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Change in high-temperature wear resistance of high-speed steel by plasma nitriding

The present paper contains results of tribology testing the surface layer of high-speed steel nitrated in electro-
lytic plasma. Tribology tests were conducted under the temperature of 500 °C, 550 °C and 600 vC degrees us-
ing ball-on-disc method. Such parameters as wear intensity and friction coefficient were applied to analyze
wear resistance. It is found, that wear resistance of nitrated layer of high-speed steel changes depending on
ambient temperature and it showed higher resistance against the wearing process up to 550 °C degrees. It is
established, that the rise in testing temperature up to 600 °C degrees resulted in degradation of wear re-
sistance and increase in friction coefficient. The paper addresses the main factors improving wear resistance
increase of high-speed steel surface layer after electrolyte-plasma nitriding. The optimum condition of elec-
trolyte-plasma nitriding of high-speed steel P6M5 in electrolyte on the basis of carbamide which allows to
make saturation of surface by nitrogen from low-temperature plasma is experimentally positioned and to re-
ceive the modified bed of high hardness and a wear resistance. It is positioned that a major factor responsible
for a wear resistance of the nitriding layers at high temperatures is formation of the nitride martensite which
possesses the major heat capacity in comparison with iron, and finely divided nitride particles.

Keywords: tribology testing, wearing process, adhesion, nitriding, electrolyte-plasma processing, high-speed
R6MS steel.

Cutting tools aggressiveness is mainly determined by the condition of surface layer [1]. Various meth-
ods of thermal and chemical-thermal treatment are widely used to improve hardness, strength and wear re-
sistance. There have recently been increasingly frequent development and application of techniques and ap-
proaches of plasma nitriding that enable eliminating shortcomings of traditional nitriding methods [2] and
much more. Plasma nitriding provides true-to-structure nitrated layer formation on the surface of work piece
thereby increasing the wear resistance of the tool and its thermal endurance. Nitrated tool surface with low
friction coefficient and well anti-friction properties provides slighter chip removal and prevents its pickup on
cutting edges with the formation of wear craters that makes it possible to get cutting speed faster [3-5].
What’s more, today engineering is characterized by complicated operation conditions of cutting tools associ-
ated with high level of operating voltages, wide temperature range, corrosive environments, etc. Therefore,
special requirements shall be met for high wear resistance when cutting tools’ operation under high tempera-
tures [6, 7]. In this regard, the present paper investigates wear resistance of nitrated samples of high-speed
steel ROMS5 under high testing temperature.

In accordance with the purpose, tungsten-molybdenum high-speed steel R6M5 has been chosen as ob-
ject of study. R6MS5 steel has been selected owing to its much widespread use in metal treatment and mild
thermal endurance.

The 3D cubed sample workpieces with size of 10x30x30 mm’ were cut out of R6MS5 steel bars as re-
ceived. Then the samples underwent conventional thermal treatment: quenching from 1230 °C in the lubri-
cant followed by three-stage draw at 560°C degrees (duration of each draw is for 1 hour, cooling in the
air) [8]. After thermal treatment, the samples were grinded, polished and underwent electrolytic-plasma ni-
triding in carbamide-based electrolyte.

Electrolytic-plasma nitriding of the samples was performed on a pilot plant [8] equipped with electro-
lytic cell, power supply, automatic control system, electrolyte cooling system and electrolyte supply system.
The treatment was carried out in the electrolyte of aqueous solution containing 20 % of carbamide and 10 %
of sodium carbonate as follows: the samples were nitrified at 450, 500 and 550 °C degrees for 7 minutes.

The microhardness of the samples was measured by diamond indenter pressing-in method in PMT-3M
machine with a load of 100 gram and aging under load for 10 seconds. Surface roughness was measured by a
portable electronic device Diavite DH-5.

Samples’ abrasive wear resistance was measured in specialized testing machine designed for checking
abrasion by friction on rigidly fixed particles by rotating roller-on-flat surface method in accordance with
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GOST 23.208-79 that corresponds to the US Standards ACTM C 6568. For abrasion tests, samples’ surfaces
were ground and polished to the size of roughness equal to R,=1.2 um, afterwards they were cleaned with
acetone and dried out. Cylindrical rubber roller pressed by radial surface to the flat surface of the sample by
force of 22 Newton was rotated at a frequency of 1s™. Rate of arrival of abrasive particles between the rubber
wheel and the sample namely to the test region was 41-42 g/min. Synthetic corundum with grain size of
200...250 microns was used as abrasive particles. Abrasive wear was measured by weighing on analytical
balance ADV-200 with accuracy up to 0, 0001 gram. In total, abrasive wear was 28.8m long. Before measur-
ing, the samples were blown with compressed air to remove remaining sand.

