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Possibility of using inexpensive steel protected by deposited vacuum-arc coatings as a
basis for parts and tools coating technology

The aim of the work was to identify the possibility of using under extreme conditions parts made of inexpen-
sive steel, protected by sequentially deposited films — Cr and then simultaneously TiN + CrN, micron thick-
ness. Steel grade St3 (Fe ~ 97%) was chosen as the basis. In our country, as in many others, this steel is not
only the most common structural material with easy processing and low cost, but also produced in large vol-
umes. The deposition of two consecutive layers of films — Cr and TiN + CrN on steel substrates was carried
out using vacuum-arc technology (Arc-PVD). The measurements were carried out after the process of period-
ic heating of the samples to a temperature of 650°C, followed by rapid cooling, implemented by immersing
the samples in water. The main parameters of the coating were measured — wear resistance, heat resistance,
microhardness. Each thermal effect lasted 20 hours, and the entire heating-cooling process was carried out 5
times. The results obtained in this work can be considered very promising for the protection of inexpensive
steels.
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Introduction

Starting from the end of the sixties of the last century, cutting tools with protective coatings applied to
them began to appear on the international market. Since then, various methods have been used for applying
coatings for various purposes to machine parts and mechanisms. Among a wide range of technologies for
applying protective coatings, vacuum ion-plasma methods find great attention [1-6]. Their feature is the di-
rect conversion of electrical energy into technological impact, based on structural-phase transformations in
the precipitated condensate.

Currently, work is being intensively carried out to save expensive metals. With their help, cutting tools
are made, as well as parts operating in an air atmosphere at high temperatures. One of the solutions to this
problem can be the vacuum-arc deposition of protective coatings on parts made from more economical al-
loys. In this case, the thickness of the deposited films usually lies in the range of several microns. Such an
insignificant film thickness is quite enough to, for example, significantly improve corrosion resistance, heat
and heat resistance, wear resistance, and also reduce the coefficient of friction of parts. Thus, coatings meet
many parameters of operational and technological requirements.

Materials and experimental details

For the deposition of two layers — Cr and TiN + CrN on steel substrates, the vacuum-arc technolo-
gy (Arc-PVD) was used, which also has another name — cathode ion bombardment (CIB). Using this tech-
nology, a Cr coating was deposited in an argon atmosphere at a pressure of 0.1 Pa. Further, after removing
argon from the chamber and replacing it with nitrogen, also at a pressure of 0.1 Pa, a CrN + TiN film was
deposited simultaneously with two cathodes [7].

The films were deposited in an NNV-6.6-11 vacuum setup, in which chromium and titanium cathodes
were installed. The third was a plasma source with an incandescent cathode, which, at a current of 20 A,
made it possible to clean the substrate surfaces by ion (Ar+) bombardment before coating [5]. During the
deposition of coatings, the temperature of the substrates after ion cleaning was maintained at ~450°C, which
significantly increased adhesion.

It should be noted that the design of the HNV-6.6-11 setup allows one to deposit films on all surfaces of
the substrates, since the substrates in the installation chamber rotate both around their axis and in a circle,
with adjustable speeds of both rotations. This option made it possible to load 12 substrates for carrying out
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the planned experiments. At least such a number of samples was necessary because the process of thermal
action leads to an increase in the mass of the sample, and the measurement of wear resistance leads to a de-
crease. In this regard, one group of 5 samples was used to measure heat resistance, the second, also of
5 samples, was used to measure wear resistance. In addition, because when measuring wear resistance, fric-
tion contact was made at 20 points of the film surface, the sample that passed the wear resistance test was no
longer used.

The substrates were made of St3 steel. They were a disk, 25 mm in diameter and 3 mm thick. Both
planes of the disc were ground on a surface grinder, and since coatings were planned to be applied to all sur-
faces of the substrate, they were polished on a polishing machine. Next, the substrates were washed in an
ultrasonic bath and treated with steam using a steam-jet device, wiped with coarse calico soaked in ethanol,
placed in an oven and kept in it for two hours at a temperature of 150°C.

Results and discussion

In the first series, a TiN + CrN coating was deposited on the substrates without an intermediate Cr lay-
er. The St3 steel substrate showed a low Vickers microhardness (194 HV) measured on an HVS-1000A in-
strument. The adhesion of the deposited TiN + CrN layer also turned out to be low. Probably, this led to the
fact that the film cracked when trying to measure its microhardness. The crack is quite well observed along
the circumference of the indenter, which is shown in Figure 1.

-

Figure 1. Image taken during microhardness measurement (400 magnification).

To exclude the occurrence of such defects in the future, a layer of chromium with a thickness of ~3 um
was deposited, which has a higher microhardness compared to the substrate.

After making sure that the deposited chromium layer does not crack during microhardness measure-
ments, layers of Cr (~3 pm thick) and TiN + CrN (~5 um thick) were successively deposited on 12 sub-
strates.

