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The converter lance tips functioning at high external temperatures are damaged in a
corrosive environment due to thermal fatigue, hot corrosion, creep, embrittlement and the
synergistic influence of all these factors. Premature erosion of the blowing nozzles edges
affects the blowing mode. To avoid this effect, certain reliability margins are provided at
the stage of the tips design. However, despite this, during the operation of the tips, their
premature destruction occurs due to the factors that are difficult to take into account in
the initial calculations. The aim of the present work is to solve an important task of
increasing the life cycle of the converter lance tips by creating technological methods that
allow adjusting the physical-mechanical properties of the surface layer of the outer surface
of copper converter lance tips. The developed methods were used for experimental
investigations of the energy-power parameters of abrasive blasting treatment process, residual
stresses in the coatings and the influence of electrolytic-plasma processing upon a cluster
coating obtained by electrospark doping followed by the preparation of an electrolytic-
plasma thermal barrier coating. A comprehensive, economically viable and environmentally
friendly technological process for the fabrication of the electrolytic-plasma thermal barrier
coating on the converter lance tips has been developed and substantiated. This process
allows increasing significantly their resistance and thereby improves the steelmaking
parameters.
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roughness.
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Introduction

The experience in operation of oxygen lance
tips of various designs, accident statistics, and
experimental studies showed that the destruction of
the tip begins commonly from the surface. The
surface quality of the lance copper tip is one of the
main factors determining its thermal and fatigue
strength as well as plastic deformation or creep
deformation that lead to erosion of nozzle edges
(Fig. 1), destruction of welds, etc.

The creep curve has various stages, which
coincide with the typical loading conditions of the
lance tip during blowing at four intervals (Fig. 2).

When the blowing of the molten bath with
oxygen starts, the lances are immersed in the
converter and the tip undergo instant deformation
resulted in the initial creep. At this stage, the creep
rate gradually decreases reaching a constant (i.e.

steady-state) value of secondary creep. At the third
stage of blowing, the creep rate begins to increase,
which leads to the beginning of the surface layer
destruction. At the fourth stage (lifting the lance to
its upper position), the tip undergoes instant

a b
Fig. 1. The copper crown of the converter lance tip:
a — the outer surface before operation; b — the outer surface
after operation
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Fig. 2. Schematic blowing cycle of the converter bath

deformation due to sudden cooling. In general, creep
deformation is a function of the creep stress, time
and temperature.

Besides, it is known that the smaller the surface
roughness, the higher the fatigue strength of the parts
[1]. Roughnesses of the surface are stress
concentrators; they are one of the reasons for
reducing fatigue strength.

To prevent the erosion of nozzle edges of copper
converter lance tips, in addition to increasing the
cooling conditions of the internal surfaces, the
external surface is covered with refractory metals,
for example, molybdenum, tungsten, etc. [2—4].
However, the application of a continuous coating of
refractory metals does not provide high resistance.
This is caused by the occurrence of internal stresses
in the coating and crown material. In addition, during
blowing, the copper crown heating and cooling leads
to disruption of coating continuity and cracks in
copper due to different coefficient of volumetric
expansion. An effective way to improve the quality
of the coating is to strengthen its adhesion to the
base material, which largely depends on the backing
preparation.
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The aim of the present work is to solve an
important task of increasing the life cycle of the
converter lance tips by creating technological
methods that allow adjusting the physical-mechanical
properties of the surface layer of the outer surface of
copper converter lance tips.

Experimental, results and discussion

To determine the rational method of backing
preparation for the coating, an analysis of the tip
surface quality treated by traditional technology was
made (Fig. 3).

The study of the effects of backing preparation
on the quality of coatings placed on a noncontinuous
copper tip surface formed by second-order curves
showed that the most acceptable is an abrasive
blasting method, which allows increasing the
adhesion of the backing-coating system and
optimizing the roughness and structure of the outer
surface of the tip [4—6].

