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ENHANCING THE CONMEBYTECHNOLOGY INE3SIVEREE MINING

Cheban Anton Yurievich i Senior Researcher, Assosiate Professor, Mining Institute of theaséernbranch of
the Russian Academy of Sciences, Khabarovsk, Russia. Pho@R12) 3279-27. E-mail: chebanagdmail.ru.

Abstract An ever growing application of ripping milling machines, wheel scrapers, and conveyors. A
techniques in surface mining is due to economic factorsilling machine rips rock and sends it to an open trench.
and significantly stricter environmental and socialA wheel scraper which follows the milling machine picks
regulations which restrict drilling and blasting operationsup the ripped rock from the trench. Wheel scrapers do all
Surface miners and milling machines would be tiest  the loadig and conveying and require no auxiliary
efficient machinery for explosivifee mining. As an equipment, thus increasing the mining efficiency. In this
open pit is mined out and the haul distances increase,téchnology wheel scrapers perform a collecting and
becomes reasonable to use a combined conveying systeonveying job delivering rock from the pit to a receiver
comprising different conveyor structures. This articlebin of the main conveyor. The proposed designaof
describes an enhanced conveyitechnology involving wheel scraper includes a feed chute and a scraper used as
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a loading aid to help extract small pieces of loose rock. &.
feed chute helps convey rock to the shovel of a wheel
scraper. Once the front area of the shovel is filled up with
rock, a scraper actites moving rock to the rear area of
the shovel. The enhanced mining technology will hel
reduce the extraction and conveying costs and thus
improve overall mining efficiency.

Keywords Ripping, rock mass, milling machine,
wheel scraper, loading aidonveyor. 10.
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Abstract This article presents results of researchof quartz which uses the width and incidence of the
aimed at justifying an underground minitgchnique quartz body and the width of chambers and ICPs as
used to mine medium width pitching ore bodies andasic arguments. This technique helps identify the
ensuring a drastic loss reduction in mining a uniquébest process paramesedepending on the abovecfa
deposit of quartz. The analysis of the theory anatpra tors. It was determined that the most efficient types of
tice of pitching ore body mining helped establish thatCMS, i.e. CMSs with wider chambers, trapezoidal
the drastic reduction in quartpdses can be achieved yield ICPs mined under the hanging wall or artifleia
through application of a Combined Mining Systemly caved rock), ensure a loss reduction of 6 to 11%.

(CMS) encompassing an open stoping system used for Keywords Quartz deposit, underground mining
extracting the main chamber deposits and an ore artéchnique, pitching ore body, losses and dilutiorm-co
country rock caving system used for extracting inte bined mining system.

chamber pillars (ICP). Differartypes of CMS can be

grouped by the shape of ICP (rectangular or trapezo References
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Abstract A performance and specific energy the

proposed procedure. And in the second instance the

calculation procedure has been developed for diamorgpecific cutting performance was calculated based on the
cutting machines used for the mining of natural stone blockexperimental data. Comparison of the two outcomes
The calculations are based on the natural stone diamostiowed a discrepancy of no redhan 10%, which means
cutting theory according to which the stone cutting machinthat the procedure developed can be recommended as a
performance can be determined by the rated drive power obmprehensive method of estimating the performance of

the cutting tool and by the specific energy of the-took

diamond cutting machines used to cut stone blocks of

interaction. The spdic energy can be estimated either differing hardness.

through experiment or analytically. The work offers an

Keywords Performance, diamond cutting machine,

analytical method of determining the specific energy of thepecific energy, energy capacity, cutting mode.

rock surface destruction process based on energy
consumption and ratios which are fractions of the total
specific energy used for rock destruction, the tool and thf
friction between the rock and the tool. The energy capacity
of the rock surface destruction process and its percentage
ratio of the total energy consumption can only be determined
through calculabns which do not allow for friction. The
energy capacity of the rock is described by the surfacg
contact hardness which is Brinell hardness.

For a more accurate interaction between the diamond
cutting tool and the rock when calculating the rock
surface dstruction factor, an active diamond grain
principle was applied. The principle says that for front 3.
end hole coverage a cutting tool should have a certain
percentage of singlpoint diamonds. This helps to
achieve an efficient rock destruction at the lowest
percentage of singlpoint diamonds. 4.

With the help of the data collected, it was possible to
analytically estimate the specific energy and thus the
diamond cutting performance depending on the cutting
mode. Cutting at a constant specific energy has a ewafib
advantages over cutting at a constant advance speed of the
tool, which includes a higher performance and a lower
specific energy. At the same time the energy based cutting
mode leads to an increased specific tool consumption, which
should be taken io account in each particular case by way
of estimating and comparing the specific cutting cost.

The performance calculations performed were dong
for the cutting at a constant specific energy and followed
two different patterns. In the first instance thgecific
cutting performance was estimated analytically based on
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Abstract Physical modelling finds a successful
application in materials science and metal forming for botil
basic research, which looks at the rheological properties of
materials, and for applied research which is aina¢d 2.
introducing laboratory test results into the industrial
environment. An accurate knowledge of the characteristics
of the metals and alloys being examined is an integral part 8f
the development of new technologies. New mathematical
models offer a consatable increase in the accuracy of
mathematical modeling of the processes under analysis.

There has recently been an intense enhancement 4f
laboratory facilities which now allow researchers to simulate
reatlife production processes with a high degree of
accuracy. The most popular devices designed for physical
modelling include the GLEEBLE system simulating
metallurgical processes, and torsion plastometers. These
devices enable research to be conducted in a wide range of
strain parameters. Depending on fitecess analyzed, it is °-
possible to conduct research applying different strain
patterng compression, tension, torsion, torsion with tension
or torsion with compression.

Upon physical modelling, a metallographic analysiss.
and mechanical properties testiage carried out for the
deformed material. This creates a basis which makes it
possible to optimize the technology currently used and
develop new manufacturing processes.

This paper analyzes the results of the physical
modelling of a rolling process of o carbon round steel
bars used for cold upsetting of 30MnB4 steel. The study.

was conducted based on the process parameters of one_of M\;VSP" Conf. Proc.#88IE, Pitsburgh, 1994, p. 263,

the continuous bar rolling mills. Physical modeling was™
done with the help of the STD 812 torsion plastometer
and the GLEEBE 3800 simulator.

Upon physical modelling, a metallographic analysis and
mechanical properties testing were carried out for the test
material. Studies were done to identify the effect of the earl§-
stage processes on the properties of the finished product.

Keywords Low carbon steel, physicanodelling
torsion test, compression test, metallographic test; m
chanical properties.

