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in comparison with applied today powders of spherical shape are described. The results of
metallographic investigation of samples derived from the experimental powders are presented, which
showed a good level of layer adhesion without visible discontinuities.

Keywords: additive technologies; titanium; powder; particles; shape; fractions; surface; layer;
compaction; fusion; structure; properties.

Cmamms naoivuna 25.04.2024 p.

VIK 621.791.753.042 doi.org/10.31498/2522-9990272024303159
Ilerunin C.B., lllerunina B.1., Bosenko I.B.

PROCESS OF ARGON-ARC SURFACING OF BLAST FURNACE CHARGING
APPARATUS AT LOW POWER CONSUMPTION

The feeding apparatus, which ensures the loading of charge materials into the blast furnace,
operates under high specific dynamic loads caused by ore, coke, sinter, abrasive and gas-abrasive
wear, high temperatures and aggressive environments. Increasing the wear resistance of charging
machines reduces production costs, improves the quality of pig iron and increases the efficiency of
metallurgical production. Therefore, increasing the crack resistance and wear resistance of backfill
machines is an important scientific and technical problem.

Keywords: filling apparatus, argon arc surfacing, influence of arc concentration,
microstructure grinding.

Problem statement. The cone of the backfill machine is made of steel 30L. However, the
operating conditions, under the influence of abrasive and gas-abrasive wear, require that the hardness
of the deposited metal should be at least 55 HRC, which is ensured by a high carbon content of 5.5%,
chromium 20.2% and the formation of chromium carbides. Cracks are allowed when surfacing the
protective surface of a cone with a width of no more than 1.5 mm and a contact surface of no more
than 0.3 mm. Therefore, the study of the crack formation mechanism and the development of a high-
speed surfacing process at low power consumption, which ensures an increase in crack resistance and
wear resistance of blast furnace charging apparatus, is an important scientific and technical problem.

It is well known that the susceptibility to cracking increases with increasing carbon content. An
effective way to increase crack resistance is high-speed surfacing at low power consumption, which
reduces welding stresses, grinds the microstructure and increases interatomic bonds, the nature of
which is electromagnetic.

Analysis of recent research and publications. The influence of arc concentration, energy,
speed and surfacing energy on the crack resistance and wear resistance of the deposited metal under
conditions of abrasive and gas-abrasive wear has been insufficiently studied [1-11].

The object of the study. To develop a process of argon-arc high-speed surfacing at low power
consumption of blast furnace charging apparatus with high-carbon chromium cored wire.

The main material of the study. The automatic welding process is a nanoprocess, as the
current flowing through the electrode creates a strong magnetic field and a pinch effect, i.e.
compression under the influence of its own magnetic field. The pinch effect causes a chain reaction -
the compression of the cathode spot under the influence of its own magnetic field reduces the spot
diameter, which strengthens the magnetic field, which leads to a reduction in the spot diameter. The
process continues until the arc breaks. The arc is re-excited at the point where the distance between
the electrodes is smallest, according to the law of least resistance.
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The magnetic field when current flows through a conductor was studied by R.M. White [6].
The presence of a strong magnetic field during welding in the area of the active spot is confirmed by
the fact that the arc acts as a pump that sucks in air from the environment, which is diamagnetic and
draws it into a heterogeneous magnetic field, heats it up and throws it towards the products in the
form of powerful plasma streams, at a speed of up to 103 m/s [7]. Powerful plasma streams create
welding arc pressure, which depends on the movement of the active spot by the electrode end.
However, the magnetic field of the welding current has not been studied sufficiently.

At high-speed surfacing at low power output, due to cooling, the temperature of the outer layers
of the column decreases and the current begins to flow in a narrow channel, the arc concentrates, and
the arc diameter decreases.

To study the effect of arc concentration, deposition rate and power consumption on crack
resistance, a methodology was developed to study the effect of wire diameter on the magnetic field
of the welding current, which is as follows. A direct current of 300 A flows along a welding wire of
different diameters (1.6, 2.8, and 3.6)-103 m and measurements of magnetic field induction on the
wire surface are made. The measurements are made with a teslameter EM4305.

