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Effect of laser irradiation on structure and properties
of composite coatings

It is shown that the laser radiation is much «mixes» coating Cr—Mn—Si—Cu—Fe—Al with the near-surface lay-
ers of the basics, like changing the structure of the coating and its elemental composition at different points of
the sample. From the XPS analysis that the content of coating element deviates from the average content of
the coating prior to laser irradiation, but they occur at specific points in the coagulation of the sample. Occur-
rence coagulates can be associated with diffusion processes coating transfer elements (diffusion rate is usual-
ly small in this case), and hydrodynamic processes under the influence of laser shock waves in the liquid
phase of the coating. To coating the Cr-Mn—Si—Cu—Fe—Al+Ti in an argon environment friction coefficient
decreases after laser processing, and micro-hardness increases. The first effect is associated with a decrease in
roughness of the coating when the laser beam reflow. The second effect is due to the formation of the disloca-
tion structure of the coating with a sharp heating-cooling. When coating Cr—Mn—Si—Cu—Fe—Al+Ti in a nitro-
gen environment are formed in the last field containing chromium and titanium nitrides, and XPS data on the
contents of the two components is approximately the same.

Key words: laser radiation, the coating composition, the X-ray elemental analysis, the structure, microhard-
ness, friction surface layer.

Introduction

In recent years, increased interest of researchers to synthesize multi-element vacuum coating methods
[1-10]. This is due to the fact that such compositions virtually impossible to obtain by conventional metal-
lurgy techniques.

Modifying the properties of materials by laser radiation on the physical essence boils down to the local
thermal effect. Therefore, it is determined by thermal parameters of the material, the power density and the
time of radiation exposure are generally specific amount of energy absorbed by the material and the rate of
its dissipation.

This paper presents the experimental results of laser irradiation on the properties of composite coatings.

Experimental technique

In this paper we used the cathodes Cr-Mn-Si-Cu-Fe-Al, obtained by the method of induction melting,
and titanium cathodes brand BT-1-00 GOST 1908. The coatings were applied to a steel substrate by ion-
plasma method to install HHB-6.611 while sputtering cathodes mentioned above. A quantitative analysis of
the elemental composition of composite cathodes and coating was carried out on JEOL JSM-5910 electron
microscope. A study of microhardness of composite coatings was carried out on the Hardness HVS-1000A.
The microstructure of the coatings was determined by metallographic microscope Epikvant. Coatings were
deposited in argon and nitrogen. As the laser radiation source used in the YAG doped with neodymium
A= 1064 nm. The duration of the flash of the laser pump lamps operating in free-running mode, was 2 10~ s.
The energy of the laser pulse was 1 J and before the experiment was measured using IMO-2N, the laser pulse
repetition rate was adjusted from 0.1 to 35 Hz.

Experiment results

Figure 1 shows the microstructure of the coating Cr-Mn-Si-Cu-Fe-Al, and Figure 2 — XPS before laser
irradiation (tables 1, 2).

18 BecTHuk KaparaHguHckoro yHusepcureTa



Effect of laser irradiation...

sample | 30,007 %2000 20urm

Figure 1. Electron microscope image of a coating
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Figure 2. XPS coating Cr-Mn-Si-Cu-Fe-Al
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Table 1
Elemental coating composition Cr-Mn-Si-Cu-Fe-Al
Element Wt % At % K- Ratio Z A F
N 2.89 8.88 0.0151 1.1767 0.4433 1.0024
O 5.72 15.38 0.0387 1.1656 0.5765 1.0057
Al 0.17 0.27 0.0010 1.0846 0.5532 1.0010
Si 0.29 0.45 0.0022 1.1226 0.6748 1.0020
Cr 89.08 73.67 0.8754 0.9802 1.0010 1.0015
Mn 0.00 0.00 0.0000 0.9619 1.0029 1.0004
Fe 1.26 0.97 0.0115 0.9794 0.9295 1.0003
Cu 0.58 0.39 0.0053 0.9445 0.9680 1.000
Total 100.00 100.00
Table 2
Phase composition of the coating Cr-Mn-Si-Cu-Fe-Al in nitrogen atmosphere
Sample Phase detection Phase Content, % The lattice The size of Ad/d*107
parameters, the AKR, nm
Cr-Mn-Si-Cu-Fe-Al |FeNy.o324 60,6 a=3,598 103,37 3,460
in nitrogen atmos- | TiNg 3,093 39,4 a=4211 25,600 5,143
phere
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Figure 3 shows the microstructure of the coating Cr-Mn-Si-Cu-Fe-Al after laser irradiation, Figure 4 —
its mapping, and Figure 5 — XPS.

