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Abstract. The operation of the blast furnace lining is accompanied by intense abrasive and impact wear, which
makes it necessary to develop iron-containing surfacing materials with a heterogeneous carbide microstructure to
increase strength and wear resistance. The aim of the work was to increase the mechanical strength and durability of
the lining of the blast furnace shop by optimising the structure of the deposited layers and establishing regularities
between the microstructure, mechanical properties and wear resistance of the coatings. The research was carried
out using electric arc surfacing on samples of 09G2S steel. Tests were conducted for hardness, impact toughness
and abrasive wear, as well as microstructural analysis of the surfaced layers and assessment of the nature of crack
formation after microindentation. The main results of the experimental studies show that the hardness of the
deposited layers ranged from 52 HRC in SAS Global to 58 HRC in VELTEC, while the impact toughness varied from
18 J/cm? in Duroxite to 22 J/cm? in VELTEC, demonstrating an inverse relationship between hardness and impact
toughness: harder layers are more prone to brittle fracture. Abrasive wear tests showed that VELTEC demonstrated
the best wear resistance with a mass loss of 0.12 g and only one crack per 100 cm?, while SAS Global had the
highest number of cracks (4 per 100 cm?) and a mass loss of 0.20 g, and Duroxite had intermediate values - 0.18 g
mass loss and 3 cracks. As a result, it was found that the formation of a hypereutectic structure with an M,C;
carbide phase contributes to a reduction in the intensity of abrasive wear and limits the spread of microcracks. The
obtained welded layers are characterised by a combination of increased hardness and sufficient impact toughness,
which is critical for the operation of the lining under variable impact loads. The practical value of the results lies
in the possibility of their use in the restoration and modernisation of blast furnace linings in order to increase the
inter-repair resource and reduce operating costs

Keywords: welding; microstructure; wear; strength; residual stress; hardness

Introduction
In modern blast furnace production, one of the key ele-
ments of the transport system is a skip designed for the
cyclical vertical movement of charge materials to the

One of the main reasons for the limited service life
of the skip lining is crack development, which occurs
due to a combination of thermal, mechanical and struc-

blast furnace charging device. Under operating condi-
tions, the skip undergoes intense abrasive impact from
agglomerate, coke and ore, which causes accelerated
wear of its internal surfaces.To protect the skip body from
premature destruction, lining in the form of removable

or deposited wear-resistant elements is widely used.

tural factors. As noted by SV. Shchetynin et al. (2019),
residual stresses generated during surfacing play a
crucial role in the appearance of microcracks, which
can later develop into macro-cracks and cause the de-
posited layer to detach. Their microstructure has a sig-
nificant influence on the tendency of deposited layers
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to crack development. High-chromium iron-containing
alloys, typically used for wear-resistant surfacing, form
eutectic structures with M7C3-type carbides, which
provide high hardness but are also characterised by
increased brittleness. An alternative approach to im-
proving the operational reliability of linings is the use
of modified surfacing alloys, in which hardening is
achieved due to fine boride and carbide phases. Accord-
ing to the findings of O. lvanov (2020), the development
of a fine-dispersed structure with a uniform distribution
of reinforcing phases helps to reduce the rate of crack
propagation and increase resistance to destruction. In
addition to the chemical composition of the deposited
material, the surfacing technology has a significant im-
pact on the crack resistance of the lining. The study by
L.Zong et al. (2019) established that reducing the linear
thermal energy and controlling the inter-pass tempera-
ture can reduce the level of residual stresses and form a
more favourable structure of the deposited layer.

Similar conclusions were provided in the paper by
A. Czuprynski et. al. (2022), where the efficiency of opti-
mised surfacing modes for parts of metallurgical equip-
ment was shown. An additional factor in increasing the
life of the lining is the use of buffer layers between the
steel base and the wear-resistant surfacing. The study
by T. Varis et al. (2023) explored the possibility of us-
ing iron-based (Fe-based) thermal spray coatings as an
alternative to standard hard coatings to protect parts
from abrasive and cavitation wear. Several commercial
and experimental Fe coatings applied by high velocity
Oxy-Fuel and High Velocity Air-Fuel (HVAF) methods
were analysed and their microstructure, hardness, and
wear resistance were compared with coatings based
on WC-CoCr and CrsC,-NiCr. The results showed that Fe
coatings generally have a lower resistance to abrasive
wear due to the lower content and size of solid phases,
but in cavitation erosion tests they showed good, and
sometimes better, results compared to standard coat-
ings. The researchers concluded that cavitation wear
resistance is largely determined by microstructure,
cohesion between layers, and the material’s ability to
undergo plastic deformation, rather than just hardness,
and that Fe-based coatings, especially those applied by
HVAF, have significant potential for use under cavita-
tion loading conditions.

