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Abstract

The article deals with the issue of technological thinking in the process of material security of supply chains of
a selected group of products in the field of metallurgical secondary production. The commercial potential of
this distribution, redistribution of low-carbon wire products and low-carbon materials from metallurgical
secondary production, which is redistributed over long distances from the place of production to the place of
consumption with the necessary requirements to control incoming materials into production and subsequent
final processing. The research performed on the material of the thus redistributed selected sample showed
partial differences in the deviations of the given declared values and thus an inaccurate interpretation of the
accompanying data to the materials. The authors prove the fact on the given example of analysis of delivered
redistribution samples.
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1. INTRODUCTION

Material safety in the supply chains of low-carbon wire in the Czech Republic across selected operations in
secondary metallurgical production has certain drawbacks which are in need of attention. The distribution and
redistribution of products using low-carbon wire and low carbon materials in metallurgical secondary production
and additional redistribution over long distances from the place of production to the place of consumption
results in certain commercial conditions. These conditions include checking the materials before entry into
production and during final processing at processing operations and assessing the risks of material safety.

The aim of the paper is to raise attention to the research findings on material safety in low-carbon wire and
low-carbon material supply chains in selected operations of secondary metallurgical production in the Czech
Republic.

2. LOW-CARBON WIRE MATERIAL SAFETY ISSUES

The material safety issues of low-carbon wire in the Czech Republic highlight important requirements in
checking materials entering production and during final processing at processing operations. These issues are
a result of the disconnection between unified technological processes governing the long-distance
transportation of materials. Research compiled on selected samples of redistributed materials reveals partial
differences in declared values, and hence, inconsistent interpretation of the accompanying data on the
supplied materials. If these materials are used, material safety could be compromised. An example analysis
was conducted on supplied redistribution samples.

Low-carbon wire and low-carbon materials are used in many operations, such as food production, medicine,
defence, and other industries. Many machine parts are constructed from foreign products that use low-carbon
steel, and as a result of low quality, the given products are prone to breakdown. In normal operation, these
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products may cause production downtime that extends to days due to the complexity in servicing and supplying
the part or material.

Low-carbon steel with micro-additions of boron has good ductility and deformability and can be used in place
of low-carbon rimming steels [1,2]. A few information is available regarding the structure and properties of
moderate-carbon steel wire, such as steel 50 wire, after such deformation [3].

2.1. Global steel production

The Czech steel industry is currently facing protectionism issues and attacks on free trade, US tariffs on steel
produced in the EU and other countries, and millions of tonnes of steel being diverted from third world countries
to the open European market. According to the pages of the STEEL UNION, 1.7 mil. tonnes of crude steel
were produced in 2018 in the Czech Republic by April, and exports in the first quarter of 2018 totalled 2 mil.
tonnes, the highest in the country’s history. Imports from third world countries also reached their highest levels,
totalling 40 mil. tonnes across the EU [4-7]. This makes the EU the world’s largest importer of steel [8].
European steel in the figures from the STEEL UNION [9] website shows a clear threat from growing imports,
which increased by 12 % over 2018 (see Figures 1 and 2).

A significant issue concerns rolled and drawn wire. Wire production is a rising trend, but as a result of a
disconnected technology supply chain, orders are being placed with third countries. South Africa has the
highest intensity of impact in iron mining on unit GDP (4.35E-4 TNI / US $) and Canada has the highest
intensity in steel production (5.81E-3 TNI/ US $) [10].
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Figure 1 Statistics from EUROFER and the Steel Union [1,4]

2.2. Findings

Consequences of low-carbon steel production trends in connection with distribution:

. Disconnection of the production and supply chain of low-carbon steel depends on the ordering system
and amount of production required.
. Economic motivation for production and demand.

. Coverage and interconnection of IT processes between demand, production and economic spheres.
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Figure 2 Statistics from EUROFER and the Steel Union [1,4]

3. DIAGNOSTICS OF LOW-CARBON STEEL SAMPLE MATERIALS

Research diagnostics were performed on two sheet metal items
then, it became evident that a small series order of materials
deliver. The nominal composition of the steel is shown in Table

(15260 steel) subjected to burst tests. Already
is a time-consuming process for suppliers to
1.

Many different metals and alloys can be used to produce different types of equipment that are part of a

chemical process [11].

Table 1 Nominal chemical composition of 15260 steel (wt%) [3]

Steel C Mn Si Cr

\ Ni P S

15260 | 0.47-55 | 0.70-1.00 | 0.15-0.40 | 0.90-1.20 | 0.10-0.20 | max.0.3 | max.0.035 | max. 0.035

Six SEM analyses of the fracture surface area were performed on six samples after a tensile test to determine

the differences between the three series of samples and the ch
The chemical representation of the items corresponds to the s
Mn-Cr-V Steel (Table 2).

emical analysis of the OES (Tables 2 and 3).
tandard CSN 41 5260 for the material 15260

Table 2 Results of the optical emission spectrometry (OES) analysis of samples (wt%)

Sample C Si Mn P S Cr Ni Mo Al Cu Co Ti Nb

Sheet 0.54 | 0.218 | 0.79 | 0.015 | 0.0071 | 1.01 | 0.053 | 0.0097 | 0.027 | 0.013 | 0.018 | 0.0036 | <0.004

c2 0.54 | 0.231 | 0.82 | 0.017 | 0.0072 | 1.02 | 0.057 | O.