Annai DMecg(Bng.y, ¥.8a., Assate Professor Czestochowa University of Technology,
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Abstract A theoretical descriptive method to describeb.
the reference curve across the entire thickness of a rough
layer has been elaborated. Considering that the rold-of m
croroughness in the generation of the resulting microgeom
try of a contact surface between feeath and a core may
vary at a different contact, it is recommended to takevan a
erage roughness value for the entire height of a rough Iay@r
when doing calculations. Processing of the profile graphs
helped identify the microgeometry of a wire core aftau
sonic cleaning and plasma electrolytic stripping. The chang7e
of the roughness height and spacing parameters of a core
was studied and relationships were identified which can be
used to calculate the above parameters step by steppr a co
perclad steelvire drawing operation. It was established thaig,
during a coppeclad steel wire drawing process the change
of the spacing parameters of the rough layer is less intense
than the change of the height parameters. Conditions were
considered for elimination ahicroroughness at the contact

Sokolov A.A., Raspopova T.N., Kostogry¥tiydrie sher
khovatosti poverkhnosti na ekspluatatcionnye kharasteristiki pr
volokii i tekhnologicheskie faktory ee izgotfiifauyaf su

face roughness on wire performance and the wire production
techology]. Magnitogorsk: VNIIMetiz, 1984, 22 p. Dep. in Che
metinformatsiya 19.02.85, no. 28€85chm

Mamykina A.A., Balakov Yu.P., Chuvashov A.l. et al. An effective
wire surface preparation methadzvodstvo metalloizdelii s
zashchitnymi pokrytiyaiduction of steel products with pr
tective coatings]. M., 1984, pf6.44

Nikolaev V.A., Kovalenko L.A., Vasilyev A.G. Drawing process
parameters for different roughness of a wotkpestga

vuzov. Chernaya metalluffisagceedings of Russian Uiiver
ties.Ferrous metals]. 1987, no. 9, #®.45

Mazur V.L., Goncharov Yu.V. Surface microrelief development in
steel drawinhletallyMetals]. 1991, no. 6, p&9

Ogarkov N.NRaschet stepeni perenosa mikrorelyeféhpoverk
nosti valka na prokatyvaemolasyEstimating the degree of

roll surface microrelief transfer to the strip surface]. Magnitogorsk,
1995, 10 p. Dep. in VINITI 10.01.95, no. 2.

surface of a coppearad wire. Limitations were identified

with regard to the choice of techniques to create the requird- Mont mi t onnet P., Del amaee F7
microrelief on the core surface before drawing. This was Vet ement m®t al |l i que sedalcuaours N
done to ensure a complete elimination of mizughness ing the coating thickness inpaskirolingke vue Ilde M®t e

with the help of sheathing and to ensure a tight adhesion
between the contact surfaces of a bimetallic wire. 11.
Keywords Copperclad steel wire, roughness, core,
sheath, contact surface, adhesion between components of
a wire, generation of microrelief. 12.
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Abstract The present study looks at the main surfacenentioned advantages, a hypothesis was suggested-regar
hardening techniques used for die tooling and mill rollsing the possibility of obtaining coatings with advanced,
Among various physical techniques, laassisted coating physical properties through laser cladding. The purpose of
deposition (or laser cladding) is worth special attention duthe study is to provide an overview of the key techniques
to its multiple advantages. Laser cladding offers a highehind enhancindhe surface mechanical properties and to
efficiency (up to 150cm3/h of the deposit) and versatility instudy the process of laser cladding with cebbksed
terms of coatinghickness (0.01.0 mm) and applicable powder containing a reinforcing phase as a perspective
materials (Febased, Cdpased, Nbased alloys etc.). technique for enhanced die tool performance. The exper
Moreover, laser cladding offers the possibility to producenental section of the study is concerned with tee
multi-material coatings with enhanced properties such adadding process used for the production of raetaamic
wear, heat and shockesistance. Consideringpe afore  composite coatings. Coatings were obtained which consist
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of a matrix built with a cobalt alloy and a titanium carbides.
reinforcing phase. Key physical properties of such coatings
were studied. Bhough the application of heegsistant
cobaltbased alloys for die tool protection is of higherel
vance, its industrial application is rather limited. It isiebv
ous that such die tool protection techniques will be in high.
demand in the future. However Jargescale experiment is
necessary to optimize the laser cladding process and to
identify the proper composition of the powder mixture.

Keywords Powder metallurgy, die tooling, thermal 10.
treatment, chemical thermal treatment, laser cladding,
stellite, titanium carbide.
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Abstract The available literature describing the The physical and mechanical properties of chromium
effects of high heating and cooling rates on the propertieatings carbe enhanced through the application of heat
of gray cast iron with electroplates seems to be rathdreatment (HT). Various HT techniques are applicable at
limited and ambiguous. Therefore, the problem ofigh heating and cooling rates, with plasma treatment
identifying structural regularitites and studying thebeing one of them. HT helps improve the adhesion
composition factors and their effect on the properties o$trength of coatings and achieve an excellent wear
the material under examination is of high relevance imesistance of the surface modified layer due to hard finely
both academic and practical terms. dispersed chromium carbides.

This research focused on composite chrordaased Keywords Diffusion coatings, wear resistance, gla
electrochemical coatings and the interaction area betweems treatment, doubliayer rolls, solid solution.
coating and a substrate (i.e. the surface modified layer).
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Abstract This work is an experimental study into a&-su well as for cold working with corrugation and other ppe
face plastic deformation technique using a punching block. ations. The surface cold working technique considered

Various severe plastic deformatitechniques can be offers a specific technology, and its practical application
used for surface nanostructuring, including an impactvould require some R&D contindah.