Z.T.Oztiirk (2021) investigated the effect of alloying
elements such as Si, Cr, B, and Ni on the microstructure
and abrasive wear resistance of FE-C-Si-Cr-B-Ni depos-
ited layers. Hardness and abrasive abrasion tests of var-
ious alloy compositions were performed, including mi-
crostructural analysis using metallography. The results
showed that the introduction of Ni and Cr promotes the
generation of a denser boride and carbide structure,
which increases the hardness and wear resistance of
coatings. C. Okechukwu et al. (2024) developed new fer-
ro alloy surfaced alloys for conditions of high abrasive
wear under low impact loads. A comprehensive study
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of mechanical properties, including hardness, impact
strength, and weight loss during abrasive wear, was
conducted. The study showed that the optimal com-
position of the alloy provides a balance between high
wear resistance and sufficient impact strength, which
makes it suitable for industrial applications. The study
by O. Skvortsov & O. Mikosianchyk (2023) considered
the wear resistance of electric arc coatings under the
action of abrasive wear. The researchers investigated
the effect of coating technology and microstructure on
the development of microcracks and material loss dur-
ing abrasive wear tests. The results showed that coat-
ings with a more uniform carbide phase show better
wear resistance and less tendency to crack, highlighting
the importance of controlling the microstructure dur-
ing surfacing.

Despite a significant number of scientific papers
devoted to wear-resistant surfacing, the issue of a
comprehensive assessment of the influence of the
microstructure, technological modes, and mechanical
characteristics of the deposited layers on the opera-
tional reliability of the blast furnace skip lining re-
mains insufficiently covered. In particular, it is neces-
sary to clarify the relationship between the structure
of the deposited layers, hardness indicators, impact
strength, and the intensity of abrasive wear under
conditions close to real operation. The purpose of this
study was to comprehensively assess the influence of
technological parameters of surfacing and structural
features of deposited wear-resistant layers on the me-
chanical characteristics and operational reliability of
the blast furnace skip lining.

Materials and Methods

The object of the study was deposited wear-resistant
layers formed on a steel base, used for the manufacture
and restoration of blast furnace skip linings. As a base
material, low-alloy structural steel of the VELTEK brand
was used, characterised by satisfactory weldability, sta-
ble structure, and wide application in metallurgical
equipment operating under abrasive and impact loads
(Pokhmurska et al., 2017). The samples were welded
using the arc method in a protective gas environment
with semi-automatic direct current welding equipment.
The chosen surfacing method ensured arc stability, heat
investment control, and the development of a dense
deposited structure that met advanced requirements
for the restoration of wear-resistant parts for metallur-
gical purposes (Belik et al., 2016).

To conduct experimental studies, low-alloy struc-
tural steel was used as the base material, which was
typical for the lining elements of metallurgical equip-
ment in terms of chemical composition, mechanical
properties, and weldability. The choice of this mate-
rial was conditioned by its wide application in blast
furnace shops, and the possibility of forming depos-
ited layers without the development of technological
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defects, which ensured correct modelling of real op-
erating conditions of the skip lining. The samples
were made in the form of rectangular plates meas-
uring 100 x 50 mm with a base metal thickness of
10-15 mm, which provided sufficient rigidity during
surfacing and geometry stability during subsequent
mechanical tests. Before surfacing, the surface of the
samples was subjected to mechanical cleaning and
degreasing to minimise the influence of foreign fac-
tors on the development of the deposited layer. The
actual surfacing modes were selected considering the
technological recommendations for arc surfacing of
wear-resistant materials and the need to reduce re-
sidual stresses. Surfacing was performed at a welding
current of 220-260 A and an arc voltage of 24-28 V.
The speed of movement of the burner was 18-22 cm/
min, which ensured the development of a uniform
roller without undercuts and pores. The inter-pass
temperature was maintained at a level not exceeding
150°C to limit heat accumulation and reduce the risk
of thermal cracks (Zong et al., 2019).