Spherical granules of high impact styrene
copolymer were used as abrasive material (Fig. 4)
[7].

The interaction of the styrene copolymer
granules with the copper surface of the tip leads to
the formation of an arbitrary microrelief and removal
of oxide films, which increases the adhesion of the
applied electrospark coating with the formed backing.

A large number of factors affect the process of
abrasive blasting. One of the main ones is the resulting
force acting on each granule. It is evident that the
resulting force is a sum of the pressure-force of the
blast, the force arising from the action of the force
moment, which orients the granules in the abrasive
stream, the inertial and centrifugal forces that occur

Fig. 3. The surface of the copper sample after machining and before activation: a — 3D surface topography; b — surface
macrosection (relief dimensions are given in um)
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a b
Fig. 4. Styrene copolymer granules: a — general view;
b — a single granule (D,,=1500 pm)

during accelerated motion of the granule, the weight
force, the common force in contact of the granule
with the surrounding granules and the frictional force
upon the contact of granules with the treated surface
during elastoplastic deformation.

The study was carried out under the following
assumptions: the granules of the impact-resistant
styrene copolymer have the same spherical shape
(Fig. 4,a); granules are rigid; and the ratio of the
real granules sizes to the size of tip surface being
processed allows us to consider the working gap as
flat.

One of the requirements for the preparation of
the surface for coating is to reduce the surface
roughness, the change of which can be defined as:

N
R, (Z,V)=21(Z,V)—> min,

=

where N is the number of individual events of contact
interaction on the elementary site; r is the size of
the hole after a single event of contact interaction;
Z is the grain fineness of the abrasive particles and V
is the speed of the abrasive flow.

In this case, the removal of material is taken as
a limitation:

G,(Z,V)— min.

The roughness values of the copper lance tip
surface activated for coating by the abrasive blasting
method were determined by means of the contactless
3-D interference profilograph «Micron-alpha». This
profilograph allows registering the surfaces
topography by processing a sequence of interference
data (pictures) recorded by a digital camera when
the reference (reference standard) mirror is shifted.
The results of the samples surface research after
abrasive blasting treatment are shown in Fig. 5.

The analysis of the experimental data showed
that the abrasive blasting surface activation quite
abruptly changes the parameters of the formed
microprofile and thereby can reduce creep and

a b
Fig. 5. The surface of the copper sample after abrasive blasting
treatment: a — 3-D surface topography;
b — surface macrosection

increase fatigue strength.

One of the promising directions for an increase
in the wear resistance of oxygen lance tips is the use
of protective coatings, in particular, electrospark
doping (ESD) [8]. The main advantages of this
technology are as follows: the possibility of
application of various conductive materials as a
substrate, high strength and adhesion of the hardened
layer with the main material, local coating without
noticeable deformation of parts and the absence of
heating of the entire body of the lance tip.

However, the use of electrospark doping for
hardening the surface layers of parts of metallurgical
equipment is constrained by a number of factors,
such as relatively low productivity of the process
and small thickness and continuity of the coating.

The quality of the surface that has been treated
with electrospark doping is determined by the
geometric dimensions of the holes, the degree of
their mutual overlapping and the size of the resulting
sags. As a result of the discharge, metal from the
treated surface is splattered and irregularities (sags)
appear on the holes and distort their shape. Figure
6, a presents single holes obtained after subjecting a
copper sample to an electric discharge with a
chromium-nickel alloy electrode. Figure 6, b shows
an image of the copper sample with a hole (cluster)
doped with nickel.

Fig. 6. Images of single holes (clusters) on the surface of a
copper sample doped with a chromium-nickel alloy electrode
(x200)
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It is known [8] that deep structural
transformations occur in the surface layer during the
ESD process which change its physical-mechanical
properties, in particular, residual stresses. So, in the
ESD treatment, they are caused by non-stationary
processes of the heating and cooling of a material in
the zone of a pulsed discharge. Residual stresses in
coatings have a significant effect on the working
properties of hardened parts. The nature of the
distribution of residual stresses during ESA is affected
by the anode material, time and coating technology.
At the same time, it can provide a coating continuity
of up to 70% of the total area, therefore, it relates to
discrete structure coatings [9].