surface plastic deformation (SPD) technique. Coining is

one of the SPD techniques, which involves a toat pe punching block,

Keywords Surface cold working, electric puncher,
impact, coldiork strengthening,

forming a reciprocating relative motion. There arei-var nanostructuring

ous devices used faurface cold working of large plates
and round parts. They are usually complex in design and
rather bulky. The use of an electric hand puncher seems
to be a good option in the case of surface cold workingl.-
The rated number of impacts is 4,000 spm, the t'I‘npa2
energy is 3.5 J, the rated speed of the spindle is 700 rpm.
A spike pointed chisel made of high carbon alloy steel
and a 10 mm drill bit with a hard tip were used for-su
face working of the templates. The puncher can be-opes.
ated in two modes: impact égmpact with torsion. Both
modes were used when working with the chisel. The test
showed that the use of a puncher even with the tow i
pact energy of 3.5 J can be quite effective in stremgthe 4.
ing the surface layer. Maximum hardening of steel 20
reached 83%and the depth of the hardened layer was
350 Om. A fiber structure
with a fiber thickness ofs,
with fragmentation processes. A surface layer with the
above fragment sizes is similar to a nanostmett layer
which is created through severe plastic deformation. In
the impactwith-torsion mode the resulting fragment size
is smaller than in the case of pure impact action, whick:
indicates a more severe plastic deformation in the first
instance. The mostevere hardening in terms of actual
hardness, the depth of the hardened layer and miccestru
tural refinement are achieved through deformation with a
hard tipped punching block. The deformation techniquesg,
involving punching blocks can be applied for the
strengthening of astragal moldings, keyslots, welds, as
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Structurescale levels of cast iron rolls plasma hardening  Gromov V.E., lvanov Yu.F., Konovalov S.VYE&gikgsinov D.A
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STRUCTURE-SCALE LEVELS OF CAST IRON
ROLLS PLASMA HARDENING

GromovV.E.}, lvanovYu.F.?3 KonovalovS.V.}, FengYe.?, KosinovD.A.*

! Siberian State Industrial University, Novokuznetsk, Russia

2 |nstitute of High Current Electronics SB RAS, Tomsk, Russia

3 Research Tomsk Polytechnic University, Tomsk, Russia

* State Key Laboratory for Advanced Metals and Materials, UniversiBcigice and Technology Beijing, Beijing, China

Abstract Through methods of modern materials science it is shown that plasma hardening of cast iron rolls of a
rolling mill causes the formation of layers the structure of which is characterized bygther rehange of mechanical
characteristics, phase composition and defect substructure of the material and realized at differentsstlectavels:
macro (the sample as a whole), meso (the state of thesaragrain ensemble), micro (the state oft¢aebide and di-
|l ocation subsystems), nano (the st ghases, gréphite and cementitd atle s o |
formed in cast iron rolls as a resul t -pbakegmih stracmgithh ar d en
crystallite size of 3810 nm) stabilized with-% nm cementite particles is found in the surface layer. It is established that
utilization of hardened cast iron rolls predictably changes the defect substructure and the phase composition of cast iron.
The sources of faranging stress fields were identified which are created in a cast iron roll as a result of plasma trea
ment and further operation. It is shown that the largest stress fields are created in the surface layer in the structure of
nanocrysalline ferrite grains. Application of the plasma surface hardening technique led to an increased wear resistance
in cast iron rolls. The evolution of the structymease states and the defect substructure in the surface layer of cast iron
rolls was analyza in the case of large diameter rebars production.

Keywords Structure, phase composition, cast iron rolls, plasma hardening

, The aim of this research work is to establish at
1. Introduction different scaled levels the nature and regularities of

The development of technologies of hardening, ad1€ Structurephase states, the eef substructure,
well as providing a desired combinatidretween fractL_Jr_e surface of cagton r_oIIs formation in th_e
strength and plasticity of the materials requires thgondition of plasma hardening and the analysis of
understanding of the nature of the applied processd§€ir evolution in thermaenechanically rolling of
The clarification of the physical mechanisms of thdardened reinforcement in different conditions.
formation and the evolution of structure and phase ;
states is one of the most importardlgems of modern 2. Material and the methods of resarch
solid state physics, as it is in the basis of the dpvelo ~ Cast rolls of about 500 mm in diameter made
ment and the establishment of effective ways of thifom cast iron brand SSHHNF were used as &e r
service characteristics improvement [1, 2]. search material. The composition is C=3.75%,

An important problem determining to a great e Si=1.52%, Mn=0.57%, S5=0.02%, P=0.15%,
tent the performance of the mills is icrease the Cr=0.35%, Ni=1.51%, V=0.13% (weight percents).
wear resistance of the cain rolls. As one of its& The plasma treatment was ged out by pla-
lutions is plasma hardening of the working surface ofatron of a direct and (or) an indirect action.sPla
the rolls grooves. The process of hardening consists 2 jet was produced by blowing into the electric arc
hightemperature heating of surface area by plasnidirred between the electrodes, the orifice, and the
flow (anode spot) and iistensive cooling with a rate gasdynamic compression in a chancebled na-
providing quenching structures. At the same time théle passage. At the same time th@sma can either
roll toughness can increase by ~60% [3, 4]. burn directly between the cathode and the anode

The solution of practical tasks is impossibleproduct (direct action) or burn between thecele
without understanding of the nature of the procesiodecathode and the electredeode (indirect @
of formation and the evolutionf structurephase tion).The processing of the grooves is produced by
states in steels and alloys in the conditions ofrextethe excreted from the plasmatron torch.

nal energy and deformation influences. After the surface patch is heated using the-pla
ma arc it is rapidly cooled on the mass of the roll to

O GromovV.E., lvanov Yu.F., KonovalovSV., FengYe, KosinovD.A., obtain the hardening structures. The treatment
2016
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scheme was set by the formation of circular trackaear (in the extrempoints of the vertical diameter
during the rotation of the roll. The velocity ofsdi of the groove).
placenent and the arc power are adjusted to obtain a The investigation of the structure was carried
heating temperature above the péicit and below out on an optical microscope Axiovert 40MAT and
the melting temperature of the surface [3, 4]. an electron microscope EWNR5. To identify the
The main parameters of plasma hardening ar@hases the diffraction analysis was applied with the
radiation power P, diameter of active spot; velocityuse of a darfield technique and the subsequent
of displacement of the details, power density q. Thendexing of micro electrowiffraction pattern. The
parameters of plasma treatment were calculatedcalar density of dislocations was measured by the
plasma arc power, active area of the arc spot, tHmearintercept method adjusted for the invisibility
heat flux density, the time of active spot hardeningef dislocations in the micrographs-13.
hardening temperature, zone hardening depth. _ _
The proess of plasma hardening of roll grooves 3. Results and disassions

is shown inFig.1 It was realized with the technical The tests of plasmaardened rolls at hot rolling of
characteristics: arc powdr 40 kW, arc curreni a large diameter reinforcement {8@ mm) showed a
250 A, arc voltagé 180 V, efficiencyi 180 m min  significant increase in wear resistar{@able 1)Such

!, pressure of plasma producing §aB.6 MPa, ca-  an increase in service properties of the rolls is due to
sumption ofplasma producing gas 5 n? hour’,  the formation of structurgdhase states at plasmapr
nozzle diameter 1.2 cm. cessing at different scale levels18].