The choice of these welding modes was based
on the critical influence of linear thermal energy on
the development of the microstructure of the depos-
ited layer. Microstructural studies of deposited layers
and thermal impact zones were performed by optical
metallography methods. Preparation of metallographic
grinds was carried out according to the standard meth-
od with mechanical grinding and polishing, after which
chemical etching was performed to identify the phase
structure. Microstructure analysis was aimed at evalu-
ating the morphology of reinforcing phases, the nature
of their distribution, and the relationship with possible
crack propagation paths (lvanov, 2020). The hardness
of the deposited layers was determined by indentation
with measurement in the deposited metal, the ther-
mal impact zone, and the base metal. This approach
allowed estimating the gradient of mechanical proper-
ties in a bimetallic system, which is an important factor
in the crack resistance of deposited coatings (DSTU EN
14700:2008, 2008). Wear resistance was evaluated by
laboratory tests for abrasive wear, which simulate the
operating conditions of the lining of a blast furnace skip.
The test method corresponded to generally accepted
approaches to the analysis of deposited wear-resistant
materials and allowed comparing the wear intensity of
different deposited layers under the same load condi-
tions (Czuprynski et al., 2022).

To ensure the reliability of the results, all mechan-
ical tests were performed on at least three samples for
each series. The results were presented as average val-
ues with an indication of the root-mean-square devia-
tion (M % SD), which allowed estimating the spread of
experimental data and ensured the correctness of the
comparative analysis of the obtained characteristics
(Venkatesh et al., 2015). To ensure statistical reliability
of the results, the study was carried out on a series of

samples formed under the same technological condi-
tions of surfacing. The total sample size was at least
24 samples, which were divided into two experimental
groups depending on the structural organisation of the
deposited layers. Within each group, 12 samples were
made, which allowed evaluating the reproducibility of
the results and reducing the impact of random errors.
For each type of deposited coating, at least three par-
allel measurements of hardness, impact strength, and
abrasive wear indicators were used, followed by the
determination of average values. This approach en-
sured sufficient statistical reliability of experimental
data and allowed correctly comparing the results ob-
tained with each other, and with the data given in the
scientific literature.

Results and Discussion

Research results have shown that the operational reli-
ability of blast furnace skip linings is determined by a
combination of intense abrasive and impact wear and
a complex stress-strain state that arises during equip-
ment operation. Analysis of the design features of the
lining shown in Figure 1 shows that the most loaded
areas are direct contact with abrasive material, where a
combined wear mechanism is implemented.
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Figure 1. Drawings of the skip lining
for the blast furnace
Source: created by the author

Experimentally determined values of hardness
and impact strength of deposited layers are summa-
rised in Table 1. The presented data were obtained as
part of the author’s experimental studies on a series
of samples manufactured under the same technologi-
cal conditions. Analysis of the results showed that with
an increase in the hardness of the deposited layer, a
decrease in impact strength is observed, which indi-
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cates an increase in the susceptibility of the material

deposited coatings and was noted by B. Venkatesh et
to brittle fracture. A similar relationship between hard-

al. (2015). The results of abrasive wear tests and crack

ness and impact strength is typical for wear-resistant

resistance assessments are shown in Table 2.

Table 1. Hardness and impact strength of deposited layers of different types of materials

Brand Hardness, HRC Impact strength, J/cm? Notes
VELTEK 58 22 Optimal combination
Duroxite 55 18 High hardness, lower viscosity
SAS Global 52 20 Average indicators
Source: compiled by the author

Table 2. Abrasive wear and resistance to microcracks of modern deposited layers

Brand Weight loss, g Number of cracks per 100 cm? Notes
VELTEK 0.12 1 Best wear resistance
Duroxite 0.18 3 Moderate wear, high hardness
SAS Global 0.20 4 Largest number of cracks
Source: compiled by the author

All values were obtained in the course of exper-
imental studies, which allows considering them as a
reliable basis for analysing the operational behaviour
of deposited layers. It is established that an increase in
abrasive wear resistance is accompanied by a decrease
in weight loss of material, but excessive rigidity of the
structure increases the risk of local micro-destruction.
Similar patterns were described by C. Fan et al. (2006),
who emphasised the need for a comprehensive as-
sessment of wear resistance and fracture resistance.
Microstructural analysis of the deposited layers makes
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established a relationship between the phase compo-
sition and the mechanisms of crack development. Fig-
ure 2a shows the structure of a hypereutectic Fe-Cr-C
alloy with a carbide phase of the M7C3 type, while Fig-
ure 2b illustrates the nature of crack propagation after
microindentation. The results show that cracks are ini-
tiated mainly in the carbide phase and propagate along
the interfacial boundaries, which is conditioned by the
high brittleness of carbides. A similar mechanism of

crack development was described in detail in the paper
by R. Zahiri et al. (2014).