As a result, it was found (Fig. 1.a, b, c) that, with a decrease in the diameter of the wire, the
magnetic field induction increases, in accordance with the Bio-Savar law, according to which the
induction B is directly proportional to the magnetic permeability of the medium p = 47-10-7 Gn/m,
current value I i inversely proportional to the distance from the conductor with current R [7]:
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Figure 1 (a) — Magnetic field of a welding arc on a wire
with a diameter of 3,6 -10° m, current value 300 A
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Figure 1 (b) — Magnetic field of a welding arc on a wire
with a diameter of 2,8-10° m, current value 300 A
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Figure 1 (c) — Magnetic field of a welding arc on a wire
with a diameter of 1,6 -10° m, current value 300A
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On the wire axis, the induction is zero, increases as it approaches the surface and reaches its
maximum value on the wire surface. When the wire diameter decreased from 3,6.10° m to 1,6.103
m, the maximum value of the magnetic field induction of the welding current increased from 0,033
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T to 0,075 T. When moving away from the wire surface, the magnetic field induction initially
decreases sharply and then less significantly. When moving from one arc surface to another, the
induction changes direction to the opposite, in accordance with the direction of the magnetic field
lines. The experimental data are in good agreement with the calculated values, which confirms the
possibility of using the calculated values to determine the magnetic field induction of the welding
arc.

[7]:

The electromagnetic force changes in proportion to the induction, current | and arc length L

F =IBL, H 2)

Proportional to the induction, as the wire diameter decreased, the electromagnetic force
increased from 0,02 H upto 0,045 H (Fig.1)

The magnetic pressure changes quadratically with induction [8], which is directly proportional
to the square of the magnetic field induction B and inversely proportional to the magnetic
permeability of the medium p.:

2
PEM = 5_“, Pa (3)

Magnetic pressure determines the pinch effect, which depends on the diameter of the welding
wire and the area over which the arc moves, arc concentration and heat input. With a decrease in wire
diameter, the magnetic pressure increased from 0,43 kPa to 2,24 kPa (Fig. 1).

As the pinch effect increases, the magnetic pressure increases and the droplet detachment from
the electrode end increases, and the droplet transfer becomes fine-droplet and jet-like. Droplet transfer
determines the layer thickness and the rate of crystallization of the weld pool liquid metal. The process
of crystallization of liquid metal is periodic, the frequency of which is determined by the transfer of
drops. As the pinch effect increases and the droplet size decreases, the thickness of the crystallization
layer decreases and the crack resistance of the weld metal increases.

As established (Fig. 1, Fig. 2), the pinch effect increases with increasing welding current.
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Figure 2 — Magnetic field of the welding arc on a wire with a diameter of 2,8-10" m, current value 750 A
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When the welding current was increased from 300 A to 750 A, the maximum magnetic field
induction increased from 0.043 T to 0.107 T, the electromagnetic force increased from 0,03 N to 0,16
N and the magnetic pressure increased from 0,736 kPa to 4,543 kPa. As a result, the fine-droplet
transfer turns into jet and vapor transfer, which ensures the minimum thickness of crystallization
layers, fine-scale formation and increased crack resistance.

As a result of heat input, during the surfacing process, the metal is exposed to a thermal
deformation cycle that determines the microdistortion of the crystal lattice, microstresses, and
dislocation density [1]. Under the influence of the thermal deformation cycle, the equilibrium of the
liquid metal in the bath is disturbed and welding stresses occur [9] . /v, due to reduced heat input,
deformation of the base metal and welding stresses are reduced [9]:

o= uk g—?, ITa 4
To prevent the formation of cracks, the linear energy with increasing carbon content decreases

(Fig. 3) to 0,5 MJ/m, which reduces heat input, welding stresses, microstructure refinement, reduction
of the interatomic distance, increase of interatomic bonds and crack resistance of the deposited metal.
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Figure 3 — Dependence of the running energy En and the thickness of the deposited metal H as a function
of carbon content

According to the superposition principle, as the amount of weld metal increases, the welding
stresses increase. When welding stresses increase above the tensile strength, cracks form. Therefore,
as the carbon content increases, the thickness of the deposited metal decreases (Fig. 3). When
surfacing backfill machines with a high carbon content, the thickness of the deposited metal is limited
to 17.10" m compared to the support rolls of 25.103 m.