In the initial state and after the operation on the
mill the working surface layer of the roll body contains
perlite, cementite, and globular graphite. The- fo
mation of the hardened layeortsisting of a melting
zone with a hardness of 160000 HV and fine aa+
tenite structure and cementite and the -affatted
zones with the hardness of 4980 HV and with the
structure of martensite, residual austenite and graphite.

The depth of thdardened layer varies from 0.3 to
2.5 mm. The microhardness distribution along the cross
section of the roll treated according to regime: I=150 A,
V=0.9 cm &, without melting is shown &ig. 2

The modified surface, as compared with the cast
one, is baracterized by a reduced oxidation chara
teristic and high wear resistance, which are stored in
the temperature range of the rolling service.

The results of industrial tests are presented in |N€ main element of the macrostructure of thie su
Table 1 face layer is graphite of a globular form, which is-non

uniformly located in the thickness of a roll. There are
Table 1 almost no globules in the surface layer of a thickness

Fig. 1The process of roll grooves plasma hardening

Hardening and industrial tests of rolls about 50 Om, which indicate
Diare.| REYime of trez Specific weafincrease | Plasma processing of the mat?riaL In greater depths,
" | ter of ment Rolled—MM (1001 |the regak the globules are found, their linear dengiicreases
"1 rolls. | e Vi Imetal | MOt | pag- | forye- with the removal from the processing surface.bSlo
T mm chr?{ I |ems Zﬁga ened S'ngnce‘ ules ofgraphitehave a certain structure, which egpli
(1) . . . .
itly manifests itself only in the surface layer of ~ 150
530 | 1.2 |130 2.0| 673 | 0.075| 0.07 | +18 200 Om thickness. 1n uhis I
505 ) 121150 1.7) 986 | 0.175) 0.089) +73 lar-shaped areas of microize around the globules of
3| 505 | 1.2 |15Q 1.5| 1026| 0.175| 0.08 | +80 graphite is frequently observed. This occurs as a result

of melting of the matrix around the globules of drap

The groove can be hardened after a single pasg and the subsequent rapid melting of the material.
which allows to exclude the zones of tempering witilhe thickness of the surface layer with a low volume
reduced mechanical properties and determined thigction ofglobules of graphite after the operation i
maximum hardening in the areas of the most intensgeases and reaches abo@trhm.
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Structurescale levels of cast iron rolls plasma hardening  Gromov V.E., lvanov Yu.F., Konovalov S.VYE&gikgsinov D.A

At the mesolevethe roll operation subjected to At the microscalelevel electron diffraction m
plasma treatment, is accompanied by the destructi@ioscopy revealed the formation of the structure
of the surface layer forming fragments and chippingonsisting of ara-phasegphase, graphite and iron
of the material in the caact zone of adjacent Ba  carhide (cementite) in the layer. These phases are
ments. The layer, which is formed during the cilysta jgtribyted in the volume of the researched material

lization of the melt, has a strongly pronounces c in, a natural manner; their relative content esant
lumnar structure. The operation of a plasma hardene
epends on the depth of the analyzed layer.

roll on the rolling of a heattrengthened reinfoee o .

ment led to the transfmation of the columnar sity Structurally free ferrite is presented in two mo
ture with the formation of equiaxed crystallitesyha Phological state$ micronsized grains with chaotic
ingasizezof B Om. The cupsof diglocgalign,sybstaicturequith, g seajar density of ~
sizeof~08 Om are observed %-n2femi@ndpanecale arpingig. 3)

]

10000

9000 A

8000 1

7000 +

6000 A

5000 A

Microhardness, MPa

4000 +

3000 +

2000

0 01 02 03 04 05 06 07 08

Distance to the surface, mm

Fig. 2Microhardness distribution along the cross section of the roll

Fig. 3Electrommicroscope images of the structure of plakardened cast iron (nanodimensional ferrite grain):
(a) light field; (b Feahd[l0d]eerrdflexdsi el ds obtained
(c, e) electron micrdftaction patterns (the arrow indicates the dark field reflex)
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Austenite has two morphologic types: scalagrains (globules) of different shapes and sizes, as
austenite grains with dislocation density ofwell as secondary and tertiary cementite. Granular
3 . 6fcrfi?in terms of chaos and nets, and also th&ementite type usually has a dislocation substructure
interlayer and the islands of various shapes and siz(% the folrm ‘?fl randomly distributed Idl_slolcatlonsi
which are presented in the structure of martensite s N ffgo?gcr?]_'f (9r;%tllgré)den5|ty is relatively sma
vice versa, are separated by a separately _arranged>.|.he solution of cementite and graphite grains
crystals of martensite (all depends on the ratio of th o 4q o the formation of another type of structure,
volume fraction of austenite and martensite) Wltrbonsisting of submicronic cementite particless-au
scalar densityr >=5 L fci”. Graphite is presén tenite threads, and ferrite crystals or grains (in some
ed in the form of grains (globules) whose ditme cases, pearlite grainsof submicron dimensions.
sions vary from units to tens of micrometers. Characteristic electremicroscope images of such

Cementite is presented in the form of individualstructure are shown ffig. 4

Table 2
Morphological composition of plasma treatedioaist revealed by the methods of diffraction eleatioroscopy

Distance fron
the sur

0.5 layers of residual austenite, the grains of the structure free ferrite, packet and plate martensite, "aut(s®ecopelizst)
grains and layers of residuatenite, the grains of structure free ferrite, packet and plate martensites-

Morphological composition

50 mentite, grains of graphite

160 Gr_ains and Iayers of residual austenite, the _grains of the structure free ferrite, packet and plate ma
primary @mentite, cementite (secondary), grains of graphite

210 grains, islands and layers of residual austenite, the grain of th_e structure free ferrite, packet and plat
(gl obul es) of primary cementite, cautotempered

260 Layers of residual austenitegthin of the structure free ferrite, packet and plate martensite, pearlit

primary cementite, secondary cementite, grains of graphite
1100 the grains of the free structure ferrite, grains of pearlite, grains (globules) of prirgeainseshgraipdjte

Notes: layers 0.5,50,060 ar e f or mthellayérata depth di(2tiDboundasy aréa of melt and the zone of thermal influen
at a depth of 260 zone of thermal influence, the layer at a deffif®m- i s 0 udnesof teemal influenceh e

Fig. 4Electroamicroscope images of the structure of quenched cast iron: (a, d) light field; (b, e) dark fields obtained
in [031]F¢C and [122]k€ reflexes; (c, f) electron microdiffraction patterns corresponding to tfieldghtages (a, d).
A thin arrow indicates the dark field reflex; broad arrows indicate cementite globules
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Structurescale levels of cast iron rolls plasma hardening  Gromov V.E., lvanov Yu.F., Konovalov S.VYE&gikgsinov D.A