Figure 2. Structure of the hypereutectic Fe-Cr-C alloy and the nature of crack propagation after micro-indentation

Notes: a - carbide phase M7C3; b - crack propagation directions
Source: R. Zahiri et al. (2014)
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Comparison of microstructural observations with
the mechanical characteristics given in Table 1 and Ta-
ble 2 established that a more uniform distribution of the
carbide phase helps to reduce the stress concentration
and slow down the development of cracks. The results
obtained indicate that the deposited layers are char-
acterised by a combination of high hardness, sufficient
impact strength, and increased resistance to abrasive
wear, which is crucial for the operation of the blast fur-
nace skip lining under abrasive and impact loads. The
generalised mechanical characteristics of the deposit-
ed layers are shown in Table 1, and the results of tests
for abrasive abrasion and crack resistance are shown
in Table 2. As the analysis of the results shows, the in-
crease in performance characteristics is conditioned by
the development of a heterogeneous microstructure
consisting of a metal matrix and solid carbide-type
phases. Similar patterns were established by PM. Pr-
ysyazhnyuk et al. (2022), who noted that the uniform
distribution of carbide inclusions in the iron-containing
matrix significantly increases the resistance to abrasive
and erosion wear. The results obtained in this paper
confirm this thesis, since samples with a more uniform
structure show a lower intensity of weight wear.

The microstructural features of the deposited
layers are confirmed by analysing the structure of
the hypereutectic Fe-Cr-C alloy. As shown in Figure 2,
the M7C3-type carbide phase forms a branched grid
that effectively prevents local plastic deformation.
C. Fan et al. (2006) noted that it is this morphology
of carbides that contributes to an increase in the re-
sistance to nucleation and propagation of microcracks
under contact loading. The nature of crack develop-
ment observed in this paper after microindentation is
consistent with the above provisions. In the paper by
L.F. Holovko et al. (2012), the use of laser-plasma sur-
facing for the development of wear-resistant surfaces
of machine parts was considered. The researchers in-
vestigated a combined process in which the plasma
supplies and heats the powder material, and the laser
melts it together with the base, which increases the
efficiency of surfacing and reduces energy costs. The
main attention was paid to modelling temperature
fields and selecting optimal process modes, and the
conclusions showed that this approach is promising
for obtaining high-quality wear-resistant coatings
and reducing the volume of experimental studies. An
important aspect is the ratio of hardness and impact
strength of the deposited layers. According to the re-
sults presented in Table 1, an increase in hardness
is not accompanied by a critical decrease in impact
strength, which is fundamental for parts operating
under variable impact loads. A similar effect was de-
scribed by PM. Prysyazhniuk (2024), proving that mul-
tilayer deposited coatings with an optimised structure
exhibit more balanced mechanical properties com-
pared to single-layer coatings.

The abrasive wear of the deposited layers (Table 2)
decreases with increasing volume fraction of solid
phases and increasing the microhardness of the ma-
trix. B. Maroli et al. (2017) showed that in the case of
iron-containing deposited alloys with high carbide con-
tent, wear occurs mainly by a micro-cutting mechanism,
but the wear rate is significantly reduced by blocking the
movement of abrasive particles. The results obtained
in this paper correspond to this concept. The paper by
Z-H.Wang et al. (2014) investigated the microstructure
and wear resistance of Fe-Cr-B-C hard-surfaced alloys
produced by arc surfacing with a wire structure with
flux to improve the abrasive wear resistance of the sur-
face layers of parts. Using optical, scanning electron
microscopy, and X-ray diffraction, they analysed the
effect of boron content on phase development, size,
and distribution of borides in the alloy, finding that as
boron increases, the boride structure changes from a
discontinuous to a continuous network, and at concen-
trations above ~3% by weight, the proportion of pri-
mary (Fe, Cr) B increases, and the distribution becomes
more uniform. This leads to an increase in the hardness
and abrasive wear resistance of alloys to a certain level
of boron (<4%). The results showed that the controlled
application of boron can significantly affect the micro-
structure and wear resistance of Fe-Cr-B-C deposited
layers, making them promising for use under heavy fric-
tion and abrasion conditions.