Figure 3. Electron microscope image of a coating Cr-Mn-Si-Cu-Fe-Al after laser irradiation
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Figure 4. Mapping of electron-microscopic images coating Cr-Mn-Si-Cu-Fe-Al after laser irradiation
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Figure 5. XPS coating Cr-Mn-Si-Cu-Fe-Al after laser irradiation

Tables 3 -5 coating elemental composition represented Cr-Mn-Si-Cu-Fe-Al after laser irradiation at dif-
ferent points in the specimen.

Table 3
Elemental composition of the coating Cr-Mn-Si-Cu-Fe-Al after laser irradiation
Element Wt, % At, %
CK 16.41 47.52
OK 0.00 0.00
AlK 0.00 0.00
SiK 0.00 0.00
ArK 0.00 0.00
TiK 0.00 0.00
CrK 16.09 10.76
Mn K 0.00 0.00
Fe K 57.21 35.62
NiK 10.29 6.10
ZnK 0.00 0.00
Mo L 0.00 0.00
Urorun 100.00
Table 4
Elemental composition of the coating Cr-Mn-Si-Cu-Fe-Al after laser irradiation
Element Wt, % At, %
CK 9.96 19.39
oK 35.92 52.51
AlK 5.51 77
SiK 0.00 0.00
ArK 0.00 0.00
TiK 39.62 19.35
CrK 5.78 2.60
Mn K 3.22 1.37
Fe K 0.00 0.00
NiK 0.00 0.00
ZnK 0.00 0.00
Mo L 0.00 0.00
Uroru 100.00
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Table 5
Elemental composition of the coating Cr-Mn-Si-Cu-Fe-Al after laser irradiation
Element Wt, % At, %
CK 197 27.95
OK 32.99 46.25
AlK 44 3.69
SiK 1.81 1.44
ArK 0.00 0.00
TiK 28.68 13.43
CrK 10.15 38
Mn K 6.97 2.84
FeK 0.00 0.00
Ni K 0.00 0.00
ZnK 0.00 0.00
Mo L 0.00 0.00
Uroru 100.00

Discussion of the experimental results

From the experimental data that the laser radiation is much «mixes» with near-surface layers of coating
bases, changing as the structure of the coating and its elemental composition at different points of the sample.

From the data it follows that the content of elements in the coating is different from the average content
of the coating prior to laser irradiation, but they occur at specific points in the coagulation of the sample.
This is clearly seen from Figures 1, 3 and 4.

If one is visible in Figure phase finely dispersed nitrides of titanium and iron, the Figure 3 shows the
appearance of coagulates. The latter can be associated with diffusion processes coating transfer elements
(diffusion rate is usually small in this case), and hydrodynamic processes under the influence of laser shock
waves in the liquid phase of the coating.

The physics of the processes involving laser shock waves quite worked out, although there are some
difficulties in the interpretation of the whole variety of phenomena arising in this case.

The action of the laser radiation with an intensity below the threshold of molten splash, then melted or
heated sample flow layer different structural and phase transformations. Under the influence of a single laser
pulse duration T warms the layer thickness of the order ty ', where y — thermal diffusivity.

If the thickness of the sample is much larger than the thickness of this layer is due to the thermal con-
ductivity of a rapid cooling and cooling rate characteristic for structural steels reaches values of the order of
10°/t K/ s. This means that when using lasers with pulse duration of 10°~10" s. Cooling rates are 10°-10"" K/s.
At these speeds, you may experience the metastable phases, ultrafine crystalline. This is clearly evident from
the Figures 6 and 7.

Figure 6. Optical coating microstructure
Cr-Mn-Si-Cu-Fe-Al prior to laser irradiation

The essence of laser hardening iron-carbon steels, as well as conventional hardening methods is
diffusionless transformation during rapid cooling of face-centered cubic austenite lattice in a distorted body-
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centered lattice of martensite. A characteristic feature is its high martensite hardness on the one hand, and
low plasticity and brittleness, on the other hand. In this case, as can be seen from the XPS data, the studied
coating contain carbon, despite the high content of iron.