To increase the protective corrosion properties
of coatings and outer copper surfaces of oxygen lance
tips, it is necessary to use technologies for continuous
coating.

Nickel and chromium-based alloys belong to
materials that have good creep resistance at high
temperature, low ductility and a good corrosion
resistance at high temperature. As a rule, they are
surfaced by electrochemical deposition processes in
electrolytes. However, such electrodeposits have
inherent disadvantages: cracking and peeling at low
mechanical cyclic loads (Fig. 7).

Fig. 7. Topography of the surface of a sample with defects in a
continuous coating

A promising method that meets modern
requirements is an electrolytic-plasma coating, which
can significantly increase the life cycle of the
converter lance tips.

The processing time, the concentration of
electrolyte and the quality of the backing surface for
coating (type of microrelief and roughness) are
parameters that characterize the process of
electrolytic-plasma coating. The backing was
prepared by electrolytic-plasma processing after
electrospark doping [10—13].

An aqueous electrolyte containing ammonium
sulfate (1%) was used in the process,. For the
electrolytic-plasma coating of nickel, a 30% aqueous
solution of nickel sulfate with pH of ~3.8 and
conductivity of 44 mQ~' cm™! at the temperature of
70°C was applied.

The main and indispensable condition for
overgrowing holes (i.e. clusters) formed by
electrospark doping in the electrolytic-plasma coating
is a sufficient thickness of the applied layer to obtain
a uniform protective coating (Fig. 8).

Fig. 8 Copper sample with cluster thermal barrier coating

Conclusions

The process of the preparation of cluster thermal
barrier coatings on oxygen lance tips was investigated.
Industrial tests were carried out on a 250-ton
convertor at the Eco-Steel metallurgical plant in
Eisenhuttenstad (Germany). The six-nozzle oxygen
lance tip with a thermal barrier coating showed
resistance that is 2 times higher than the resistance
of the standard tips used in the converter shop of
the plant. The testing of five-nozzle tip using the
60-ton converter of the metallurgical plant in the
city of Dnipro (Ukraine) showed an increase in the
resistance by 3.5 times in comparison with the
resistance of tips manufactured at that plant.

The feasibility of the integrated process for the
fabrication of cluster thermal barrier coatings on the
outer surfaces of copper oxygen lance tips was
substantiated. The backing was treated with spherical
granules of high-impact styrene copolymer followed
by the discrete electrospark doping with alloys based
on the protective coating material.

A comprehensive, economically viable and
environmentally friendly technological process of the
preparation of electrolytic-plasma thermal barrier
coating on the converter lance tips has been
developed and investigated. It allows significantly
increasing their resistance and thereby improving the
steelmaking parameters.
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TEXHOJIOT'TYHI OCOBJINBOCTI HAHECEHHA
KJIACTEPHUX 3AXMCHUX ITOKPUTTIB HA MIJHI
IIOBEPXHI HAKOHEYHHMKIB KOHBEPTEPHUX ®YPM

