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Summary

The paper is concered with determining the inflgent the laser treat-
ment process on thexploitation properties of electro spark coatings.
The properties were assessed after laser treatoyesabalysising micro-
structure, measuring the microhardness, frictiogffcment and corrosion
resistance. The tests were carried out for Mo am@d@atings (the anode)
electro-spark deposited over the C45 steel subsfthe cathode)and
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molten with a laser beam. The coatings were degbdiyy means of an
ELFA-541. The laser treatment was performed withN@hYAG, BLS
720 laser. The coatings, whether laser-treatedogrexhibit very good
performance properties and high reliability, anid thakes them suitable
for use in sliding friction pairs.

INTRODUCTION

A number of modern surface processing methods msmargy flux. The
examples include electro-spark deposition and lasatment. Electro-
spark deposition (ESD) is a cheap high-energy podgeveloped in the
post-war period, the technology has been frequentidified. Its main
advantages are the ability to select preciselyatiea to be modified, the
ability to select the coating thickness, which magge from several to
several dozen micrometers, good adhesion of angp#ti the substrate,
and finally, cheap and simple equipment for coatiagosition.

The processes of coating formation on metal padiiding electro-
spark deposition involve mass and energy transpocompanied by
chemical, electrochemical and electrothermal reasti Today, different
electro-spark deposition techniques are used;dheguitable for coating
formation and surface microgeometry formatianJ-5|.

As electro-spark coatings are reported to be srgi$p wear and cor-
rosion, they can be applied, for example, to

— ship propeller components,

— casting moulds,

— fuel supply system components,
— exhaust system components.

Electro-spark deposited coatings are not free famsadvantages but
these can be easily eliminated. One of the metiwdaser treatment;
a laser beam is used for surface polishing, surfgmametry formation,
surface sealing or for homogenizing the chemicahmasition of the
coatings deposited.[ 6-7].

The work discusses the properties of electro-sdagdosited Cu-Mo
coatings subjected to laser treatment. The pr@gsemiere established
basing on the results of a microstructure analysisfohardness and cor-
rosion resistance tests, tribological studies.
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EXPERIMENTAL

The tests were conducted for Cu-Mo coatings pradilgeelectro-spark
deposition, which involved applying Cu and Mo etedes with a diame-
ter of 1 mm (the anode) on the C45 steel subsf{th&ecathode). Here
copper constitutes the core coating material in forenation of low-
friction surface layers; it also compensates fer diocurrence of residual
stresses. Molybdenum act as the reinforcing ciestis. The coating
materials, i.e. molybdenum (99.8% Mo) and copp&.24% Cu) in the
form of wire (@ = 1 mm) were purchased from BIBUS Metals Sp. z 0.0
(certificate included).

The heterogeneous coatings were electro-spark diegposn C45
steel substrate by means of the ELFA-541 madeBylgarian manufac-
turer. Basing on the analyses of the current cheniatics as well as the
manufacturer's recommendations, it was assumedthleaparameters of
the ESD operation should be as follows: currergnsity | = 16 A (for
Cu | = 8A); table shift rate V = 0.5 mm/s; rotatal speed of the head
with electrode n = 4200 rev/min; number of coafpagses L = 2; capac-
ity of condenser system C = 0.4F; pulse duration {T= 8 us; interpulse
period T, = 32ps; frequency f = 25 kHz.

The subsequent laser treatment was performed hgtlaid of a BLS
720 laser system employing the Nd:YAG type lasaratng in the pulse
mode. The following parameters were assumed forabker treatment:
laser spot diameter d = 0.7 mm; laser power P 3\2eam shift rate
V = 250 mm/min; nozzle-sample distance h = 1 mmisguuration
ti = 0.4 ms; frequency £ 50 Hz.

RESULTS AND DISCUSSION
Microstructure analysis

A Joel JSM-5400 scanning microscope equipped witlDaford Instru-
ments ISIS-300 X-ray microanalyzer was used to ttestcoating micro-
structure. Figures l1a show the microstructure etteb-spark deposited
two-layer Cu-Mo coating. The layer thickness isragpnately 8—1Qum,
and the range of the heat affected zone (HAZ) ensite (underlying)
substrate material is about 10—{i&. In the photograph, the boundary
line between the two-layer coating and the sulestistclear. There are
microcracks running across and along the coatinghear analysis of the
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elements Kig. 1b) of the Cu-Mo coating shows that the distributimin
elements is non-uniform; there are zones with greabncentrations of
Cu, Mo and Fe. Analyzing the linear distributionetéments, one can see
that the adhesion of the coating to the substsaté diffusive type. There
is no clear separation of components either in @heMo coating
(Fig. 1b). A higher content of carbon reported in the etespark depos-
ited Cu-Mo coating is a result of ascending diffusi Carbon from the
C45 steel substrate travels to the electro-spapgosited technological
surface layer (TSL) because of thermal interaction.
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Fig. 1. Microstructure (a) and linear
distribution of elements (b) in
the Cu-Mo coating