Tribology tests of R6MS5 steel samples were performed in high-temperature tribometer THT-S-BE-0000
under 20 °C, 500 °C, 550 °C and 600 °C degrees by ball-on-disc method in compliance with International
Standards ASTM G 99 (Fig. 1) [9]. The wear resistance was characterized by wear intensity and friction co-
efficient. A ball with diameter of 6.0 mm made of certified Al,O; was used as a counterbody. The tests were
carried out by force of 1IN, linear speed of 2 cm/sec, radius of wear curvature - 5 mm and friction path - 25
m. The wear resistance was estimated by the wear rate and friction coefficient. The values of wear rate are
averaged for each position according to testing results of three samples.

F,=1H

l ALLO, ball

sample

—_— i

Figure 1. Ball-on-disc tribology test method

Figure 2 illustrates microstructure of modified surface layer of R6MS5 steel samples nitrated under
450 °C, 500 °C and 550 °C degrees for 7 minutes. It’s clearly seen that there is a dark-etching nitrated layer
as nitrous martensite. It is known that R6MS5 consists of martensite (a-phase) and solid carbides MgC and
MC in initial state after standard thermal treatment [10]. Dark-etching zone herewith is slipping the base
zone. Nitrated layer is about 25-40 um thick and increases in the wake of nitriding temperature rising.

a—-T=450°C;b-T=500°C;c—-T=550°C

Figure 2. Microstructure of modified R6MS5 surface layers after nitriding

Figure 3 demonstrates changes in wear intensity J, relative wear resistance to abrasive wear € and mi-
crohardness H depending on the nitriding temperature for 7 minutes with no break in the process. It seen that
R6MS5 samples nitrated under 550 °C degrees demonstrate the highest microhardness and the lowest wear
intensity in comparison with other samples. It supposedly linked to formation of fine nitrides after nitriding
at T =550 °C. It can be concluded that nitriding at T = 550 °C is the best mode of electrolyte-plasma nitrid-
ing for R6MS steel in carbamide-based electrolyte. Therefore initial samples and the samples nitrated at
T =550 °C underwent high-temperature tests.
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Figure 3. Changes in wear intensity J, relative wear resistance to abrasive
wear € and microhardness H depending on the nitriding temperature
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Figure 4. Depending diagrams of friction coefficient f, depth of counter body penetration h,
sample temperature t; and furnace t, on friction time T when testing of R6MS5 nitrated samples
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Figures 4, 5 provide results of tribology high-temperature tests of ROMS samples underwent nitriding at
T =550°C.

Figure 4 shows curve changes in friction coefficient, depth counterbody penetration depending on fric-
tion time in tests of R6EMS samples nitrated at T = 20°C, 500 °C and 550 °C degrees. There is an increase in
friction coefficient under high temperatures. However, changes in testing temperature within 500-550 °C
degrees hardly affect the friction coefficient.

Figure 5 illustrates curve changes in friction coefficient, depth of counterbody penetration depending on
friction time when testing R6MS5 samples at T = 600 °C before/after nitriding. Rising of testing temperature
up to 600 °C degrees leads to significant increase in friction coefficient of initial and nitrated samples in
comparison with those tested under room temperature, 500 and 550 °C degrees. Friction coefficient herewith
has larger value in the course of test keeping enough high level.
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Figure 5. Depending diagrams of friction coefficient t, depth of counterbody penetration h, sample
temperature t; and furnace t, on friction time t when testing of R6MS nitrated samples at T=600 °C

Figure 6 shows dependence of wear intensity of initial and nitrated R6MS steel samples on testing tem-
perature. In tests under room temperatures the wear intensity of nitrated steel samples was lower than of
those not nitrated. The wear intensity of nitrated samples in tests at T = 500 °C and 550 °C is equal about
3,1*10-4 and 3,5*10-4 mm3/Nm; and at T = 600 °C it is 6,7*10-4 mm3/Nm. Considerable increase in wear
intensity for nitrated and non-nitrated steel samples can be observed at testing temperatures of 500 °C and
550°C degrees. Much higher increase in wear intensity is seen under 600 °C degrees. Degradation in wear
resistance and increase in friction coefficient under testing temperature of 600 °C might be due to processes
like coagulation or diffusion growth of coherent particles of nitrated phase. According to [10], diffusion pro-
cesses are developed on the surface layer of high-speed steel under the temperature above 550 °C that result-
ed in coagulation of special carbides lowering hardness, surface oxidation and decarbonizing.
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Figure 6. Dependence of steel samples’ wear intensity on testing temperature