The structurgphase state of ¢hlayer at adepth t he quenched st r uc tphasee, as
of ar oundie.lallaydr begond the thermal grains (0.51 & m) a n-dustenite dépdsiisa |
influence zond consists of plate and globular pear The chaott scalar dislocation density is around
ite grains (plate pearlite predominates), pseudépeaB.2:10'° cmi®. No cementite or graphite globules are
ite grains, graphite grains, cementite globules, anseen. Judging from the morphological and phase
grains of structuréree ferrite, containing a small composition of the surface layer, we may assume
guantity of cementite nanoparticles. The layer at aignificant carburization of the material, as a result of
depth of around 260 & m tifetvdpariationtokcarimoa dtoms from theuserfacee 2z o n
has a more diverse structure, with the following At the nanoscaldevel on the surface of the
phases: residual austenite, plate and packet martglasma treatment the formation of nastale stro-
site, plate and globulgpearlite, and cementite and tures (crystallite sizes of 38 nm) on the base of
graphite globules. In most cases, pearlite is at th@-phase can be observed. The cementite particles
stage of thermal disintegration. The layer at a deptivere found outvhose sizesare ~Bnm at the cry-
of 210 em (the boundart ytal®dundéribseoh-phsséFig. 3¢ nd t he therm
influence zone) is formed as a result of rapéd r  Plasma treatment of rolls leads to the formation
quenching. The basistructural components aresau of longrange stress fields, the sources of which are
tenite and martensite. Insoluble cementite andhgrapintraphase and interphase boundafiég. 5, 6)
ite globules are present. No pearlite grains are seen. The electron microscopic imagef damellar
The brevity of heat treatment prevents equalizingearlite colonies is shown Big. 5 A series of bend
diffusion of the carbon, and consequently a highlextinction contours are formed at the cementite
nonuniform strugure is formed, containing grains of ferrite boundary.
structurefree austenite; austenite grains containing An electronmicroscope image of nanocrysta
cementite at the boundaries and within the body; auline ferrite grains formed in the surface layer on
tenite grains containing martensite crystals (from @lasma treatment is shown ig. 6, alt is evident
few percent to tens of percent, by volume); and graindat this structure contains many bend extinction
in which martensitic transformation is practically contours of different morphology. However, they all
complete and the structure consists mainly of packglegin and end at the grain boundaries. In most ca
martensite, which is typical of lonand moderate es, the contour thickness is a minimum at the ferrite
carbon steel. The | ay e rgraa bourdarigs@nt sdihly héreages ¢hunbvihg 1 6 0
(the layer formed from the melt) is characterized byway from these boundaries.
partial solution of the cementite and graphite globules  The contour thickness X is plotted fig. 6, on
and the formation of a complex structure, containingmoving from one nanostructural grain to another.
within a small volume, submicronic cementite part This motion is accompanied by undulatory variation
cles, austenite residues, martensite crystals, orisubny contour thickness, which is a minimum at the
cronic ferrite grains. Structurally, thisyler is very grain boundaries. Hence, the curvature and torsion
nonuniform; in this respect, it is similar to the layer apf the ferrite lattice and the amplitude of the leng
a depth of 210 em. A S tgndkGtlessfidids if the férriteGrainulill bPdled S € ¢
morphological composition is also formed in the-la gst at the boundary of two grains and least within
er at a depth of aroundpeSfaing Fhe lohdrge Hréss fiefds Brindafli € r e
that, in thethe brén@rycemnemtitel X &§Ftace layer of the cason roller when nao-
globules are practically completely dissolved. crystalline grains are formed may be estimated [11

A distinctive structure is formed in the surface1311 X\mh maximum c%ﬁ]tour width h = 33 nm at the
nter

| ayer . The mai nphaseoanges n : :
me nt i t ephaseTgtaies fddm a nanocrystallinetge . of tdh%hfrerﬁte g_?lg, th? tlstt'?e curvatl:re and
structure(Fig. 3) characterized by anlkau electron 0rSI0Nn and thé magnitude ol the lerange Stres

microdiffraction patterns: this indicates that thef | €1 d Wi lilraben’aen d= 052= 957 |
crystallites are smafFig. 3, c) respec.tlvely. At the boundary of the nanocrystal!me

Al ong the bou-phdsemarteless 9dfai Nfe W EOr&dcmm, awd =0 34 2
there are cementite particles. Martensite crystafPa. Obviously, very large stress may lead e m
(mainly of packet morphology) form the secondcrocrack formation at the roll surface.
structural cenponent of the surface layer. Along the ~ The andysis of the curvaturéorsion of the crg-
boundaries of the martensite crystals, there is-act al | attice-raepgpeasdreéese fr
mentite layer formed as a result of gelfnpering of shown inTable 3
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Fig. 5Electron microscopic image of lamellar pearlite colonies (a) and the dependence of thickness
of the bending extinction contour from the distance to the interface between cementite and ferrite plates (b).
On (a) the arrow marks the extinction bendingggnndicating the curttersion of ferrite plate lattice

100 150 200 250
X, nm

o
84

Fig. 6 Electrommicroscope image of nanocrystalline ferrite grains formed in the surface layer
of plasméhardened cast iron (a) and dependence of the thickness of the bend extinction contour
on the distance to the boundary of the nanocrystalline ferrite (@aifibe arrow in the microphotograph indicates
the bend extinction contour, indicating bend and curvature of the ferrite lattice

Table 3
Curvatureorsion and longange stress fidbs
Structural elements h, nm ¢, 1@ rad cm S, MPa
h(min) h(max) c(min) c(max) s(min) s(max)

. . 250 715 2,4 6,8 210 350
Grains of structure free ferrite 50 230 35 75 245 360
. 24 56 30,4 71 730 1120
Lamellar perlite 31 108 15.5 55 525 982
. . . 5 33 52 340 957 2450
Nanosizeterrite grains 10 >0 85 170 1225 1730

Notes: Numeraiaafter plasma hardening, denoniirmatort e r  t hosrvasussarsion of aystal lattice Jongrange stress fields.

