 0.012 0.005 0.0062 0.0069

By comparison, it can be seen that the main difference
in the composition of two samples is the content of
aluminum and oxygen. Aluminum is lower and oxygen
is higher in sample 1 which is produced by AB process,
while it's opposite in sample 2 by LF process.

EXPERIMENTAL METHODS

Inclusions of the wire rod samples were observed under
a multifunctional desktop scanning electron microscope
(Phenom XL G2). The composition, quantity, size, and
position distribution of inclusions in each sample were
detected and statistically analyzed using the Feature

function. The field of view position is shown in Fig. 1.
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Fig.1 - Schematic diagram of inclusion detection field in the longitudinal section of wire rod sample.

The area of one testing field is about 0.32mm?. The total
area of testing fields of every sample is about 5.5mm?,

RESULTS & ANALYSIS

Amount and type of inclusions

Tab. 2 lists the quantities of various types of inclusions in
the samples.
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Tab.2 - Type & amount of inclusions.

Inclusions Type Sample 1 Sample 2

Ca-Al-Si-Mn-0 (Ca-Al-Si-O-MnS) 99 108
Ca-Si-Mn-0 (Ca-Si-Mn-0-MnS) 11 6
AL-Si-Mn-0 (Al-Si-Mn-0-MnS) 607 28
Al-O (Al-O-MnS) & MgO-Al203 0 6

Si-Mn-0 (Si-Mn-0-MnS) 440 202
(single) MnS 17 15

Total 1174 365

The types of inclusions in the wire rod are basically the
same in both processes, various types of oxides, sulfides
and their mixtures, but different in amount. For ER705-6
steel, the deoxidation process in production practice
is actually a composite deoxidation of Al, Si, and Mn.
Therefore, the deoxidation products should be oxides
and their mixtures of Al, Si, and Mn. Most of the Ca comes
from the evolution under the influence of refining slag,
and a very small amount comes from the introduction

of alloys such as SiFe. Comparing the same type of

Oxide,
30.9%

MnS
1.4%

Mixture of
and MnS, 6

inclusions under two different processes, it can also be
seen that more inclusions in sample 2 are affected by Ca,
such as Al-Si-Mn-0O particles, which transform into Ca-Al-
Si-Mn-0 in a higher proportion and quantity, consistent
with the process. It could be calculated that the amount
ofinclusions increased significantly from 66.4 to 213.5 per
square millimeter

Fig. 2 shows the statistical results of oxides and sulfides

under two different process routes.

Fig.2 - Statistics of Inclusion Types in ER705-6 Wire Rods a) Sample 1, b) Sample 2.

Itis shown that under the two process routes, the types of
inclusions in the wire rod are basically the same, mostly a
mixture of various types of oxides and sulfides, followed
by various types of oxides, and pure compound MnS only
exists in avery small amount. Due to different deoxidation
processes, there are small amounts of alumina and
magnesium aluminum spinel particles in sample 2. This
type ofinclusionwas notfoundin sample 1. Inaddition, the
proportion of the mixture in sample 2 is much higher than

that in sample 1, which corresponds to the comparison of
the number of oxide and sulfide inclusions.

Fig. 3 shows the quantity and proportion of various
types of inclusions. Here the mixture is included in the
corresponding oxides, and MnS is only included in the

pure amount.
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Fig.3 - Quantity of Different Types of Inclusions in ER705-6 Wire Rod a) Sample 1, b) Sample 2.

Itis shown fromthe statistical results that the various oxide
inclusionsin Samples 1, in desending order of quantity, are
Al-Si-Mn-0, Si-Mn-0, Ca-Al-Si Mn-0, and Ca-Si-Mn-0O.
The first two types are accounting for approximately 89%
in total. Listed in the same way of sample 2, they are Si-
Mn-0, Ca-Al-Si-Mn-0, Al-Si-Mn-0, Ca-Si-Mn-0, and Al

(Mg) - O. The first two types are accounting for about 85%
in total.

COMPOSITIONS OF INCLUSIONS
The content of main elements, such as Ca, Al, Si, and Mn,
of various types of inclusions are shown in Fig. 4.
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Fig.4 - Main Element Content of Various Types of Inclusions in ER705-6 Wire Rod.