Comparison of wear intensity and friction coefficient of nitrated layers for different testing temperatures
(500 °C, 550 °C and 600 °C) gives ground to conclude that wear resistance of nitrated layer of high-speed
steel changes depending on ambient temperature i.e. operation temperature and nitrated layer is more stable
up to T =550 °C. Temperature raise up to 600 °C leads to degradation in wear resistance and increase in fric-
tion coefficient. So, it can be stated that the formation of nitrated martensite with higher thermal capacity in
comparison with iron and having fine nitrides is the main factor responsible for wear resistance of nitrated
layers under high temperatures [11, 12].

According to given result it can conclude as follows:

The best mode of electrolyte-plasma nitriding in carbamide-based electrolyte for high-speed R6MS
steel is determined. This mode enables to saturate the surface with nitrogen from low-temperature plasma
and produce modified ultra-solid and wear-resistant layer.

It is found that the wear resistance of nitrated steel is changed depending on the ambient temperature
i.e. operation temperature and nitrated layer is more resistant against the wear up to T = 550 °C. Temperature
raise up to 600 °C leads to degradation in wear resistance and increase in friction coefficient. So, it can be
stated that the formation of nitrated martensite with higher thermal capacity in comparison with iron and
having fine nitrides is the main factor responsible for wear resistance of nitrated layers under high tempera-
tures.

As a nutshell, considerable increase in wear resistance of high-speed steel after electrolyte-plasma ni-
triding confirms a potential of this method to improve aggressiveness of cutting tools made of high-speed
steel.

The present work is implemented under financial support of the Committee of Science, Ministry of Ed-
ucation and Science RK, as part of the Scientific Research Grant Funding Program.
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b.K. Paxamunos, JI.I'. XXypeposa, M. llledpdnep, A.K. Xacenon

IlnazmanbIK a30TTay Ke3iHAeri AKblIIaM KeCKil 00J1aTThIH
JKOFapbl TeMIIEPATYPaAJIbI TO3YFa TO3IMALIITIHIH 63repyi

Makanazia 5JEKTPOJIUTTIK IUIa3Majia a30TTaJFaH KBUIAaM KecKiml OoyarTapAblH OETTIK KabaTTapbIHBIH
TPUOOJIOTHSIIBIK 3epTTey HoTIKenepi kenripinreH. ChIHAK «map-auck» yarici 6oismma 500 °C, 550 °C
xoHe 600 °C temneparypanapbsiHaa kysere actbl. To3yFa Te3iMaimiK yiikenmic koddduuueHti MeH To3y
KapKbIHIBUIBI apKbUIbl Oarananbl. JKbuigaM Keckill OONaTThIH a30TTalFaH KaOaThIHBIH TO3yFa TO3IMALTIri
KOpILIAFaH OPTaHbIH TeMIepaTypachblHa TOYeNAi ©3repeTiHAiri JxoHe a3zoTtanran Kabarteiy 550 °C
TeMIieparypara AeiiH To3yra Te3iMIipek 0oJaThIHABIF aHbIKTanAbl. ChiHaK TemnepaTrypacsid 600 °C neiiin
apTTEIPy TO3yFa TO3IMALTIKTIH TeMeHAeyiHe, ai yiKkelmic KOI(QQUIMEHTIHIH apTyblHa OKEeNIeTiHAIri
AHBIKTAJIBL. DJEKTPOJHTTIK IDIa3MANbIK a30TTaylaH KEWiHTi JKbUIJAM KeCKill OoJaTTapAblH OeTTik
KaOaTTapbIHBIH TO3yFa TO3IMIINITIHIH apTyblHA CENTIriH THTI3eTiH Herisri (akTopiap TaIKbUIAHMBL
KapGamupn merizinzgeri smekrponmtre PO6MS5 kboimaM  Keckimn OONATBIH  AJICKTPONIUTTIK  IDIa3MalIbIK
a30TTayAbIH THIMAI TOPTiOI TaxipuOe xy3iHae anblKTadasl. OHBIH TO3yFa TO3IMALTIrT MEH OepiKTiri )KOFapb
MoaubHKalMsIIaHFaH OeTTi anyra jkoHe OSTTI TOMEH TeMIepaTypaibl IUIa3MajilaH a30TICH KaHBIKTBIpYFa
okeneriHairi aHpikranael. JKorapel TeMmmeparypanapia a3oTTalnFaH KabaTTapiablH TO3yFa Te3iMIiTIriHe
JKayanTbl Heri3ri (akTop TeMipMEH CallbICTBIPFAHAAFbl JKbUTy MeJmepi KeOipek OonaThiH a30TThI
MapTEHCHUTTIH XoHE YCaK ANUCIIEPCTI HUTPUATIK OOIIIEKTepIiH TY31Iyi 0B TaObUIATEIHABIFBI AHBIKTANIIEL.