Tempering of non-ferrous metals are not associated with phase transitions in the bulk material, due to
the «correct» distortions metal structures encountered during their solidification. Therefore, in this case, the
effect of laser radiation on the properties of composite coatings, which are based on aluminum, is not as triv-
ial as it may seem at first glance. To this we must add the nanostructured state investigated coatings, thermal
properties that are significantly different from the bulk properties of the substance.

Figure 7. Optical coating microstructure Cr-Mn-Si-Cu-Fe-Al
after laser irradiation

After the laser treatment the coating Cr-Mn-Si-Cu-Fe-Al + Ti, prepared in a nitrogen atmosphere, the
friction coefficient varies slightly, and decreases the microhardness of more than 2 times.

When coating Cr-Mn-Si-Cu-Fe-Al + Ti in a nitrogen environment are formed in the last field contain-
ing chromium and titanium nitrides, and XPS data on the contents of the two components is approximately
the same. The particle size of titanium nitride and chromium by electron microscopy is (100—150) nm.
Microcrystallites titanium nitride and chromium are preferred orientation (presumably in the direction (200)),
which is different from a spherical symmetry microcrystallites pure titanium. These, along with cellular cov-
erage structure, it leads to a high microhardness.

After the laser treatment the coating Cr-Mn-Si-Cu-Fe-Al + Ti, resulting in reduced nitrogen microhard-
ness of more than 2 times. This means that in this case we are not dealing with a hardening coating and its
release as it is observed in hardened steels at high temperatures.

However, the mechanism of softening in this case differs from the release mechanism of steel, where
the last phase transition is caused by martensite — austenite. One of the probable reasons for softening coat-
ing Cr-Mn-Si-Cu-Fe-Al + Ti, resulting in a nitrogen atmosphere, a coagulation of micro-crystallites of titani-
um and chromium, can be clearly seen in Figure 7, and occurring when the melt cools after laser irradiation.
A similar effect was observed by doping titanium with oxygen-free metal smelting. At the same time the in-
clusion of titanium nitrides significantly degrade the casting properties. Another reason for the weakening
could be the fact that at high temperature, which is achieved by laser irradiation, titanium nitride and chro-
mium «corroded» iron oxides. iron oxide formation can occur either due to its significant content of the coat-
ing, and due to the fact that laser irradiation was performed in air.

Conclusion

Coatings formed Cr-Mn-Si-Cu-Fe-Al, to form an infinite substrate and solid solutions are characterized
by high porosity and poor denseness. Transition layer formed of these metals and the substrate, after laser
exposure, remains virtually unchanged.

Preliminary tests have shown promising industrial use coating formed Cr-Mn-Si-Cu-Fe-Al + Ti in a ni-
trogen ion plasma technique with subsequent laser processing.
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KypbLIbIM MeH KOMIO3HIUSUIBIK Ka0bIHABLIAPABIH KacHeTTepiHe
JiazepJiik cayJiesieHAIpyaiH dcepi

