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Rezumat. Aceast lucrare prezirit un studiu bibliografic ~ Abstract. This paper presents a bibliographical study
privind proprietitle mecanice si tribologice ale  concerning the mechanical and tribological propertf
straturilor suliri de tip MeN, (Me = Ti, Zr, Ta). Diferite ~ MeN, type (Me = Ti, Zr, Ta) coatings. Various reseasche

cerceliri au demonstrat faptubcacati compui, obtinuti have shown that these types of MeNMompounds
sub formd de straturi suliri, prezin bune proprieiti revealed good properties in terms of hardnesstidric
mecanice, tribologice, o bamezistem la coroziune etc.  wear and corrosion aspects.

Din dorina de extindere a ariei de aplicabilitate a Wishing to extend the practical applicability ada

acestor tipuri de straturi, Tn ultimul timp cermde s-au  these compounds, in the last time, the researclees w
extins si s-au axat pe &gpirea unor compogi care 4 focused for finding optimal compositions which abul
ofere simultan un caracter aplicativ multifunctigna offer the multifunctional character. That meansatow
intelegand prin aceasta asocierea de bune priypriet with good mechanical, tribological, electrical, iopt and

mecanice, tribologice, electrice, optigalecorative. decorative aspects, in a simultaneously mode.
Cuvinte cheie: straturi suliri, metale de trange, Keywords: thin—films, transition metal, nitride, hardness,
nitrura, duritate, uzut, frecare wear, friction
1. Introducere 1. Introduction
In ultimii ani s-a acordat o importgndeosebit In the last years, a special importance was

n ceea ce priwte dezvoltarea domeniului Ingineriei granted to the development of the Surface
Suprafeelor, urnirindu-se posibilitatea de a conferii Engineering field, focusing the research activiy t
suprafeelor diferitelor produse un caracter aplicativthe possibility for offering to the surfaces a mult
multifunctional, Tnelegdnd prin aceasta asocieredunctional character; this character supposes
simultard de bune propriéti mecanice, tribologice, simultaneous collocation of performant mechanical,
electrice, opticesi decorative. In acest mod s-atribological, electrical, optical and decorative
incercat extinderea ariei de aplicabilitate a unuproperties. In this way some researches tried to
produs, cu referire la diferite domenii precumextend the application area of a product, referting
industria diferitelor categorii de scule, dispomtsi  different fields such as the industry of different
verificatoare, bio-inginerie, industria de automepi categories of tools, devices and checkers, the

industria aerospela, decorguni etc. biomedical domain, the cars industry, the aerospace
industry, decorations etc.
Referitor la scopul anterior amintit, diferitele Regarding the above mentioned purposes, the

procedee de depunere a straturilorgisyldin cadrul  different deposition processes of thin films,
metodelor CVDsi PVD, au jucat un rol important in  belonging to CVD and PVD deposition methods
sectorul Ingineriei Suprafelor. Straturile sufiri have played an important role in Surface
dezvoltate Tn cadrul sistemului MgNle tip nitruri  Engineering sector. The thin layers developed
ale metalelor tranibnale (Me = Ti, Zr, Ta), au fost inside of the Mely system type (Me = Ti, Zr, Ta),

frecvent utilizate, atunci cand s-a discutat desprevere frequent used, when we talk about multi-
multifunciionalitate, avand in vedere propfie  functionality. This aspect is correlated with the
deosebite pe care le corifeproduselor, Tn zona special properties of the films which give to the
superficial, darsi a posibiliitii relativ usoare de  products, in the superficial area, performant
modificare a acestor proprigit prin baleierea properties and the possibility for tuning propestie

raportului compozional Me/N. by variation of compositional ratio Me/N.
Din punct de vedere tribologic nitrurile From tribological point of view, the transition
metalelor tranzionale MeN se remart prin metal nitrides - MelN are characterized by
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proprietitile  performante, incluzand duritate performant properties, including here a high
ridicati, rezistesi la uzare si la coroziune, hardness, good wear and corrosion resistances, high
stabilitate la temperatirridicat, aspect decorativ temperature stability, nice decorative appearance
placut etc. Astfel din acest punct de vederegstace etc. Thus, from this point of view, these compounds
compyi se studiaxz in prezent pe scarlargs, are widely studied in present, becoming important
devenind importagnpentru aplicéi cum ar fisi cele  for applications such as the tribological ones [1].

de tip tribologic [1].