Rys. 1. Mikrostruktura (a) i
liniowy pierwiastkéw (b) w pa
wioce Cu-Mo

Fig. 2. Microstructure (a) and linear dis-

tribution of elements (b) in the Cu-
Mo coating after laser treatment

rozkle Rys. 2. Mikrostruktura (a) i rozktad liniowy

pierwiastkow (b) w powloce Cu
Mo po obrébce laserowej r
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radiation caused intensive convective flow of tigeid material in the
pool and, in consequence, the homogenization othieenical composi-
tion (Fig. 2b). It also led to the structure refinement and higiaturated
phase crystallizationHg. 28) because of considerable gradients of tem-
perature and high cooling rates. The technologscaface layers, pro-
duced by laser alloying, were free from microcraald pores — an effect
of surface sealing, and non-continuities acrosstating-substrate inter-
face. There was practically no change in the chahtiemposition of the
substrate. The thickness of the fused two-layerMoueoating ranged
20—-40um. In the heat affected zone (HAZ), which was 20gB0thick,
there was an increase in the content of carban 2b).

Microhardness tests

The material microhardness was assessed usingitker¥ method and
a Hanemann tester. The measurements were perfoumeéer a load
of 40G. The indentations were made in perpendicoigrosections in
three zones: the white homogeneous difficult-tdretoating, the heat
affected zone (HAZ) and the substrate. The testltee$or the electro-
spark deposited Cu-Mo coating before and afterrldssatment are
shown inTables 1and2. Electro-spark deposition caused changes in the
microhardness of the material. The microhardneshefsubstrate after
electro-spark deposition was on average 28Q ¢iz\Mhe same value was
reported for the substrate before the process.eTWwais a considerable
increase in microhardness after depositing therbgémeous Cu-Mo
coating. The microhardness of the Cu-Mo coating wpprox. 587
HV.04— a rise of 110%. The microhardness of the Cu-bHting in the
heat affected zone (HAZ) after electro-spark tremtirwas 51% higher
than that of the substrate material. Laser treatriad a favorable effect
on the changes in the microhardness of the elsgtaok deposited of the
Cu-Mo coating. There was an increase of 161% imtieohardness of
the Cu-Mo coating.
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Table 1. Results of the microhardness tests for theCu-Mo coating before laser
treatment
Tabela 1. Wyniki pomiaréw mikrotwardo powtoki Cu-Mo przed obrékklaserovy

Measured l\|>l/| |crohardne?s Hvob’°4 Mean value
70nes 1 easuren21en number 5 HVo.e
Coating 566 606 589 587

HAZ 428 437 401 422

Substrate 282 285 276 281

Table 2. Results of the microhardness tests for th€u-Mo coating after laser
treatment
Tabela 2. Wyniki pomiaréw mikrotwardo powtoki Cu-Mo po obrébce laserowej

Measured ll\ﬂ/hcrohardneis HVob,o4 Mean value
20n6S 1 easuren;en number - HVo0s
Coating 714 742 734 730
HAZ 583 612 578 591
Substrate 289 274 280 281

Tribological tests

The friction coefficient of coatings was studiedtta¢ Laboratory of Tri-
bology, Kielce University of Technology. The coeféint of friction for
Cu-Mo coating before and after laser treatment determined using
a T-01M — pin on disc type tribological tester. Tiester enables con-
tinuous measurement of the friction force at a Ised. The pin of
@ x 20 mm was made of medium-carbon steel with @ress of
27 HRC.

The testing was performed at the following paramsete

— load Q=10N,
— rotational speed n =382 rpm,
— test duration t = 500 s.

Figure 3 shows friction coefficient in the function of tinz a load
of 10 N. This diagram illustrates the Cu-Mo coatingfore and after
modification with a laser beam. Dry friction obsedvin the case of the
coatings resulted in the transformation of the oldger into a surface
layer. This was mainly due to the sliding stressed speed, and the in-
teraction with the medium. The state stabilizatidithe antiwear surface
layer was observed.
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In Fig. 3, one can see stabilization of the friction coédint after
80 sec., its value fluctuating at 0.16-0.18. In¢hse of a laser modified
Cu-Mo coating, the friction coefficient stabilizester 240 sec., and its
value fluctuates at 0.35-0.37. The average friatimefficient of a Cu-Mo
coating is lower than that of a laser-modified Co-kbating (at the mo-
ment of stabilization).
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Fig. 3. Relationship between friction coefficient ad time
Rys. 3. Zaleno$¢ wspoétczynnika tarcia od czasu

Corrosion resistance tests

The corrosion resistance of the Cu-Mo coating dredunderlying sub-
strate before and after laser treatment was ardlyzeg a computerized
system for electrochemical tests, Atlas’99, produbg Atlas-Sollich.
The potentiodynamic method was applied, because néported to be
one of the most effective methods of electrochehtésding.