It can be seen that: Firstly, Al, Si, and Mn are the main
elements in the inclusions, and even particles containing
Ca have lower Ca content, especially in sample 1, which is
further reduced comparedto sample 2. Secondly, interms
of Si content in particles of the same type of inclusion, the
average of sample 1 is slightly lower than that of sample 2.
Thirdly, in Ca-Al-Si-O and Al-Si-O type inclusions, the Al
content in sample 2 is high and Si is low, while in sample
1, Siis high and Al is low, which is consistent with the
deoxidation process (Al content in the steel).

The elements in the inclusions are mainly Al, Si, and
Mn. Even those particles containing Ca, the Ca content
is relatively low, especially in sample 1, which is further
reduced compared to the sample 2. As to the Si content in
the same type of inclusions, the average value of sample
1 is slightly lower than that of sample 2. In Ca-Al-Si-Mn-0
and Al-Si-Mn-0O inclusions, the Al content in sample 2
is high and Si is low. However in sample 1, Si is high and
Al is low. This is consistent with both the deoxygenation
process and Al content in the steel.
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SIZE OF INCLUSIONS
Tab. 3 lists the size of various types of inclusions in the
samples under two different processes.
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Tab. 3 - Size of each type of inclusion in ER70S-6 Wire rod

Tab.1 - Caratteristiche disponibili e ricavate dei materiali carboniosi considerati (la definizione della tipologia
di materiale corrisponde a quella fornita dal fornitore).

Sample 1 Sample 2
Ca-Al-Si- Ca-Si- Al-Si- ] Ca-Al-Si- Ca-Si- Al-Si- :
Mn-O Mn-O Mn-O Si-Mn-0O MnS Mn-O Mn-O Al-(Mg)-O Mn-O Si-Mn-O MnS
Max 7.346 1.312 4.284 3.636 3.084 6.501 6.596 4.835 6.217 2.181 2.809
Min 0.636 0.551 0.581 0.551 0.842 0.711 0.801 0.918 0.687 0.519 0.757
Ave 1.302 0.915 1.22 1.005 1.234 1.583 2,126 2,338 1.457 0.949 1.376

The average size (hereinafter referred to as ECD,
equivalent calculated diameter) of inclusions is based on
the assumption that all inclusions are spherical. ECD of
most types of inclusions in sample 1 is smaller than that
in sample 2, only Si-Mn-0O inclusions are slightly larger.

Si-Mn-0Oinclusions are the only type with a larger amount

shared by the two samples. It is also the smaller size
inclusion type among all existing types. Total calculated,
the inclusions average size of sample 1 is 1.09um, and it's
much smaller than sample 2, which average sizeis 1.32um.
Fig.5 shows the distribution of various types of inclusions

size.
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Fig.5 - Size distribution of various types of inclusions.

It can be seen that the size distribution of inclusions
under the two processes has both similarities and
differences according to their types. Those aspects with
similar characters include: if calcium modification is not
considered, small-sized inclusions are mainly Si-Mn
composite deoxygenation products. Asthe sizeincreases,
inclusions gradually transition to Al-Si-Mn type, but there

are differences in the specific proportion.

As to sample 1, small-size (<0.8um) inclusions are mainly
Si-Mn-0 type, but the proportion of Al-Si-Mn-O type
has significantly increased when the size is greater than
0.8um. As to sample 2, the small-sized (<1.0um) inclusions
are Si-Mn-0 type. When the size is in the range of 1.0um
and 1.5pm, the proportion of Si-Mn-O type and Al-Si-
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Mn-O type is basically equivalent. Inclusions with a size of
>1.5um is mostly the Al-Si-Mn-O type in quantity, while Al
oxides and spinel inclusions also appear;

The differences also include: the effect of calcium
treatment is more obvious on sample 2, so it can be seen
that sample 1 still mainly belongs to the type before
calciumtreatment, whichisrelated to the differentrefining
process cycles. It can be found that the modification effect
of calcium is more prominent on the type of Al-Si-Mn-0O,
while the Si-Mn-O type is less affected, only showing
performance on larger sized inclusion particles, In fact,

the Al-Si-Mn-O type also shows a trend of increasing the

Memorie scientifiche - Forno Elettrico

proportion of modification with increasing size, which is
also the effect of calcium on the modification of inclusions,
forming lower melting point inclusions, increasing size,
and making them easier to float and remove. In general,
Ca treatment has more obvious influence on larger-sized

inclusions.

