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Abstract—The use of metallurgical wastes in welding f luxes is considered. A new welding f lux based on slag
from silicomanganese production is proposed, along with the corresponding manufacturing technology. The
quality of the weld seams is studied by metallographic analysis. The grain size and content of nonmetallic
inclusions are determined. An Olympus GX-51 optical microscope is used for metallographic analysis (mag-
nification ×100–1000). The influence of the fractional composition on the performance of the f luxes is stud-
ied. The optimal fraction is chosen, ensuring low content of nonmetallic inclusions (in particular, nonde-
forming silicates and oxides) in the weld seam. If 30–40% of the small fraction of welding flux is employed, the
content of nonmetallic oxide inclusions in the weld seam is reduced. Metallographic analysis shows that intro-
ducing the small fraction has no effect on the structural components of the weld seam. The seam is characterized
by ferrite–pearlite structure. The ferrite is present in the form of grains extended in the direction of heat transfer.
The optimal content of the <0.45 mm fraction in the welding flux is 30–40%. To improve flux performance, the
small fraction may be mixed with liquid glass. The use of ceramic flux produced from the dust of silicomanga-
nese slag (<0.45 mm fraction) bound by liquid glass reduces the content of nonmetallic inclusions in the weld
seam. However, increase in the content of liquid glass from 15 to 40% has little effect on the content of nonme-
tallic oxide inclusions in the weld seam or on the microstructure. The microstructure in the weld seam consists
of pearlite and ferrite. The optimal flux consists of the small fraction with 15–20% liquid glass.

Keywords: welding, f lux, metal quality, silicomanganese slag, chemical composition, microstructure, grain
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The creation of new welding fluxes is of great interest
in Russia and elsewhere [1–18]. In the present work, we
propose the use of slag from silicomanganese produc-
tion in the manufacture of welding fluxes [17, 20]. This
technology has been patented [21, 22].

The composition of the slag from silicomanganese
production is as follows:

6.91–9.62% Al2O3, 22.85–31.70% CaO, 46.46–
48.16% SiO2, 0.27–0.81% FeO, 6.48–7.92% MgO,
8.01–8.43% MnO, 0.28–0.76% F, 0.26–0.36%
Na2O, up to 0.62% K2O, 0.15–0.17% S, 0.01 P.

We consider two series of experiments. In the first,
the use of slags with different fractional composition is
investigated:
Sample Fractional composition

First series of experiments
1 100% 0.45–2.5 mm fraction

2 95% % 0.45–2.5 mm fraction + 5% <0.45 mm 
fraction

3 90% % 0.45–2.5 mm fraction + 10% <0.45 mm 
fraction

4 85% % 0.45–2.5 mm fraction + 15% <0.45 mm 
fraction

5 80% % 0.45–2.5 mm fraction + 20% <0.45 mm 
fraction

6 70% % 0.45–2.5 mm fraction + 30% <0.45 mm 
fraction

7 60% % 0.45–2.5 mm fraction + 40% <0.45 mm 
fraction
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In the second series of experiments, we consider
the use of ceramic f lux with different proportions of
the silicomanganese slag and liquid glass:
Sample Fractional composition

Second series of experiments
8 60% silicomanganese slag + 40% liquid glass
9 70% silicomanganese slag + 30% liquid glass

10 80% silicomanganese slag + 20% liquid glass
11 85% silicomanganese slag + 15% liquid glass

We investigate the butt welding of 500 × 75 mm
09G2S sheet steel samples (thickness 16 mm), without
bending of the edges, on two sides. We use Sv-08GA
welding wire and an ASAW-1250 welding system: Iwe =
700 A; Uarc = 30 V; Vwe = 35 m/h.

Samples cut from the welded plates are subjected to
X-ray spectral analysis and metallographic investiga-
tion of the weld seam. Table 1 presents the chemical
composition of the slag crust, while Table 2 presents
the composition of the weld seam.