Special attention should be paid to the effect of
residual stresses formed during surfacing. L. Zong et
al. (2019) emphasised that excessive structural rigid-
ity without sufficient stress relaxation can contribute
to brittle fracture. No signs of intense intergranular
crack development were found in the studied sam-
ples, which indicates an acceptable level of thermal
stresses formed during the surfacing process. B. Trem-
bach et al. (2022) emphasised that the introduction of
boron and chromium into iron-containing deposited
alloys can significantly increase abrasive wear resist-
ance without dramatically reducing ductility. The wear
values obtained in this paper confirmed the feasibility
of using such compositions to restore lining elements
that are experiencing intense wear. The design fea-
tures of the skip lining shown in Figure 1 substan-
tiate the localisation of areas of increased abrasive
and impact load. It is these zones that are critical from
the standpoint of part loss, which is consistent with
the conclusions of F. Franék et al. (2009), who noted
that the wear resistance of deposited layers should
be evaluated considering actual contact conditions
and element geometry. Thus, the results of experi-
mental studies confirm the global trends established
in the recent studies by foreign researchers regarding
the effectiveness of the use of iron-containing de-
posited coatings to increase the service life of parts
working in conditions of abrasive and impact wear.
However, the obtained data complement the existing
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understanding of the relationship between the micro-
structure, hardness, impact strength, and mechanisms
of destruction of deposited layers.

Conclusions

The paper examined the features of the development
and operational behaviour of deposited wear-resistant
layers designed to increase the reliability of the blast
furnace skip lining. It was shown that the nature of
lining wear is determined by a combination of abra-
sive and impact load and a complex stress-strain state
formed in the most loaded zones of the structure. It
was established that the mechanical and operational
properties of deposited layers significantly depend on
their microstructural organisation. The development of
structures with a high content of the carbide phase con-
tributes to an increase in hardness and abrasive wear
resistance, but is accompanied by an increase in the
tendency to brittle fracture. It was found that the une-
ven distribution of carbide inclusions is one of the main
factors for the initiation and development of cracks in
the deposited layers. The use of multilayer deposited
systems helps to reduce hardness gradients and stress
redistribution in the thermal impact zone, which posi-
tively affects the resistance to destruction of deposited
coatings. The results obtained confirm the feasibility of
a comprehensive approach to choosing the structure

and can be used to substantiate technological solutions
for the restoration of blast furnace skip linings in order
to extend their service life and improve operational re-
liability. A promising area of further research is an in-
depth microstructural analysis of deposited layers and
thermal impact zones using quantitative phase analysis
to establish the relationship between the morphology
of reinforcing phases and fracture resistance indicators.
It is advisable to use methods of numerical modelling
of the stress-strain state to assess the effect of residu-
al and thermal stresses on the development of cracks
in multilayer systems. Special attention should be paid
to the study of the effect of heat treatment after sur-
facing on reducing the level of residual stresses and
stabilising the microstructure of the deposited layers.
Further research in this area will expand the practical
application of the developed technological solutions
and increase the efficiency of restoring blast furnace
equipment elements.
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Kryvda

MiABUILLEHHA TPILWMHOCTIMKOCTI PyTEepiBKMU CKina AOMEHHOr0 Lexy

IBaH KpuBpaa

AcnipaHt

[IHINPOBCbKMIA AEPXKABHUI TEXHIYHWUIA YHIBEPCUTET
51918, syn. [IHinpobyniscbka, 2, M. KaMaHcbke, YkpaiHa
https://orcid.org/0009-0005-0724-853X