The service of a plasma hardened roll leads to eéharacteristics at the subsequent operation.
redistribution of longange stress fields, however,  Plasma strengthening treatment of rolls leads to the
the maximum stress level is stored in the structurdrmation of the melting zone and the heéfected
of the surface layers, namely, in the structure ofone (macrolevel). The layer formed as a result ofhigh
nanosized grains of ferritdé s = 1730 MPa, but speed crystallization of melt has a columnar structure
their magnitude becomes slightly lower as comparel me s ol e v e | )-p h arspbase fgaphiteand U

to plasma hardened rolls € 2450 MPa). cementite are distributed in the volume of tiee r
_ searched material in a regularanner, their relative
4. Conclusion content and morphology strongly depend on the depth

At different scaled levels (macfomese, micro-  Of the layer (microlevel). In the surface layer the fo
and nang we defined the nature of the formation andnation of a nanocrystalline grain structure is revealed,
changes in structure phase states, disteatibstro- ~ Which is based oa-phase (the size of crystals is&5
ture of cast iron rolls at modemn strengtheningtireaM), Stabilized by cementite particles of -5 8m size
ments that provide a significant increase of servicéanolevel). The maximum range of lerange stress
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EFFECT OF RISING WEA R-RESISTANCE BY PLASMA
TREATMENT OF CARBURI ZED STRUCTURAL STEEL

Cheylyakh Y.A!, Cheiliakh O.F, Mak-Mak N.E?, Kazumichi SK.

1Y1yich Iron and Steel Works PJSC, Mariupol 6, Ukraine
2 priazovskiy State Technical Universitar i upol 6, Ukraine
3 Muroran|nstitute of Technologiesyluroran Japan

Abstract Plasma treatment, owing to high concentrated rapid heating, ensures microstructure dispersion and creates
the possibility of the formation of met&iable phasstructural austenite modifications in carbonized surface layers of
metal parts. The objective tife work is to investigate opportunities for strengthening and improving wear resistance of
structural carbonized steel by modifying the amount and-statility of austenite, by means of plasma treatment.

Metallographic and Xay research was used,wasll as measurements of hardness and mharaness toughness.

Wear resistance was tested at dry friction of metal sliding against metal.

Following plasma treatment with micfou si on (v a1500Aw4) , there happens to
18my u st e e-rystalimé martendité dispersed with carbonized particles is observed at a small amount of
residual austenite (2B5%).

An effect of selfstrengthening at the process of testing was reached due to the realization of Deformation Induced
Martensity oret. YU’ Transformation at wear (DI MTW).

Keywords Carbonization, plasma, micifoision, treatment, residual austenite, rrtthility, transformation, ma
tensite, wear resistance.

1. Introduction 2. New approaches of phasstructural
modification of saturated layer.

The problem of increasing wear resistance and Materials and methods of investigation

service lives of carbonized machine parts remains a
vital one. The applied methods of heat treatment are For specifiedoroperties of saturated layersgir
restricted to quenching, usually from 780 @ teri}  spective of a method of TChT the final heat trea
peratures, ensuring obtaining of the structure af mament, forming most appropriate pheaseuctural
tensite and cementite at minimal amount of residugtate seems to be of a paramount importance. The
austenite § ) [1]. Presence 0  in the structurés  bulk of contemporary approaches to formation of
considered harmful in the majority @forks [1, 2]. Phasestructural state ofhe surface layer presume
Only some works [&] indicate its positive influence obtaining a structure in a form of a mixture of high
upon wear resilience of carbonized steels. carbon or higinitrogen quenching martensite and

Plasma treatment is characterized by highpartlcle_s of hard phasescarbides, n!trldes, ._carbon
concentrated heating at a high rate [8], it givingpnoP 0T i des et al . Rednsideed d au
portunity of influencing upon the degree ofviing of (0 be undesired imany cases, as it undermines
excess carbides, present in carbonized layers. s a fardness, fatigue durability and wear resistaree u
sult of their solution and dispersing of the micro 9€7 C%Ud't'ons of”sh(ilng friction.  That is ,&Y:Vhy
structure opportunities of modifying the amounbal ?euningr;rt]gr,eg (i)sms]ae)c/:’ifier(? r:sL z; sta%%;rd rr?oge of5 figal
and _the _degreg of its meseability emerge ], thus hea{) treatment, OE guenchimgth subcooling from
ggglg%elélgoaiwgvtgrC?digfoglrgr%eg:‘ezgglggttifn o he temperatures of carburizing (nizarburizing)

' . ; p to these temperatures in oil and then a-low

plasma treatment for strengthening of carbonizgd la

) : temperature tefmpering (180c¢
ers has not been thoroughly investigated yet Still, in some investigation, (including thoserpe

The objective of the work is to investigate e 0 ¢ o v med at SHEI AP Sifflueace i nd i
portunities of additional stretfgening and improving o 4 presence of certain amounts and a degree af met
wear resistance of carbonized steelrégulating the g ¢ 3 b j | 4 for ymprovemenp in mechanical and
amount of austenite, by means of plasma treatment. fynctional properties of saturated layers. Its improv
ment is possible only at optimum relationship between

O Cheylyakh Y.A.Cheiliakh O.P.Mak-Mak N.E., Kazumichi Sh2016
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guenching martensite, carbidesdan.fand also at formation;

some degree of metastability of the latter, it depending - structural destabilization, caused by am i

upon the specified properties, operation conditiongrease in austenite_grain and reduction of disloc
(testing Cond't'Ons)fettOOftiorEBehs‘itys- So, retaining of ¢
gether with martensite and particles of hard phases can _ action éf the magnetic field, stimulating ma

be described as aew approach to developing of tensite transformation, owing to a raise ofgdint.

promising TChT technologies. o . .
Such treatment should be aimed at optimization C@arburizing steel 18CrMnTi was performed in a

of the phase content of the saturated layers and t@x furnace in production - conditions machine
degree of m et DIMTtoBvihicH en-t yMAS;‘vI}/IA arburizer solid at temperatures 920

sures the effect of seffrengthening in the peess 20U C 61 holrg, cooled in a box. Plasma
of testing and operation, it becoming an additionafa"deéning was performed using plasmatron "PPU

factor of increasing mechanical and operationaf0%4" indirect actiondesigned at SHEI "PSTU" su
properties. To do it is necessary to utilize all poss N9 argon as the plasma gas. Treatment regimens are

ble mechanisms and instruments of stabilization, opNOWn intable).