Makanaza nasepiik coyje yIrigeri Typii HyKTelepiHie >kaOblHbI KYPBUIBIMBIH JKOHE OHBIH JJIEMEHTTIK
KYpaMblH ©3repTy CHSIKTBl Heri3zepi »ybIK OerTki kabateiMen KanramacbiHaa Cr—Mn—Si—Cu—Fe-Al
«KOCTIaNIapBIHBIHY Kol ekeHi kepcerinred. POIC tangaysiHaH skaObIHIBI 2IIEMEHTTEPiHIH Ma3MYHBI JKaJIIIbI
Ja3epiiK CoyJeJeHyre NeHiHri >kaOBIHABI Ma3MyHBIHAH ©3TEIIeNiTi JKOK, OipaK oylapiblH YIOBI HAKTHI
HYKTenep yirinepinne opsHnanagsl. Juddy3usiibik xKaObIHABICH CYHBIK (ha3aga a3epIlik COKKBI TOJIKBIHIAP
ocepiHeH XaOBIHIBIHEI ayJapy dJIeMeHTTepiHeH (Iudy3ust )KbUIIaMABIFBI OyJI XKaraaiiia, ofeTTe, a3), JKoHe
THPOJMHAMUKAIBIK IPOIECTEP/IH KOIOJAHYBIHBIH TYBIHAAYbIHA OalylaHbICTHI 60iysl MyMKiH. Cr—Mn—Si—
Cu—Fe—Al+Ti »aObIHABICH YIIIH aproH KOpIIaraH OpTachlHAa yHKenic kod((HULHEeHTI a3epiik eHaeyaeH
KeiliH a3asi/1pl, )KOHE MUKPOKATTBUIBIFBI apTabl. AJIFALIKBI CePi OHBIH JIa3ep CoyJIeCiMeH OaNKbITy Ke3iHaeri
JKaOBIHIbI OYIBIPHIHBIH a3afobIMeH OainaHbplcThl. EKiHIN acepi KYpT KbI3ABIPY-CalKbIHAATY Ke3iHIeri
JKaOBIHIBI UCIOKALMSIBIK KYPBUIBIMBIHBIH — KaubinracybiHa —Oaitmanbictel.  Cr—Mn—Si—Cu—Fe-Al+Ti
JKaOBIHIBI XKary Ke3iHIe a30T OpTAachIHAa XPOM JXKOHE THUTAH HUTPHUATEPIH KAMTUTHIH COHFBI CaslachIHIA
KanbIracasl, skone PODC eki KOMIIOHEHT Ma3MyHBIH/a ITAMaMEH Oipeii.
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Bausinue j1azepHoro o0,1y4eHusi Ha CTPYKTYPY U CBOiicTBa
KOMIIO3MIITHOHHBIX NOKPBITHH

JlazepHOe H3ITydeHne 3HAYUTEIBHO «T1epeMentnBaeT» nokpsrne Cr-Mn—Si—Cu—Fe—Al ¢ npunoBepXHOCTHEIMU
CJIOSIMH OCHOBBI, H3MEHSISI KaK CTPYKTYPY IOKDBITHS, TaK M €r0 3JIEMEHTHBIH COCTaB B PAa3iIMYHBIX TOUKAX
obpasna. 3 PODC-ananusa ciemyer, 4To coJepikaHue 3JIEMEHTOB HOKPHITHS B CPEIHEM HE OTJIMYAETCS OT
COZIEPXaHHs UX B MOKPBITUH JO JIA3EPHOTO OOJIydeHMs, HO IMPOUCXOAUT UX KOAryJAIHs B ONpPEeIeHHBIX
TOYKax 00pasua. Bo3HNKHOBEHHE KOAryJIATOB MOXHO CBA3aTh HE ¢ AU((y3NOHHBIMH IPOLECCAMU TIEPEHOCA
JJIEMEHTOB MOKPHITUS (ckopocTh A dy3un 0OBIMHO B 9TOM CIIydae Majbl), @ C THAPOJUHAMUYECKUMH MPO-
[[ecCCaMH TI0J BO3JACHCTBMEM JIa3€pPHBIX YIAPHBIX BOJH B JKUAKOH (aze MOKpeITUS. [l MOKPHITHS
Cr-Mn-Si—Cu-Fe—-Al+Ti B cpene aprona ko3GpQUIEHT TpeHHs I0ce JIa3epHoi 00paboTKN yMEHbIIaeTcs, a
MHKPOTBEPJIOCTH Bo3pactaeT. [1epBrlif addexT cBsA3bIBaETCS C yMEHBIICHHEM IIEPOXOBATOCTH ITOKPHITHS IIPH
€ro OIUIABIEHHH JIa3epHBIM JIydoM. Bropoit adexr obycnosieH popMupoBaHHEM IUCIOKAMOHHON CTPYK-
TYpBI TIOKPBITHS IIPU pe3KoM HarpeBe—oxiaxaeHuu. [Ipu nanecennu nokpeituii Cr-Mn—Si—Cu—Fe-Al+Ti B
cpelie a3oTa B mocieaHeM (GopMupyroTcs 00nacTy, CoAepKalue HUTPUIBI TUTAaHA U XPOMa, IPUYEM T10 JaH-
HbIM POOC coneprxkanne 06enx KOMIIOHEHT IPUMEPHO OAUHAKOBO.
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