AHoTaujia. ExcnnyaTauiss dyTipkM ckuna LOMEHHOTO LEXY CyrnpOBOAXKYETbCSA iHTEHCMBHUM abpasuBHO-yAAPHUM
3HOLUYBAHHSIM, Yepes WO aKTyallbHO po3pobnsaTi 3ani30BMICHI HannaBHi MaTepianu 3 reTeporeHHol KapbigHoto
MiKpOCTPYKTYpOlO ANS MiABMLLEHHS MILHOCTI Ta 3HOCOCTiMKOCTI. MeTolo poboTu 6yno NiABULLEHHS MeXaHiYHOi
MILIHOCTi Ta AOBrOBIYHOCTI GYTIPKM CKMNA AOMEHHOIO LeXY LWASXOM ONTMUMI3alii CTPYKTYpU HannaBieHMX LWapiB i
BCTAHOBJIEHHS 3aKOHOMIPHOCTEN MiX MiIKpPOCTPYKTYPOI, MEXAHIYHMMM BAACTUBOCTSMM Ta 3HOCOCTIMKICTIO MOKPUTTIB.
[ocnigXeHHs BUKOHAHO 3 BUKOPUCTAHHAM efleKTpOAYroBOro HannasiaeHHs Ha 3paskax 3i ctani 0912C. MNposeaeHo
BMMNPOOYBAHHA HAa TBEPAICTb, yAAPHY BA3KiCTb i abpa3uBHe CTUPAHHS, a TaKOX MiKpOCTPYKTYPHUI aHanNi3 HanaaBnaeHnx
WapiB i OLIHKY XapaKTepy TPiLLMHOYTBOPEHHS NicNs MiKpOiHAEeHTYBaHHS. OCHOBHI pe3ynbTaTu eKcnepuMeHTanbHUX
[oCnigKeHb NOKa3yTb, WO TBEPAICTb HannasneHux wapis konusanaca Big 52 HRC y matepiany SAS Global po
58 HRC y BEJITEK, Toai sk yaapHa B¥3KicTb 3MiHtoBanacs sig 18 Ox/cm? y Duroxite go Hx/cm? y BENTEK, wo
[LeMOHCTPYE 0OepHeHy 3aNexHiCTb MK TBEpAOCTI Ta YAAPHOK BA3KICTHO: OinblWw TBepAi Wwapu MawTb Ginblly
CXUNBHICTb 10 KPUXKOTO pyrHYBaHHS. Y BUNpoOyBaHHAX Ha abpa3nBHe CTUpaHHSA BCTAHOBEHO, Wwo BEJITEK nposswue
HaMKpalLly 3HOCOCTIMKICTb i3 MacoBot BTpatoto 0,12 1 Ta nuwe oaHieto TpiwmHow Ha 100 cM?, Toai 9k SAS Global
XapaKTepu3yBaBCs HaibiNbLIOK KifbKicTio TpimH (4 Ha 100 cm?) i BTpaToto mMacu 0,20 r, a Duroxite MaB NpoOMixHi
3HayeHHs - 0,18 r BTpati Macu Ta 3 TpilwmMHK. Y pe3ynbTaTi BCTaHOBIEHO, WO GOPMYBaHHS 3aeBTEKTUYHOI CTPYKTYpU
3 kapbigHoto daso TNy M,C; CNpUSE 3HUXKEHHIO HTEHCMBHOCTI abpa3sMBHOIO 3HOLIYBAHHA Ta OOMEXEeHH!o
MOLMPEHHS MIKPOTPIlLMH. OTpUMaHi HanNaBAeHi Wapyu XapaKTepu3syrTbCs NOEAHAHHAM NiABULLEHOT TBEPLOCTI Ta
[OCTaTHbOI YAAPHOI BYI3KOCTI, WO € KPUTUYHUM AN poboTn dyTipkM B YMOBAX 3MiHHUX YAAPHUX HABAHTAXKEHb.
MpaKkTUYHa LiHHICTb pe3ynbTaTiB MONSra€ y MOXIMBOCTI iX BUKOPUCTAHHS MpPU BiLHOBAEHHI Ta MOAEPHi3aLii GyTipku
CKMMiB LOMEHHMX MNeyelt 3 MeTo 36iNblIEHHS MiXXPEMOHTHOIO PeCcypCy Ta 3HMXKEHHS eKCrayaTauiiHnX BUTpaT

KalouoBi cA0Ba: HannaBneHHS; MiKpOCTPYKTYpPa; 3HOWYBAHHS; MiLLHICTb; 3a/IMLLIKOBI-HaNpPY>KEHHS; TBEPLICTb
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