DISLOCATION OF INCLUSIONS

Fig.6 plot the positions of relatively large amounts of Si-
Mn-0, Ca-Al-Si-O, and Al-Si-O types (including mixtures)
inclusions of both samples.
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Fig.6 - Distribution of Main Types of Inclusions in ER705-6 Wire Rod a,b,c) Sample 1; d,e,f) Sample 2.

As shown in the fig.6, the distribution of various types
of inclusions in the wire rod can be considered random
or even. It can also be more intuitively observed that
compared to sample 1, more Al-Si-O inclusions in sample
2 transform into Ca-Al-Si-O.

DEFORMATION OF INCLUSIONS

During rolling, the inclusions extend as steel transforms.
The deformation rate, here which is defined as the
maximum diameter of inclusion particle divide the
minimum diameter (Dmax/Dmin), is closely related to
the elastic modulus of inclusionst*3, It is found that this
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deformation rate is also related to the size of inclusions,

as shown in fig.7.
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Fig.7 - Relation of the inclusions deformation rate during steel rolling and the inclusion size.

It can be seen that, in general the smaller the inclusion is,
the more difficult to deform. The deformation of inclusion
particles duringhotrollingmay be influenced by both their
type and original size. It is inferred that larger particles are
significantly affected by size, while smaller particles are

significantly affected by type.

Vertical to the rolling direction, the test field is divided
into five groups, and each group is named sequentially
from 1 to 5, as shown in fig. 12. The statistical results of
inclusions deformation rate of each sample under two

refining process are also illustrated in fig.8.
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Fig.8 - Deformation of inclusions in the radial grouping field of view a) Sample 1, ¢) Sample 2.

Theinclusion amount per unit area of each group was also
counted, however from the statistical results, it can be
seen that there is no obvious pattern in the distribution of
radial inclusions.

Fromthestatisticalresults,itcanbeseenthat: 1) onasingle

sample, under two refining processes, the elongation
deformation rate of inclusions in each group after radial
grouping does not show a significant correlation with the
position of each group; 2) Comparing the two refining

processes, the deformation rate of inclusions in the coil

La Metallurgia Italiana - March 2024

pagina 41



La Metallurgia Italiana

International Journal of the Italian Association for Metallurgy

under the Ar blowing process is relatively high, which
should be related to the small original size of inclusions
in the sample, and also supports the previous analysis of
fragmentation during inclusion rolling process.

Based on the above analysis, it is believed that for this type
of small-sized wire rod (¢Due to the large compression
ratio (about 948), the elongation deformation at the edges
and center of the steel billet is significant, masking the
differences in surface deformation. Some studies have
also found that during rolling, due to the dragging effect
of the rolls on the surface position, the actual maximum
deformation position is at R/2, which is inconsistent with
the conclusion of this experiment. Therefore, further

research is needed in this direction.
CONCLUSIONS

Thousands of tons of ER70S-6 wire rods have been

produced in the above experimental process, and the
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whole production goes smoothly.

The success rate of steelmaking by experimental process
is 100%, the pass rate of billetes is more than 99%, and the
yield rate of wire rods exceeds 97%. All of the economic
and technical indicators are equivalent to conventional
process.

In terms of usage, the drawing performance of the wire
rod is excellent, and no abnormal drawing fracture has
been reported.

The oxygen content in ER70S-6 wire rods produced in
experimental process is about 110ppm, which is almost
two or three times of that of conventional process.
Oxygen in welding electrods is beneficial for welding
performance as it can reduce welding spatter, increase the
aspect ratio of the weld seam, and form a wide weld seam.
More research will be carried out on welding performance

of experimental ER70S-6 based on this research work.
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