To prevent the liquid metal from flowing out of the weld pool and impairing weld formation, it
IS necessary to reduce the weight and length of the weld pool.

The formation of welds is determined by the forces acting on the arc and the liquid metal of the
weld pool, the size and weight of which is set by the liquid metal spilling out of the pool. In this case,
a portion of the liquid metal is lost and it is difficult to estimate the mass of the weld pool.

To determine the size and weight of the weld pool liquid metal, a method has been developed
that consists of the following. The flux cushion is pressed against the welding plates. At the end of
the weld, the flux is loosely adjacent to the welding plates. One-sided submerged arc welding of plates
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on a flux cushion is performed. After the established welding process in real conditions, when the arc
approaches the place of loose flux fitting, where there is no upward pressure force of the flux cushion,
the balance of forces is disturbed and under the influence of downward arc pressure, magnetic and
hydrodynamic pressure, liquid metal (Fig. 4) flows out of the bath. The developed methodology
makes it possible to estimate the shape, size, and weight of the weld pool. Due to the fact that one-
sided welding with a composite electrode is carried out at high currents, the dimensions and weight
of the weld pool are significant, so the error does not exceed 10%.

It was found that during one-sided welding with a composite electrode on a flux cushion from
a current-carrying wire in the following mode: current 2000 - 2100 A, arc voltage 27 -29 V, welding
speed 0,021 m/s, weld pool length 0.18 m, pool width 0.022 m, pool liquid metal mass 0,101 kg (Fig.
4). The calculated value of 0,099 kg is in good agreement with the experimental data.

6
Figure 4 — Weld pool crater (a) and metal (b)

The advantage of the developed technique, in comparison with the existing splash method, is
as follows: in addition to measuring the size and weight of the weld pool, it allows to determine the
area over which the active spot moves, the position of the arc during welding, the location of the
electrode relative to the leading edge of the crater, and the size of the weld pool crater by the hole left
(Fig. 4). However, an increase in welding current leads to an increase in the weld pool weight, liquid
metal leakage, and impaired weld formation.
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To calculate the mass of the liquid metal of the weld pool, we used the dependence of the time
of metal residence in the liquid state on the power consumption [10], mass and welding speed [11]:

am  _ 0,241Uny

t = 2MAVT;  2mAV Ty )
_ 6B
lp = oVF (6)

where Gg — weight of liquid metal, kg; p — density of metal, 7850 kg/m?;
F — cross-sectional area of the weld metal, m?;
V —welding speed, m/s.
Equating the time spent in the bath in the liquid state, using formulas (5) and (6), we obtain an
expression for the mass of the liquid metal:

_ G, _0241Up,
" pVF 27T,
_028Wn, e g = 9241Un,

Pt O T omr,, )

The calculation and experimental method established that with an increase in the current value,
the mass of the liquid metal of the weld pool increases (Fig. 5), which leads to metal leakage and

disruption of the formation of welds on the end surface, so it is necessary to reduce the current value
and the cross-section of the weld metal.
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Figure 5 — Dependence of the mass of the liquid metal of the weld pool on the current | and arc voltage U

The length of the weld pool, when surfacing a roller to a massive body, is determined for a
powerful fast-moving heat source using the equation for the melting isotherm [10]
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o reduce the time spent by the bath in the liquid state and improve the formation of the deposited
metal, it is necessary to perform high-speed surfacing at low power consumption, which increases the
bath crystallization rate V,,, = V,Cosa and the structure refinement, increases the resistance to the
formation of crystallization and sub-solidus cracks and corrosion resistance of the deposited metal.