otherwise, destabilization of austenite. Tablel
To the factors of stabilization of austenipgo- Operation parameters of plasma treatment
moting growth of its amount and the degree of its of 18CrMnTi steel
stability at loading toeY INj DI MT t he [ fol TOWERG. Rate
ones belong: Mode | rentl, | sumption T,AC | motior Deﬂ%;echcl)a:'
- thermal stabilization, due to relaxation of-m | number| ¢ Q niis V, m/h
cro-stresses and blocking of dislocationsiitgerst- 1 12 800 | o, ¢ | heating witho
tial atoms; 900 : melting
- mechanical stabilization, due to increase qf 2 12 1131%% 50 heart];g?ti‘r’:’gho
density of dislocations in austenite, under the actign 300
of plastic deformation, like at TMT or surface pla 3 12| 1500| 33,3 | micremelting
tic deformation (SPD); 4 12 1600| 25 |medium melti
- chemical stabilization, owing to an increase of g5 12 |>170d 8,13 | macramelting

the contehof austenitdorming and other elements
(carbon, nitrogen, chromium, manganese, nickel, 3.Results of research and their discussion

silicon etc.), decreasing dyoint; ~ Application of rapid ways of high energy st
- high-energy stabilization, caused by applicatioryace heating, like, for example, with high frequency
to the material high concentrations of thermal energyyrrents (HFC), plasma jets, laser or electron beams
like at laser, plasmar @lectrorbeam action; opens additional opportunities of strengthening of
- kinetic one, due to the peculiarities of the k carpurized layers. If plasma action is used for
netics an the mechanism of phase transformations mremthening, then, heating to different tengper
saturated layers, like at bainite or isothermar-ma tyres should be considered, it depending upon the

tensite transformations; value of heat input and is regulated by the param
- structural stabilization, due to smaller grainters of plasma treatment.
size d austenite. Plasma heating of steel 18CrMnTi was carried

Factors of austenite destabilization saturated gyt without melting at different tempéuaes within
layers, promoting reduction of its content and-act the range from 800 to 138D and the melting of the
vation ofoeY U NJMT are the following: surface layer of varying degrees: mienelting ¢ =

- chemical destabilization, connected with an=1 4 0 0 é AC5, Othe average meltingt (=

decrease of concentration of austefitening (C, =1500é 1600 AC) a-medting t(th>e ma c
N, Ni, Mn, Cu, Co) and other alloying elements (Cr,>1600/C) which regulated by the speed of vertical
Si) in austenite, it causing ah increase af @dint movemen of the plasma jet relative to a horizontal
and promotes reduction of its amount in the stru surface of the samples with speeds ranging from 81
ture and activategeY U NJMT; to 625 mm/min. After plasma exposure naturall-coo
- mechanical destabilization, due to an increasig of the strengthened areas, due to heat comducti
of the level of internlastresses, like at plasticed ity occurred.
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After plasma quenching from relatively lowii- After plasma quenching from higher temger
peratures (800é900AC)g-imnunée <€ aiChndcloétrmcdu Ofteycamsr a s
nificantly greater amount of 4 in carburized layer rized layer in steel 18CrMnTi was characterized by
(Fig. 1, ayvas observed apart of martensite and cagreater dispersion of the carbide phase and sitgs A
bides. It is located in bright microdomains betweenvhich were evenly distributed over the depth of the
martensite needles. According to the deptthethad-  layer(Fig. 1, b)This is due to the start of dissolution
ened layer the amount ofA decreased and mame of cementite particles in the austenite, but some of
site is characterized by high dispersion and hardnessthem are retained in the structure.

urfce Surface

Y
.

by core

B)

aQ 800éMO0AAR®0€1400Awu
Fig. 1 Microstructure of carburized steel 18CrMnTi after plasma hardening at different temperatures
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Gradually, the structure becomes a sorlike tended, gradually transformed into fingystalline
mixture. As a result of this treatment, the hardnessixture of (M + cementite + 4).
of the hardened surface layer increased slightly from Coarsely grained rougtrystal structure coer
HRA 72 during quenchi nsponds tothenzore 0fGeinelthg Ag&inet stro-

HRA 74 (Fig. 2) ture corresponds to plasma heating zone (without
After plasma treatment with micmoelting at  melting), followedby a narrow transition zone from
temperatures of ~ 15 0-0Al® plasmahardendd metat to unhaedenedmetalh e h a

ened layer varies considerably time surface zone With increasing temperature plasma heating
(Fig. 3, a)A lot of cementite particles and martensitehardness of reinforced carburized layer varies
needles and a small amount of;Are observed. As along the curve with a maximum (HRA 80), which
the distance from the surface to the core increasesor r esponds t o heaatitemg of
the amount of A;and cementite gradually deceea per at ures up to about 1700
es while quenching martensite hardening increasem HRA 60 that can be attributed to an increase in
Further hardening depth structure passes into thihe content of A..
mixture of troostomartensite andneentite. Thus, the plasma treatment of carburized steel

As a result, the pl as m3CrMnTi, eepéendirgron theaheat inpotcandtat-hda5 0 0 A
leads to increase of the hardness up to HRA 80. It camg temperature can significdyn change the miar-
be explained by disperse structure and the increasestfucture of the saturated layer, which achieves a

degree of solid solution saturation with carbon. superior dispersibility, with different amount of-i
With increasing temperatures of plasheating creased content 4
(~1600)C and > 170£C), a significant macro It was found that different quantity offand its

melting becomes obvious. The microstructure of thdispersion structure determining the degree af st
remelted surface layer consists of rather large- nebility and its ability to deformationeY U RJMT in
dles of martensite and cementite particles on theear (DIMTW), which significantly affects the pe
background of A (Fig. 3, b)This area is quitex- formance characteristics [5].

90
S0
70

T~

800-900°C  1200-1400  1500°C 1600°C =1700°C
Température plasma treatment, °C

Fig. 2 Effect of plasma treatment temperature on hardness carburized steel 18CrMnTi
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Surface
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-~

B) 1300A®0)0AW,700Avu
Fig 3.Microstructure of carburized steel 18CrMnTi after plasma hardening at temperatures

Experimental test results for dry sliding wear byand hardness than that of quenching martensite.
scheme-mégmatl &l arFg. 4Dbpendv n An additional and very significant contribution to
ing on the temperature of the plasma heatinthe imgovement of wear resistance is given by
changed the relative wear resistance according to thg,Y U IIMTW that provides the effect of strain
curve with a maximuml)= 3.7 (similar hardness hardening of the surface layer itself. Note that
change), whih corresponds to micnmelting at DMTW accompanied with micrstressing relax-
1500C. This is explained by obtaining the mosttion is an effective mechanism for redistribution
dispersed mixture of quenching martensite, camenand absorption of input echanical energy of fti
ite with a high content of metastablgA tion and wear.