Straturile subri de tip TiN,, ZrN,, TaN, pot fi Thin layers TiN, ZrN,, TaN, types, can be
depuse Tintr-un mod eficient, prin utilizarea deposited in an efficient mode, by using different
diferitelor procedee de depunere din cadrul metodeprocedures deposition of the Physical Vapour
de depunere fizic din vapori PVD (Physical Deposition (PVD) method. For preparing of this
Vapour Deposition). Pentru prepararea acestocompounds as thin films, it is necessary a very
compyi sub fornd de straturi suliri este necesar attentive control of reactive gas flow (nitrogen),
un control atent al amimii fluxului de gaz reactiv taking into account that this flow influences the
(in acest caz azotul), avand in vedere faptul cfinal properties of the Ilayers through the
acesta influefgaz semnificativ propriditile finale  participations of the atomic elements present @ th
ale straturilor, prin compoga compusului. In  composition. As a conclusion, based on an
concluzie, pe baza unei abard inteligente a intelligent approach of the fabrication of these
fabricarii acestor compi existi posibilitatea materials, there is possibility to tune their prties
direaionarii proprietitilor lor in sensul dorit, pentru in the required direction, for certain industrial
anumite aplicai industriale. applications.

Referitor la diferitele posibiliti aplicative ale Regarding to the different practical application
acestor straturi, pot fi considerate cele prezeritat possibilities of these layers, it can be considered
diferite lucari publicate; astfel se poate preciza c certain examples presented in different papers, thu
straturile de tip nitrdr de titan (TiN) sunt frecvent it can be considered titanium nitrides (TiNilms
utilizate pentru Tmbuftatirea  propriedtiior  which are on a large scale used for improving ef th
tribologice, a sculelor desehiere fabricate dintel  tribological properties of different cutting tools
rapid de tip AISI-M2, in vederea Tmbiatatirii manufactured from high speed steel, AISI-M2 type
performanelor de achiere [2]. Investigarea [2]. Tribological investigation of these superficia
tribologici a acestor scule tratate superficial a dus ldreated tools led to the conclusion that using
concluzia & utilizarea procedeelor aferente metodeidifferent PVD processes for obtaining the layers,
PVD pentru okinerea acestor straturi a contribuit la concurred to increase the durability [2]. At thensa
cresterea semnificativa durabilititii sculelor [2]. In  time, TiN, films offer to the tool a good corrosion
acelagi timp straturile de tip TilN ofeld sculei o  protection and provide to the manufactured surface
bura protegie la coroziunesi confef supraf¢gei  a minimum roughness.
aschiate o rugozitate minifin

Cercetrile realizate pe straturile de TN Measurements of surface defects, friction
asupra defectelor superficiale, caracteristiciler d characteristics and wear coefficient made on,TiN
frecaresi asupra coeficientului de uzirau afitat layers, revealed that using Physical Vapour
ca utilizarea metodei PVD pentru fierea acestor Deposition (PVD) method for obtaining these
straturi poate reduce Tn mod semnificativ procesulayers, can contribute effectively for reduce wear
de uzarsi poate elimina scoaterea premétdin uz  process and for minimize components loss. The
a componentelor. Straturile de Tibfera sculelorsi TiNy layers offer to the tools a good corrosion
o buri protegie la coroziune 1n congile protection and surface finishing, in addition to a
meninerii unui grad de finisare al suprggeridicat  high wear resistance and low friction coefficient
(rugozitate sgzuti). (roughness low).

Pe de alt parte, in timpul gchierii, On the other hand, during the cutting process,
temperaturile dezvoltate de procesul de frecare léemperatures developed at tool-piece interface (due
interfaa sculi-piesi sunt in jurul valorilor de to the friction) are around 450-5@ There is no
450-500°C, astfel & nu exist pericolul defornarii risk of tool-steel substrate deformation the staed
substratului de tel din care este fabricatscula, also there is no risk of modifying the specific
respectiv cel al modifixii proprietitilor mecanice mechanical properties of the deposited layer [2].
specifice stratului depus [2].
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Conform mai multor ludri in domeniu [3, 4, According to several papers developed in this
5, 6, 7, 8, 9], caracterizarea straturilor de tiN,Ja  field [3, 4, 5, 6, 7, 8, 9], the high hardness and
generat ofinerea unor rezultate favorabile referitoare favourable compressive stress state, provide to the
la proprieftile mecanicssi tribologice ale acestora, TiN, films an excellent wear behaviour, and
datoriti unei durititii ridicate oferiti si de o stare de generally, performant tribological properties.
tensiuni remante de compresiune favoeabiare The properties of TiN type compounds
confetd n final o exceler comportare la uzare. allowed the use of these layers in the automotive
Aceste propriéiti au permis utilizarea acestor straturi industry, for fabrication of various industrial
in fabricarea unor piese specifice industriei decomponents, tools, decorative coatings, abrasion-
automobile, unor diferite componente industriale,resistant coatings deposited on tool steels, hard
scule, straturi decorative, straturi rezistente lacoatings etc.
abraziune depuse pesturi de scule etc.