With an increase in current, the length of the weld pool (Fig. 6), which is directly proportional
to the effective arc power qu , current | and voltage U and inversely proportional to the thermal
conductivity coefficient A , and melting point TpL, increases [10], which leads to the flow of liquid
metal from the pool and disruption of weld formation.
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Figure 6 — Dependence of weld pool length on current | and arc voltage U

An effective way to reduce the length of the weld pool is to reduce the welding current provided
by argon arc welding by reducing the diameter of the electrode.

The most effective way to prevent liquid metal leakage from the weld pool and weld formation
disruption is high-speed surfacing at low power consumption, which reduces the time the pool
remains in the liquid state by increasing the welding speed and reducing the power consumption (Fig.
7).
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Figure 7 — Dependence of weld pool lifetime on deposition rate (1) and power consumption (2)
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Based on the research and established patterns, a high-speed surfacing process was developed
for low power consumption of backfill machines.

Surfacing is performed on a horizontally positioned plate, which makes it difficult to keep the
liquid metal from flowing out of the weld pool on a conical surface. The metal is held by the pressure
of the welding arc, due to the location of the electrode at an angle of 90° to the forming conical surface
and 95...100° to the tangential conical surface. To prevent liquid metal from leaking out of the weld
pool and to ensure high-quality weld formation, it is necessary to reduce the length of the weld pool
and its residence time.

During argon arc high-speed surfacing of blast furnace charging apparatus, preliminary and
accompanying heating is performed with gas burners up to 100-150°C. First, the protective surface
is automatically surfaced with high-carbon chromium flux-cored wire with a diameter of 2,8 mm in
the following mode: welding current 550-600 A, arc voltage 29 V, surfacing speed 75 m/h, and line
energy 0,7 MJ/m. Surfacing is performed using direct current of reverse polarity. The angle of
inclination of the torch to the forming conical surface is 90° to the tangential conical surface is
95...100°. After surfacing, slow cooling to a temperature of 50°C is performed.

Then the hardfacing of the contact surface is performed. Prior to surfacing, preliminary and
accompanying heating is performed to 100 - 150°C. The buffer layer is surfaced with chromium-
nickel solid uranium wire ZvO6Kh19N9T, 1.6 mm in diameter in argon in the following mode:
welding current 350 - 400 A, arc voltage 28 - 29 V, deposition rate 75 m/h in two passes, linear energy
0,5 MJ/m.

Preliminary and concomitant heating to 150-200°C for hardfacing of the contact surface is
performed. Surfacing is performed with high-carbon chromium flux-cored wire with a diameter of
2,8 mm in the following mode: welding current 550 - 600 A, arc voltage 29 - 30 V, surfacing speed
75 m/h, running energy 0,7 MJ/m. After surfacing, the process is followed by slow cooling to a
temperature of 50°C. The hardness of the deposited metal on the protective and contact surfaces
should be at least 55 HRC.

Chromium-nickel wire, the concentration of arc and energy, when surfacing the buffer layer,
provides strong adhesion of the deposited metal to the base metal and no delamination.

CONCLUSIONS

1. An effective way to increase crack resistance is to concentrate the arc and energy, which
increases the efficiency of the surfacing process. Concentration of the arc, by reducing the diameter
of the electrode, provides an increase in magnetic field induction, electromagnetic force, magnetic
compression pressure, pinch effect, droplet grinding and microstructure, reduction of welding
stresses, increase in the rate of crystallization of the weld pool metal, crack resistance and wear
resistance of the deposited metal.

2. It was found that with an increase in carbon content, the energy per unit length decreases to
0,5 MJ/m, which reduces heat input, welding stresses, increases the rate of liquid metal crystallization,
refines the microstructure, increases the interatomic compression pressure, crack resistance and wear
resistance of the deposited metal.