011 | 0.032 | 0.014 | 0.020 | 0.0046 | <0.004

Sample V W Pb Mg B Sn Zn As Bi Ca Zr Fe

Sheet | 0.108 | <0.001 | <0.003 | 0.002 | 0.0009 | 0.0052 | <O.

002 | 0.006 | 0.0077 | 0.0024 | <0.003 | 97.2

Cc2 0.109 | <0.001 | <0.003 | 0.0019 | 0.0012 | 0.0052 | <O.

002 | 0.0076 | 0.0094 | 0.0027 | 0.0035 | 97.1
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Table 3 Tensile test results and 15260 steel sheet hardness

Sample Rp 0.2 (MPa) Rm (MPa) Hardness HRC
Al 1807 1908 49.2
A2 1810 1941 49.6
A3 1806 1901 49.8
Bl 1577 1643 44.0
B2 1552 1599 45.3
B3 1568 1619 44.4
C1l 1536 1638 44.9
C2 1566 1657 45.4
C3 1557 1624 45.4

Figure 3 Burst test control samples

Samples A, B and C in Figure 3 show the same black finish, with the following differences:

. Sample A was hardened to 54 + 2 HRC.
. Samples B and C were hardened to 49 + 2 HRC.
. Sample C had also been blasted; the shift in yield strength was not verified.

a) Sample A3 b) Sample B3 ¢) Sample C3

Figure 4 SEM images of the fracture surface areas after tensile tests
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The images of SEM analysis of the fracture surface areas after tensile tests shown in Figure 4 indicate the
following: the fracture surfaces of all documented samples correspond to transcrystalline ductile fractures with
dimple morphology. The size of the dimples appears to be essentially the same in all samples. No morphology
differences were observed between the type A samples with a higher HRC hardness and the type B and C
samples. To a small extent, some samples also had larger dimples where coarser non-metallic inclusions were
observed (Figure 5). At low magnification, relatively coarse non-metallic inclusions were observed on the
fracture surfaces of the samples. These inclusions can lead to premature failure of the material during tensile
tests.

a) Sample A3 b) Sample C2 ¢) Sample C3
Figure 5 SEM images of the fracture surface areas with non-metallic inclusions

The quarry was non-standard. There was a failure of the material outside the middle part without plastic
deformation, which indicates that the material is quite hard and premature fracture can be affected by the
inclusions present, as demonstrated by detailed SEM analysis. The fact that in practically all cases the line of
destruction is obligue may be related to the rolling direction of the supplied sheet.

3.1. Results

Researching and inspecting the materials produced by third parties and subsequently supplied by Czech
subcontractors due to demand for small quantities of small parts and component production leads to an
increase in input checks. Consequential factors affecting purchasing from third countries:

1) Pressure from the manufacturer on the price of the final product.
2) Pressure on the delivered quantity depending on reductions in production.

3) Disconnection in the production and supply chain over long distances from the place of production to
the place of consumption.

4) Resultant and necessary diagnostics in inter-operational inspections to guarantee the final product
quality.

5) Higher service costs for warranties and repairs.

6) More time needed for servicing during warranty repairs.

7) More time needed for delivery.

8) Essential document interpretation checks.

The findings on material safety in low-carbon materials and wire supply chains in selected secondary
metallurgical production in the Czech Republic highlight the draw backs for competitiveness and require
increased attention in companies across the country and the EU. Low-carbon materials introduce a diagnostic
point in the process beginning with purchasing up to finalizing production and end use.
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4. CONCLUSION

The issue of material safety in low-carbon wire therefore demands attention regarding the technological
process of disconnection and long-distance transportation from third countries. A large number of logistical
steps and associated handling operations have been created, which have moved analysis of operation control
into the area of simulation and virtual reality control and spreadsheet processes.

Currently, this production chain has been interrupted, and Czech subcontractors purchasing from third party
producers in China, India, etc, have been supplying customers with low quantities in unknown and inconsistent
quality. However, the Czech Republic has its own capability to produce low-carbon quality wire, low-carbon
steel according to customer requirements, but due to the effects illustrated in the above-mentioned findings,
Czech manufacturers are seeing lower demand.

In the 15260 steel sample, the chemical composition was in accordance with the CSN 41 5260 standard. The
character of the fractures after tensile tests was standard for the material given its previous hardening heat
treatment. In all probability, the failure of material during the tensile test was caused by internal inclusions of
non-metallic origin.
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