Table 1. Chemical composition of slag crust

Sample
Content, %

MnO SiO2 CaO MgO Al2O3 FeO Na2O K2O F S P

First series of experiments
1 7.90 46.04 23.38 6.77 10.08 2.07 0.37 0.65 0.73 0.13 0.01
2 7.87 45.58 31.82 6.62 6.77 1.35 0.26 @отс. 0.32 0.11 0.01
3 7.83 44.54 23.84 6.43 9.64 3.59 0.37 0.65 0.69 0.12 0.008
4 8.09 45.91 31.15 6.60 6.79 1.39 0.27 @отс. 0.29 0.11 0.01
5 7.93 45.67 23.84 6.54 9.87 2.86 0.37 0.65 0.72 0.12 0.008
6 8.16 45.74 29.39 6.22 6.93 1.99 0.26 @отс. 0.36 0.12 0.01
7 8.23 45.52 29.12 6.29 6.65 1.88 0.28 @отс. 0.26 0.12 0.01

Second series of experiments
8 8.19 48.79 24.42 4.82 5.14 2.45 3.64 0.35 0.09 0.01 –
9 8.29 49.92 26.12 5.37 5.60 2.64 3.25 0.37 0.10 0.01 –

10 8.16 48.25 26.32 5.22 6.02 2.17 2.12 0.33 0.12 0.01 –
11 8.18 48.09 27.24 5.67 6.36 1.97 1.64 0.34 0.12 0.01 –

Table 2. Chemical composition of weld seam

Sample
Content, %

C Si Mn Cr Ni Cu V Nb Al S P

First series of experiments

1 0.09 0.71 0.51 0.03 0.10 0.11 0.001 0.014 0.023 0.018 0.012

2 0.08 0.54 1.33 0.04 0.05 0.08 0.003 0.014 0.015 0.008 0.008

3 0.09 0.61 1.49 0.04 0.11 0.11 0.01 0.013 0.018 0.016 0.010

4 0.07 0.45 1.24 0.02 0.05 0.07 0.002 0.014 0.014 0.006 0.007

5 0.08 0.66 1.42 0.03 0.10 0.11 0.002 0.015 0.023 0.018 0.012

6 0.08 0.61 1.42 0.02 0.06 0.08 0.003 0.014 0.029 0.010 0.011

7 0.08 0.59 1.39 0.02 0.02 0.05 0.004 0.018 0.091 0.014 0.009

Second series of experiments

8 0.05 0.52 1.25 0.02 0.04 0.05 0.003 0.017 0.020 0.005 0.007

9 0.03 0.51 1.23 0.02 0.04 0.06 0.002 0.017 0.017 0.007 0.008

10 0.06 0.53 1.31 0.02 0.04 0.06 0.004 0.016 0.018 0.012 0.009

11 0.09 0.52 1.31 0.02 0.04 0.06 0.003 0.015 0.013 0.010 0.008
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Fig. 1. Nonmetallic oxide inclusions in the weld seam of samples 1–11 (a–k, respectively).
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An Olympus GX-51 optical microscope is used for
metallographic analysis (magnification ×100). In
Figs. 1a–1g, we show the data regarding nonmetallic
inclusions in the weld seam (determined in accor-
dance with State Standard GOST 1778–70). We also
obtain the following results:

Note that brittle silicates are only present in sample 1 (score 3b).

Sample Nondeforming silicates, size 
score

Point oxides, size 
score

First series of experiments
1 4b; 3b; 4a 1a
2 2b; 1b; 3a; 4a 1a; 2a
3 4b; 2b 1a; 2a
4 2b; 4b 1a; 2a
5 4b; 5b; 3b 1a; 2a
6 2b; 1b; 2a; 2.5a 1a; 2a
7 2b; 2a; 2.5a 1a; 2a

Second series of experiments
8 2b; 1b; 2a; 2.5a 1a
9 2b; 1b; 2a; 2.5a 1a

10 2b; 1b; 2a; 2.5a 1a; 2a
11 2b; 2.5a 1a; 2a

Analysis shows that increasing the content of the
small fraction to 30% does not much change the con-
tent of nonmetallic oxide inclusions in the weld seam.
However, in the range 30–40%, the content of nonde-
forming silicates in the weld seam declines.