3. According to the law of superposition, as the amount of deposited metal increases, the
welding stresses increase, which leads to delamination of the deposited metal when the welding
stresses become greater than the interatomic bonds. It has been found that with an increase in carbon
content, the maximum thickness of the deposited metal decreases to reduce welding stresses. To
prevent delamination, the thickness of the deposited metal when surfacing backfill apparatus should
be 12-17 mm.
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4. To prevent metal leakage from the weld pool when surfacing a conical surface, a
methodology for determining the pool weight and an argon arc surfacing process have been developed
that ensures arc concentration, reduction of pool weight and power consumption, and increased crack
resistance and wear resistance.

5. A process of argon-arc high-speed surfacing at low power consumption of blast furnace
charging apparatus with high-carbon chromium cored wire has been developed, which provides
concentration of arc and energy, reduction of heat input and welding stresses, increase in
crystallization rate, microstructure refinement, reduction of interatomic distance, enhancement of
pinch effect and interatomic compression pressures, increase in crack resistance and wear resistance
of apparatus and metal quality.
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IPOIIEC APTOHOJYT'OBOI'O HAIIVIABJIEHHS 3ACUITHUX ATIAPATIB
JJOMEHHUX INEYEW HA HU3BKIV ITOTOHHINA EHEPTTI

3acunnui anapam, axuil 3a0e3neyye 3a6aHMANCEHHA WUXMOBUX MAmMepianié 8 OOMEHHY Niy,
eKCHIIYAmyEMbCsl 8 YMOBAX BUCOKUX NUMOMUX OUHAMIYHUX HABAHMANCEHb NIO 0I€I0 pYouU, KOKCY,
aznomepamy, abpasuéHo2o i 2a30abpa3zi6HO20 3HOCY, BUCOKUX meMmnepamyp i azcpecusHux
cepedosuy. 30inbuleHHs: 3HOCOCMIUKOCMI 3ACUNHUX ANapamis 3HUNCYE cobisapmicmv, NiOBUWLYE
AKicmb  YagyHy I eghekmugHicmb  Memanypeilinoco — eupoonuymea. Tomy,  niosuwyeHHs
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mpiyuHocmitukocmi i 3HOCOCMIUKOCMI 3ACUNHUX anapamié € 6adCIUB0I0 HAYKOBO-MEXHIUHOI
npoobemor.

Knwuoei cnosa: sacunnuii anapam, apeoHooy208e HANIAGNIEHHs, 6NIUE KOHYeHmpayii 0yeu,
NOOPIOHEHHS. MIKDOCMPYKMYPU.

Cmamms naoiuwna 28.04.2024 p.

YK 621.179.92 doi.org/10.31498/2522-9990272024303160
3ycin A.M.

BILIMB PEKUMIB TEPMIYHOI OBPOBKHU HA CTPYKTYPY TA 3HOCOCTIHKICTD
HAIIJIABJIEHOI'O METAJIY PO3POBJIEHUMHU TIOPOIKOBUMU JPOTAMMU 3
A30TOM

Ilepepusanns pobomu mauwiun uepe3 NOUIKOOINCEHHA aOO 3HOC KOMNOHEHMIB, 00Medlcye
MPUBANICMb HOPMAILHOL eKcnayamayii ma npusgooums 00 npocmois. [lompioni dodamkosi
BUMPAMU HA BUSOMOBIEHHA MA PeMOHM 3andcHux yacmud. Excnmyamayiiina uaditinicms ma
006206IUHICMb DA2AMBbOX Oemaell MAWUH 3A1eHCUms 8i0 ix miyHocmi, 3nococmitukocmi [1].

bacamooemaneiimawunniooaromenosepxue8oMy3MiyHeHHIO ONANIOBULEHHANEEP OO CIE, MEiCI
BUMPUBATIOCMIMAZHOCOCMIUKOCMInogepxnegozouiapy.IcHye mpu OCHO8HI Memoou NO8epxXHe8020
SMIYHEHHA: NOoBepXHese 3MIYHEHHs, XIMIKO-MepMIYHA 00poOKa ma 3MIYyHeHHs NAACMUYHOIO
degpopmayicero [2].