Figure 2 shows the spectrum taken from the applied coating, which was not subjected to thermal action,
using a MIRA-3 LMU scanning electron microscope.

Next, the microhardness and wear resistance to thermal impact were measured. The results are shown in
Table. To measure the wear resistance parameters, we used a tribometer developed by employees of the Re-
search Center for lon-Plasma Technologies and Modern Instrumentation [5] and a RADWAG AS60/220R2
electronic balance with an accuracy of 0.06 mg.

To determine the effect of thermal action on microhardness and wear resistance, as well as the heat re-
sistance of the coating itself, the samples were placed in a muffle furnace at a temperature of 650°C [8]. The
temperature was maintained in automatic mode with an accuracy of 5°C for 20 hours, then the oven was
turned off and the samples were placed in distilled water at a temperature of 15°C in a twenty-liter thermo-
stat. After rapid cooling, the samples were dried with a stream of warm air and were ready for measurements.
With such a sequence, the procedures were performed in 5 cycles.

All obtained measurement results are shown in Table.
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Figure 2. Spectrum taken from the central part of the sample using a scanning electron microscope before
thermal treatment.

Table

The table shows the dynamics of the weight gain of samples under the influence of temperature, the parameters
of microhardness and the rate of abrasion of coatings

N Microhardness, HV | Wear rate, pg/s| Dynamics of weight gain of samples exposed to a
temperature of 650°C for 20 hours, pg/cm?
Before thermal exposure 830 0.020 0
After 1 cycle 780 0.023 0.287
After 2 cycles 760 0.025 0.205
After 3 cycles 750 0.025 0.163
After 4 cycles 740 0.025 0
After 5 cycles 740 0.025 0

Figure 3 shows the spectrum taken from the coating after passing through all 5 cycles of thermal expo-
sure using a MIRA-3 LMU scanning electron microscope.
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Figure 3. Spectrum taken from a coating on a substrate using a scanning electron microscope.

All parameters obtained as a result of thermal exposure are shown in Table.

Before the thermal treatment of the samples, their coating color was light yellow, the wear rate
was 0.020 pg/s, and the microhardness was 830 HV.

After passing through the first cycle of thermal exposure, the color of the coatings changed and became
saturated yellow, the mass of the samples increased by 0.287 pg/cm?, the wear rate increased to 0.023 pg/s,
and the microhardness decreased to 780 HV. The second cycle changed the color to dark yellow, the mass of
the samples increased by another 0.205 pg/cm?, the wear rate increased to 0.025 pg/s, and the microhardness
decreased to 760 HV.
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The impact of the third cycle led to a change in the color of the coating, it turned purple, the weight of
the samples increased by 0.163 ug/cm?, the wear rate did not change, 0.025 ug/s, and the microhardness de-
creased to 750 HV.

Completion of the fourth and last, fifth, cycles did not lead to a change in the color of the coatings, as
well as the wear rate. As for the mass gain, the further dynamics of the mass gain became equal to zero. The
microhardness, which decreased to 740 HV after the fourth cycle, also did not change after the fifth.

Thus, it follows from the obtained data that over the entire studied time interval (100 hours) of keeping
the samples at 650°C, the dependence of the mass increase slows down over time, and after 80 hours be-
comes close to zero. This fact can be explained by the fact that practically one of the components, titanium
nitride, was completely converted into titanium oxides, and chromium nitride at this temperature was little
susceptible to oxidation.

As for the change in the color of the films, it can most likely be assumed that titanium nitride, which
gives a light yellow color, is mainly converted into oxides. Chromium nitride gives a gray color, while
chromium oxides can only be green or black. At the first stage of thermal treatment, mainly TiO appears,
leading to the appearance of yellow and dark yellow color of the samples. The emerging Ti»Oz gives a violet
color, so a dark yellow color appeared.

Conclusions

Thus, using the results obtained in the work, we can draw a number of conclusions:

1) The obtained dynamics of change in the mass of the samples, which became equal to zero already af-
ter the fourth cycle and did not change any more, allows us to speak about the high thermal stability of the
applied coatings at temperatures not exceeding 650°C.

2) The wear resistance of the protective coating is more than 2 orders of magnitude greater than the
wear resistance of St3 steel, and is little affected by changes after thermal exposure.

3) Stabilization of microhardness and wear resistance, which also appeared after the fourth cycle, indi-
cates the possibility of using these coatings at large temperature differences — in the range from heating
650°C to rapid cooling to 15°C.