The structure of the metal near the weld seam is
studied metallographically by means of an Olympus
GX-51 optical microscope in a light field (magnifica-
tion ×100–1000), after surface etching in 4% nitric-
acid solution. The grain size is determined in accor-
dance with State Standard GOST 5639–82. In Fig. 2,
we show the microstructure of the weld seam (at ×500
magnification).

For samples 1–7, ferrite is present at the weld seam
in the form of grains extended in the direction of heat
transfer. We note a transition from uniform ferrite–
pearlite structure to a Widmanstatten structure with
pearlite and ferrite. No particle change in grain size is
observed (in terms of the scale in State Standard
GOST 5639–82:

Sample Grain size
First series of experiments

1 4, 5
2 5, 4
3 4, 5, 6
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In the second series of experiments (samples 8–11),
we study the possibility of welding with ceramic f lux
produced from dust consisting of silicomanganese slag
(>0.45 mm slag), with liquid glass as the binder. This
flux is produced by mixing the silicomanganese slag

4 4
5 5, 4
6 4
7 4
Second series of experiments
8 5, 4
9 4, 5

10 4
11 4, 5

with liquid glass in different proportions (presented
earlier), drying, crushing, and screening to obtain the
0.45–2.5 mm fraction.

Table 3 presents the chemical composition of weld-
ing f luxes 8–11. Tables 1 and 2 present the corre-
sponding composition of the slag crust and weld seam.

The content of nonmetallic oxide inclusions in the
weld seam (determined in accordance with State Stan-
dard GOST 1778–70) for samples 8–11 is shown in
Figs. 1h–1k and in Table 3. Analysis indicates that
introducing liquid glass in the small silicomanganese
fraction lowers the content of nonmetallic inclusions
in the weld seam. However, further increase in the
content of liquid glass from 15 to 40% has little effect

Fig. 2. Microstructure in the weld seam of samples 1–11 (a–k, respectively).
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Table 3. Chemical composition of welding f luxes

Sample
Content, %

Al2O3 CaO SiO2 FeO MgO MnO F Na2O S P

8 5.29 25.84 51.75 0.55 5.02 7.39 0.36 4.66 0.12 0.01
9 5.48 26.68 51.73 0.57 5.16 7.59 0.39 4.19 0.13 0.01

10 5.88 25.53 52.53 0.56 5.07 7.75 0.31 4.07 0.13 0.01
11 6.55 26.81 51.14 0.56 5.78 8.10 0.35 2.62 0.14 0.01
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on the content of nonmetallic oxide inclusions in the
weld seam or on the microstructure.

The microstructure in the weld seam of samples 8–11
is shown in Figs. 2h–2k. We note a Widmanstatten
structure with pearlite and ferrite. Little change in
grain size is seen, as is evident from the data presented
earlier.

CONCLUSIONS
In principle, the small fraction of silicomanganese

slag may be used in the production of welding f luxes.
Metallographic analysis shows that the content of
nonmetallic oxide inclusions in the weld seam is
reduced if 30–40% of the small fraction of welding
flux is employed. This has no effect on the structural
components of the weld seam. The optimal content of
the <0.45 mm fraction in the welding f lux is 30–40%.

To improve f lux performance, the small fraction
may be mixed with liquid glass. The introduction of
liquid glass reduces the content of nonmetallic inclu-
sions in the weld seam. However, increase in the con-
tent of liquid glass from 15 to 40% has little effect on
the content of nonmetallic oxide inclusions in the
weld seam or on the microstructure. The optimal f lux
consists of the small fraction with 15–20% liquid glass.
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