YV yiu pobomi Oocniodxiceno MOMCIUBICMb OMPUMAHHA  3ATUUKOBO20 AYCMEHImY 3
BUKOPUCMAHHAM PIZHUX DEHCUMIE MEPMIUHOI 00pOOKU, a MAKONC BNIUE MIKPOCMPYKMYpu ma ii
Memacmabinbnocmi Ha 3nHococmiukicms. Dazoeull cK1ad, MemacmabilbHicmb aycmeHimy ma
MEXAHIuHi  81ACMUBOCMi YeMeHMOBAHUX KapOioo-cmanel MONMCHA KOHMPOMIOBAMU  ULISAXOM
pe2yn08anHs memMnepamypu ionycKy.

B ocmaunni poxu 6acamo euenux npooemoncmpysanu NOZUMUGHUL BNIUE 3ATUUKOBO20
aycmenimy, wjo ymeoproemspcs 8 NOBEPXHEBOMY WAPi Ma CAMO3IMIYHIOEMbCSL NIO HABAHMANCEHHIM,
HA 3HOCOCMIUKICMb | 6MOMHY MiyHicmb [3].

Oonum 3 HAUBANCIUBIUUX HANPAMKIE CYYACHO20 38APHOGAHHS € CMBOPEHHS HANIAGHUX
mamepianie 3 MemacmaoiibHUMU CMPYKMypamu, Ki 30amHi camo 0peaHizo8y8amucs nio 6NniUeoM
306HIUHIX hakmopis.

Bonu moacyms adanmyeamucs 00 ymos HaganmadxiceuHs i Maroms 3HAYHO 8UWYL 81ACMUBOCHI.
Hocniooicenns 6 yitl eanysi poznoyanucs 8 cepeduti murynoz2o cmonimms .M. Boeauosum ma P.1.
Munyem. Bonu eucynynu i peanisyeanu Ha036UYAtiHO NIIOHY 10€10 UKOPUCTIAHHSA MAPMEHCUMHO20
nepemeopeHts nio0 HABAHMANCEHHAM 6 Npoyeci UNPOOYEAHHA MeXAHIYHUX eracmueocmell i
npaye30amHocmi cneyianbHux cmaell.

Cnnasu 3 memacmabilbHUM AYCMEHIMOM MAarwmes nidguujery cmitkicme 00 2i0po-
abpaszusHo2o 3HOCY, abpasuéHo2o, YOapHO20, CYX020 Mmepms ma 6MOMHO20 HasaHmadicenus. Lli
CNIABU 003601A10Mb 00CASMU BUCOKUX PIBHI6 MexaHniuHux enacmugocmel. Lle nos'azano 3 mum, wo
HA BUHUKHEHHS MAPMEeHCUMHO20 NepemeOpeHHsl Ni0 HABAHMANCEHHAM GUmMpadacmscs Oinbuia
YacmuHa 308HIUHbOI enepeii | 8i0N0GIOHO MeHWAa 4aACMKA BUKOPUCMOBYEMbCA HA PYUHYBAHHA.
Pozsumox mapmencumnozo nepemeopenHs npu3eooums He mMIiNbKU 00 3MiyHeHHs, ane 1 00
penaxkcayii MiKpoOHanpyiceHb, wjo NOKpawye Mikpo 06'em i xapaxmepucmuxu cnaagy. [{oomy maxoorc
cnpusie ounamiune oegpopmayiiine cmapinns. [4].

Kniouosi cnosa: nopowrkosguti oOpim, aycmemnim, azom, 3HOCOCMIUKICMb, 1€2y8aHHS, 0y208e
Hanaaenents, kapoiou, Himpuou, mepmiuna 06pooKa, 8i0NYcK.
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