Consequently, the results obtained correspond in a number of cases to the possibility of using parts
made of St3 steel with sequentially deposited micron layers of Cr and TiN + CrN, and operation is also pos-
sible at high temperatures.
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BaxkyymabI-10Fajibl TEXHOJIOTHSIMEH KANTAJFAH Ka0bIHIAPMEH KOPFAJIFaH ap3aH
00s1aTTHI 0OJIIEKTEP MEeH KYPaJIapAbIH HeTi3i peTiHae nmaiigajany MyMKIHIrI

Heri3 peringe St3 (Fe~97%) mapkanel 6onat Tanaanabl. Atanrad Mapka Oi3MiH >koHe e3re e enaepae 6omar
OHJIeyTe OHall, KYHBI ap3aH, €H KeH TapajiFaH KOHCTPYKLHMSJIBIK MaTepuai OOJIbIN TaObLIaIbI J)KOHE YIIKEH Ko-
nemze mbiFapbuiaasl. Crsxkone TiN + CrN katapiac eki KaObIKIIa KabaTTapsIMEeH 00JIaT TeCeMeNepiH KanTay
BaKyyM/IBIK-JOFAIIBIK TEXHOIOTHS apKbUIBI jKy3ere aceipbuiibl (Arc-PVD). Omem yrinepi 6500C temmepa-
Typara JIeliH Me3TiI-Me3Ti1 KbI3AbIPY MPOIECiHeH KeHiH YAriiepai cyFa 0aThIpy apKbUIBI XKBUIAAM CaIKbIH-
JaTy apKbUIBl XKyprizingi. KanTamanslH To3yra Te3IMAINIK, BICTHIKKA TO3IMIUIIK, MHKPOKATTBUIBIK CHSKTBI
HETi3Ti mapaMerpiepi emenai. Opoip TepMUSUIBIK SKCro3uIms 20 caraTka cO3bUIABI, T GapIIbIK KBI3ABIPY-
CAJIKBIHJATY TIpoIeci 5 per kypri3inmi. By jkyMbIcTa ajbIHFaH HOTWOKENEpAl ap3aH OoylaTTapisl KOpray
YILUiH 6T€ IEePCIEKTHBAJIBI ICTI CaHayFa OOIabl.

Kinm ce30ep: BakyyMABI-IOFAIbIK TEXHOJOTHS, KOPFAHBIII KallTaMa, TO3yFa TO3IMALUTIK, BICTBIKKA TO3IMILIIK,
MHKPOKATTBUIBIK.
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B03MOKHOCTH MCIIOJIB30BAHNS B Ka4eCTBEe OCHOBBI JieTajleil 1 MHHCTPYMEHTOB
HEJ0POroi CTAJIH, 3alMIIEeHHON HAHECEHHbIMU BAKYYMHO-1YTOBOIl TEXHOJIOT el
NMOKPBITUSIMH

B kauectBe ocHOBHI Oblia BeIOpana cranbs Mapku St3 (Fe~97 %). B nameit ctpane, kak ¥ BO MHOTHX JPYTHX,
JaHHasl CTaJb HE TOJBKO SIBISIETCS HanOojee pacrpocTpaHEeHHBIM KOHCTPYKIIMOHHBIM MaTepHalloM, o0Jana-
IOIIMM JIETKOI 00paboTKOM W HU3KOH CTOMMOCTBIO, HO M MPOM3BOAUTCS B Oonbmmx oOvemax. HaneceHme
JIByX TocienoBaTenbHbIX cioeB mieHOK — Cr u TiN + CrN — Ha cTaipHBIe MOJIOXKKH ITPOM3BOIMIOCE C
WCTIOJIb30BaHUEM BaKyyMHO-IYroBod TexHonoruu (Arc-PVD). M3MepeHus mpoBOAMIKCH MOCTE Ipolecca
HEPHOMYECKOT0 HarpeBa 06pa3LoB 10 Temneparypbl 650°C ¢ mocieayomuM GBICTPBIM OXJIaXkICHHEM, Pea-
JIM30BaHHBIM ITyTEM IOTPY)XeHUs1 00pa3oB B BOAy. V3Mepsuiich OCHOBHBIE MapaMeTpbl MOKPBITHSI: U3HOCO-
CTOMKOCTb, XKapOCTOHUKOCTb, MUKPOTBepHOCTh. Kaxnoe Tepmuueckoe BozaelcTBue amuiaoch 20 4, a Bech
MPOLECC «HArPEeB—OXJIAXKICHUEY» MPOBOAWICS 5 pa3. Pe3ynbraThl, KOTOpbIE ObUIM MOJIyYE€HBI B HACTOSILICH
paboTe, MOXHO CUMTATh BeChbMa MEPCIIEKTUBHBIMY IS 3aIIUTHI HEJOPOTHX CTAJICH.

Kniouesvie criosa: BakyyMHO-TyroBasi TEXHOJIOTHS, 3aIIUTHOE TIOKPBITHE, H3HOCOCTOHKOCTD, KapOCTOHKOCTB,
MHKPOTBEP/OCTb.

Cepus «dunsukay. Ne 4(112)/2023 95