The cathode polarization curve and the anode pealdon curve
were determined by polarizing the samples with &l shift rate of
0.2 mV/s in the range af200 mV of the corrosive potential, and with
0.4 mV/s in the range of higher potentials. Sampliés a marked area of
10 mm in diameter were polarized up to a potemid&d00 mV. The po-
larization curves were drawn for samples expose@4adhours to a 3.5%
NaCl solution so that the corrosive potential cobéd established. The
tests were performed at a room temperature %€ 2¢1°C).
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Table 3. Current density and corrosion potential ofthe materials tested
Tabela 3. Wartéi gestaici pradu i potencjatu korozyjnego badanych probek

Material Corrosion current density Corrosion potential
Ik [uA/cm?] Exor [mV]
C45 112 £17.8% -458
CA4b+laser 86.4 +16% -522
Cu-Mo 429 +11.8% -620
Cu-Mo+Laser 30.7 £2.6% -629

Figure 4 shows example diagrams of the polarization cupfethe
surface layers. The characteristic electrochemiahles of the materials
under test are presentedTiable 3. The electro-spark deposited coatings
were reported to have similar corrosion resistanddat of the substrate
material. A system with a two-layer coating is ased to fulfill two
functions: increase corrosion resistance and vesastance. The coatings
which contained Cu acted as cathodes. Resistanwednand corrosion
depends on the quality of coatings, particulargirtsealing properties.
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Fig. 4. Curves of the Cu-Mo coating polarization: @ before laser treatment,

b) after laser treatment

Rys. 4. Krzywe polaryzacji powtoki Cu-Mo: a) przelroblka laserovd, b) po obrobce

laserowej

The Cu-Mo coating was reported to have the higbesbsion resis-
tance. The corrosion current density of the coatirmp 42.uA/cm?,
while that of the C45 steel substrate was gAZm?® Applying the
Cu-Mo coating improved the sample corrosion restaby approx.
162%. There was some improvement in the corrostsistance of the
electro-spark deposited coatings after laser treatnThe healing of mi-
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crocracks resulted in higher density and therebmtter sealing proper-
ties. The highest corrosion resistance after laeatment was reported
for the Cu-Mo coating (£30.7 pAlcm?). For the C45 steel substrate, |
was 6.4uA/cm?®. Thus, the corrosion resistance increased by &®gb
after laser treatment. Laser treatment improvedstiitace smoothness
and corrosion resistance; there was a decrease isurface roughness,
Ra, from 2.02um to 1.75um.

CONCLUSIONS

1.

2.

A concentrated laser beam can effectively nyottie state of the
surface layer, i.e. the functional properties et&lo-spark coatings.
There is no change in the chemical composiioelectro-spark de-
posited coatings after laser treatment in spitdeir melting and so-
lidification. The results of laser radiation are thomogenization of
the chemical composition, structure refinement #rel healing of
microcracks and pores.

The average value of the friction coefficieaut the moment of stabi-
lization) obtained during the tribological tests &Cu-Mo coating is
approximately 54% lower than that obtained forsame coating af-
ter laser modification.

Laser treatment caused a 20% increase in tbehardness of the
electrospark deposited Cu-Mo coatings.

Laser radiation causes an improvement in thetional properties of
the two-layer electro-spark deposited Cu-Mo coatirgy they ex-
hibit higher resistance to corrosion.

In the next phase of the research, it is esdettt determine the
phase composition and porosity of the coatingsreedod after laser
treatment.
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Streszczenie

W pracy badano wptyw obrébki laserowej na wi&ciwosci powtok
nanoszonych elektroiskrowo. Oce¢ wiasciwosci powtok po obrébce
laserowej przeprowadzono na podstawie obserwacji kiostruktury,
pomiaréw mikrotwardo sci i wspétczynnika tarcia oraz bada od-
pornosci korozyjnej. Badania przeprowadzono, wykorzystusc Mo
oraz Cu jako materiaty powtokowe (anody) naktadaneslektroiskro-
wo na probki ze stali C45 (katody), a nagpnie przetapiane wiazka
laserowa. Do nanoszenia powtok elektroiskrowych iyto urzadzenia
produkcji butgarskiej, model ELFA-541. Obrobke laserowa nato-
zonych powtok elektroiskrowych wykonano laserem Nd:AG, model
BLS 720. Powioki tego typu zarébwno przed, jak i pmbrébce lasero-
wej maja dobre wtasndci i moga znalez¢ zastosowanie wlizgowych
weztach tarcia.