O.I. Beauuro, T.1. Jlro, C.O. Abpamos, I.B. Mapuyx,
B.C. I'pumun

Hakoneunuxu xonsepmepnux gyypm, wo excnayamyomscs
npU GUCOKUX 308HIHIX MeMnepamypax, y KOpo3ilHomy cepedo-
BUWI 3A3HAIOMb NOUKOOXNCEHHS YHACAIOOK MEPMIYHOI yMOMAeHOCHI,
2apA4oi Kopo3ii, n083y10ocmi, OKPUXKOBAHHA | CIHepeemu4H020 6NAUGY
nepepaxoeanux gaxkmopis. Jlia eukaioueHHs 0o4ACHO20 po3nairy
Kpaig npodyeanvHux conen, AKi 3HA4HO NAUBAIOMY HA PEICUM NPO-
J0y8amHs, Ha emani NPOEKMYBAaHHs UPOOHUKU HAKOHEUHUKIB KOH-
6epmepHUX Qypm 6NpoeaodHCcyoms GU3HAHEHI 3anacu HAdiHOCI.
Oduak, He JueasuuUCh HA ye, Y NPoyeci eKCcnayamauii HaKOHeYHUKI6
gidbysaromucs nepeduacHi ix pyiuHyeaHHs, YHAcAi0OK GNAUGY YUH-
HUKi6, sIKi CKAAOHO 8paxyeamu 6 no4amkoeux po3paxyukax. Me-
moro Oanoi pobomu € esupiuleHHs 8axscAugoi 3adai nioguujeHHs
HCUMMEB020 YUKNAY Demanell | 8Y3nié HAKOHEUHUKIE OYMMEBUX NpuU-
cmpoie mMemanypeitiHux azpeeamie wAsSXom CMEOPeHHs MexHoA02i-
uHUX Memodie, Ki popmyroms GizuKo-mexaHiyHi xapaKmepucmu-
KU NOBEPXHEB8020 WIADPY 306HIUHbOI NOGEPXHI MIOHUX HAKOHEUHUKIB
KucHesux gypm. Po3pobaeni memoou eukopucmarno 045 excnepu-
MEHMAAbHORO O0CAIONCEHHS eHePeOCUN08UX NAPaAMempie npoyecy
CMpymMeHego-abpazuerHo2o 00pobAeHH s, 3AAUUKOBUX HANDYICEHb Y
nokpummsx, ma enaugy naponiazmo8020 NOAIPYEAHHs | HAHeCeHHs
KAQCMEPHO20 NOKPUMMS eAeKMPOICKPOBUM Ne2YBAHHAM 3 NOO0ANb-
WUM HAHeCeHHAM NapONAA3M08020 3aXUCHO20 nokpumms. O0TpyH-
MOBAHO QOUiNbHICMb CMBOPEHHS KOMHACKCHO20 MEXHOA0IHO2O
npoyecy HaHeCeHHs KAACMepHUX 3aXUCHUX NOKPUMMIE Ha 308HIUHI
No8epxXHi MIOHUX HAKOHEYHUKI8 KUCHe8UX (hypM.

KunwuoBi caosa: ¢ypma, miAroroBKa IiJAKJIaIKH,
Maporia3MoBe MOJTipyBaHHS, 3aXUCHE TOKPUTTSI, LHOPCTKICTh.
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The converter lance tips functioning at high external
temperatures are damaged in a corrosive environment due to thermal
fatigue, hot corrosion, creep, embrittlement and the synergistic
influence of all these factors. Premature erosion of the blowing nozzles
edges affects the blowing mode. To avoid this effect, certain reliability
margins are provided at the stage of the tips design. However, despite
this, during the operation of the tips, their premature destruction
occurs due to the factors that are difficult to take into account in the
initial calculations. The aim of the present work is to solve an
important task of increasing the life cycle of the converter lance tips
by creating technological methods that allow adjusting the physical-
mechanical properties of the surface layer of the outer surface of
copper converter lance tips. The developed methods were used for
experimental investigations of the energy-power parameters of abrasive
blasting treatment process, residual stresses in the coatings and the
influence of electrolytic-plasma processing upon a cluster coating
obtained by electrospark doping followed by the preparation of an
electrolytic-plasma thermal barrier coating. A comprehensive,
economically viable and environmentally firiendly technological process
for the fabrication of the electrolytic-plasma thermal barrier coating
on the converter lance tips has been developed and substantiated.
This process allows increasing significantly their resistance and thereby
improves the steelmaking parameters.

Keywords: lance; backing preparation; electrolytic-plasma
processing; protective coating; roughness.
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