Kinm ces30ep: TpnOOJOTUSIBIK CHIHAK, TO3Y, YHKENy, a30TTay, SJIEKTPOJIMTTIK IUIa3MalbIK eHaey, ROMS
JKBUIIAM KEeCKilI Ooar.

B.K. Paxagunos, JL.I'. XXypeposa, M. lllehdnep, A.K. Xacenos

HN3meHeHne BBICOKOTEMIIEPATYPHOM M3HOCOCTOMKOCTH ObICTPOpeEsKYLIei
CTAJIM NPH IVIA3MEHHOM a30THPOBAHMH

B pabote onmcans! pe3yIbTaTsl TPUOOIOTUUECKUX UCTIBITAHUN TOBEPXHOCTHOTO CJIOSI OBICTPOPEXKYIIUX CTa-
JeH, a30TUPOBAHHBIX B JJIEKTPONMTHOU mnasme. Mcmbitanus nposonuwuchk npu temmeparypax 500 °C,
550 °C u 600 °C no cxeme «map-Iuck». M3HOCOCTONKOCTh OLleHMBaIaCh UHTEHCUBHOCTBIO M3HALIUBAHUS U
K03 HHUIHEHTOM TpeHHUs. Y CTaHOBJIEHO, YTO H3HOCOCTOMKOCTh a30THPOBAHHOTO CJIOS OBICTPOPEXYILECH CTa-
JIM U3MEHSETCS B 3aBUCHMOCTHU OT TEMIIEPaTyphl OKpYXKAIoLe cpeasl U a30TUPOBAHHBIN CIION Oosee ycTon-
yuB K M3HOCY A0 Temueparyp 550 °C. OmpeneneHo, 4yTO MOBBILIEHHE TEMIIEpaTypsl ucnbiTanuii 1o 600 °C
NPUBOJUT K CHIKEHHIO H3HOCOCTOWKOCTH, @ TAKKe YBEIHYCHHIO K03 uuuenta Tpenus. O0CyKIatoTes oc-
HOBHBIE ()aKTOPHI, BIMSIOIINE Ha IMOBBIIICHHE M3HOCOCTOMKOCTH MOBEPXHOCTHOTO CJOSI OBICTpOpexymiei
CTaJIM TOCJIE DJIEKTPOIUTHO-IUIA3MEHHOTO a30THPOBAHUS. DKCHEPHMEHTATEHO YCTAaHOBJIEH ONTHMAJbHBII
PEXKHM 3JIEKTPOIUTHO-IUIA3MEHHOTO a30THPOBAHUS ObICTpopexyInel cranu POMS B a1ekTpoinTe Ha OCHOBE
kapOaMua, KOTOPBI IO3BOJISIET NPOBOAUTH HACHIIIEHHE ITOBEPXHOCTH a30TOM M3 HHU3KOTEMIIEpaTypHOM
IUIA3MBI U TTOJTyYUTh MOAU(UIIMPOBAHHBIN CI10I1 BHICOKOW TBEPAOCTH M U3HOCOCTOMKOCTHU. Y CTAHOBJICHO, YTO
OCHOBHBIM ()aKTOPOM, OTBEYAIOLIMM 32 HU3HOCOCTOWKOCTH Q30THPOBAHHBIX CJIOEB IPU BBICOKHX TEMIIEPATY-
pax, siBisieTcst 00pazoBaHKUe a30TUCTOrO MapPTEHCHTA, KOTOPBIH 00agaeT 0oJblieil TENI0eMKOCTBIO MO CPaB-
HEHHIO C XKEJIe30M, U MEJIKOJUCTIEPCHBIX HUTPHUAHBIX YACTHII.

Knroueegvie crosa: TpubOIOrHIecKoe UCIbITAHHE, H3HOC, TPEHHE, a30THPOBAHKE, ICKTPOJIUTHO-IUIA3MEHHAS
o0paboTka, OsIcTpOpexymmas cTaab ROMS.
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