DevelopingaeY U BMTW itself was accm- The lowest values dof)= 1.6 correspond to the
panied with additional hardening of a thin surfaceplasma remelting at temperatures >1A00which is
|ayer in the process Of wear, as formed by the teﬁSSOCiated W|th the fOI’mation Of coarse CrySta||ine
deformation martensite has a higher dispersioftructure.
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3.5
3
s / \
w 2 \
1,5
|
0,5
0 | | | |

800-900°C 1200-1400 1500°C 1600°C > 1700°C
°C

Temperature plasma treatment, °C

Fig. 4 Effect of plasma treatment temperature on the relsareesistance of carburized steel 18CrMnTi

Thus as the result of plasma strengthening of thguenching with heating tempeuat e s at abol
carburized steel surface layer of 18CrMnTi gragle 12001400/C and 1508C) i nt r o da¥cdJeds st r
means of controlled heat input values of the plasmaartensite transformation at wear.
jet, provides differential phassructural states with

different content and the degree of retained austenite References
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Abstract It is primarily the microstructure thated  steel to be used for steel cord production. phepose
termines the mechanicploperties and performance of of this work is to study the effects of metallurgical
steel products, as well as their processability. Thdactors and heat treatment on the structure of wire rod
technical literature describes the effects of the inetadesigned for steel cord production, and to develop an
lurgical quality of primary steel sections and obpr efficient endto-end process technology comprising
cess and heat treatment parameters on the structure astdel making, refining, continws casting, rod proau
propertes of high carbon wire rod. However, seim tion and heat treatment processes using a Stelmor line
times it is not easy to identify the best processes to gethich ensures a required scope of steel cord properties
a finely dispersed pearlitic structure, the required d and a highly efficient thin wire drawing and stranding
carbonization and other properties in cast and rollegprocess. Among the techniques applied, standard-spe
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trometers were sed to determine the chemical camap properties]. Magnitogorsk: NMSTU, 2009, 187 p.
sition of steel. The metallographic study wasr-pe 6- Savenok A.N., Vedeneev A.V. New Advances in Steel Cord Pr

formed through scanning optic and electron micoesc ductionS t [Steefi. 2004, no. 10, piE10

. . - Stolyarov A.lu. &épgdate equipment for steel cord production.
py. The chemical segregation and the chemical @mp Mekhanicheskoe nimpvanie metallurgicheskikh zafidelov

sition of.nonm.etallic inclusions were Qnalyzgd through  chanical equipment of metallurgical plants]. Interdiséiplinary sc
energydispersve and wavelength dispersive -ray entific papers. Ed. Korchunov A.G. Edition 2. Magnitmgorsk: Pu
spectroscopy on an electron probe micro analyzer lishing House of Nosov Magnitogorsk State Technical University,
(EPMA). Microhardness was measured at different 2013, pp. 14652.

loads using a microhardness tester. The wire rod Wa% Vedeeev A.V., Panizovich V.S. New Trends in Steel Cord
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tested on tensikesting machines. Dilatometric tec no. 4 (36), pp.-85.

niques were appliéto build a CCT diagram. The Ofi 9. Gordienko A.l., Kry@feferenko V.V. Perspectives of Process
inality of the study includes development of proven  Technology Application in Steel Cord Protitgébmeth
solutions for austenization temperature for high carbon lurgiydCasting and Metallurgy]. 2009, no. 2 (51);143. 138
wire rod to ensure an efficient cooling rate at the air 10. Alekseev Iu.G., Kuvaldin Mtallokord dlia avtomobilnykh

cooling stage. The efficient cooling rates were idtent shin[Steel cord for automobile tyres]. Moscow: Metallurgiia,

- . . . 1992, 192 p.
fied when analyzing the CCT diagram. The following 11. Stoliarov A.lu., Tokarev N.V. Forming of a Homogeneous Pearlitic

proven patterns have been established. The steel is gtucture of a Patented Workpiece in the Production of High
microalloyed with boron at the boron to nitrogen ratio  Strength Tyre ComlietiiMetalwale2011na 1,pp 1824.

of < 0.4 to prevent the negative impact of free borori2. Abramenko O.V., Zaytseva T.L. 25th Anniversarysef Beloru
and nitrogen when boron causes increased habllena ~ Sian SteeCord.Chernye metal[fferrous metals], 2012,

: - : : no. 10, p. 1PO0.
Ity.and hitrogen Ieao_ls to. ferrlFe strengthen_lng and .Steej!s. Sychkov A.B., Zhigarev M.A., Stoliarov A.lu., Sheksheev M.A.,
aging. Steel contamination with nonmetallic inclusions™ ™ Zi, v ova S.u.. Malashkin Sl@allurgicheskie i metafiove

was studied and effective solutions were offered on  cheskie aspekty proizvodstva vysokouglerodistoyHigtianki
how to modify them. The heat treatment process of 70  carborwire rod production: Metallurgical and physicametallurg
85 steel involves austenization @0-980°% and cod cal aspects]. Magnitogd¥sisov Magnitogorsk State Technical
ing at the rate of 280%/s with sorbitic pearlite University, 2014, 257 p.

: 0 : - 14. Bogdanov N.A., Kutakov A.V., Sychkov A.B. et al. Gn the justif
formed covering at least 70% of the rod section. Thid cation of a limited addition of s mdtain carbon wire

results in the best combination of wire rod structure rodS t [Steed]. 2000, no. 1, pg6®7

and properties with high processability meeting bothis. zaytsev A.l., Zaytseva I.E., Shakhpazov E.Kh. et al. A feasibility
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Abstract The corrosion and electrochemical b&ha at concentrations of 0.03, 0.3 and 3.0%, causdsfain
ior of the Al + 6% Li alloy doped with yttrium was stu  the corrosion and pitting potential of alloys into theipos
ied in a NaCl solution with the help of a potentiodynamictive range. The same happens with the repassivaten p
mode of the potentiometric method at a potential scatential, which indicates that the pitting centres created
rat e o f-1. PekélatiBnship between the fre@-c  have a better passivation in neutral media.
rosion potential and the time of the original Al + 6% Li With increasing concentration chlorideions in the
alloy and yttrium alloys shows a potential shift towardsNaCl electrolyte the pitting potential of the Al + 6% Li
more positive values. At the same time the free corrosioalloy doped with yttrium shifts into the negative range.
potential of an alloy containing 0.05 wt.% yttrium has aAn increasing concentration of chlorifins causes a
more negative value thathe original alloy. Furthern-  higher corrosion rate in alloys independent of thein€o
crease in the yttrium concentration will result in the freeposition.It was demonstrated that the addition of yttrium
corrosion potential shift towards positive values. Yttrium,resulted in an almost twofold lower corrosion rate of the
when added to the Al + 6% Li alloy in the NaCl solution Al + 6% Li alloy in the NaCl solution.
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