Referitor la straturile de tip ZgNconform [10], Regarding to the ZrNtype thin layers, these
acestea preziit bune proprigiti mecanice si ones present good properties such as: high
tribologice, duritate ridicat temperatur de topire  mechanical and tribological properties, high
ridicati, rezistexd foarte bufi la coroziune, hardness, high melting point, high corrosion
ductilitate bui. Totoda#, aceste straturi prezintin resistance, good ductility. At the same time, these
grad Tnalt de aplicabilitate Tn diferite domenii thin layers present a high degree of applicability
industriale, precum 1n bio-inginerie, in medicsau  different industrial fields, such as in bio-

n industria chimia. engineering, medicine, industrial chemistry [10].
Straturile subri de tip ZrN, pot fi sintetizate ZrN, thin layers can be sintered by various
prin Depunere Chimic din Vapori — CVD, techniques, like Chemical Vapour Deposition -

Depunere cu Laser Pulsatoriu — PLD, DepunereCVD, Pulsed Laser Deposition - PLD, Physical
Fizica din Vapori asistatde fascicule electronice — Vapour Deposition assisted by Electron Beam -
EBPVD, Depunere prin pulverizare (Sputtering), EBPVD, Sputtering Deposition, and the PVD
Depunere prin PVD in arc catodic [11]. Cathodic Arc Deposition [11].

Compuii de tip TaN olkinuti, de asemenea A special attention was drowned, in the last
sub formd de straturi sufiri, au atras o ateie  years, for Talthin layers. Due to the remarkable
deosebit Tn ultimii ani datorii propriettilor physical and chemical properties, among which we
remarcabile, dintre care se pot enumera stabditatecan enumerate a good thermal stability, high
termica burd, temperatura de topire rididat melting point, good optical properties, and a high
propriettile optice, conductivitate electécidicati, electrical conductivity, high resistance to coroosi
rezistema Tnaléi la coroziunesi duritatea ridicat, and high hardness, the Tatims are recommended

fiind recomandg pentru aplicéi tribologice [12]. for different applications and also for the
tribological ones [12].
De asemenea, conform [13], straturiletiiide Thus, according with [13], thin layers - TaN

tip TaN, au devenit foarte atractive pentru agiica types become very attractive for applications such
cum ar fi; elemente structurale Tn cadrul unoras: structural elements inside of integrated discui
circuite integrate, supragecu rol tribologic, straturi  surfaces with tribological role, anti-corrosion
anti-corozive, unele componente utlizate lacoatings, and a few components used in the
fabricarea de rachete, aeronave etc. fabrication of rackets, aircrafts, etc.

Tabelul 1 prezirit valori ale temperaturii Table 1 presents certain values for hardness and
punctului de topirai ale durititii, pentru o serie de for melting point temperatures, in the case of bjina
compyi binari (nitruri si carburi ale unor metale compounds (nitrides and carbides of some transition
tranziionale), sub forr de straturi sufiri. metals) as thin layers.

Concerning the compounds previously

Referitor la compgii amintiti anterior, se poate described, it can be observed that the tantalum
observa & straturile de nitrdr de tantal TalN au o nitride layers - Taly have a melting temperature of
temperatut de topire de cca. 3300 °C, valori de about 3300°C and 1450 HV, in comparisson with
duritate de 1450 HV, in compaigcu TiN, si ZrN,, TiNy and ZrN, which revealed slightly lower
care prezirit temperaturi de topiresar inferioare, melting temperatures, of 2950°C, respectively
de 2950 °C, respectiv 2980 °g,valori de duritate 2980°C and higher values for hardness, 2100 HV
mai mari, 2100 HV respectiv 1600 HV. and 1600 HV respectively.
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Tabelul 1. Duritateai temperatura de topire pentru difedompui sub forma de straturi sufiri dure [13]
Table 1. Hardness and melting temperature of sar dpating materials [13]

Coating Hardness Melting temperature
(HV) Q)
Transition metal borides / carbides / nitrides
HfC 2700 3930
TaC 1500 +500 3980
TaN 1450 3300
TiC 2800 3070
WC 2200 +100 2770
ZrC 2560 3440
TiN 2100 2950
ZrN 1600 2980

2. Aspecte concrete privind proprietatile
mecanice si tribologice ale straturilor
subtiri detip MeNy, (Me=Ti, Zr, Ta)

In lucrarea [14] s-a efectuat un studiu privind

valoarea coeficientului de frecagea rezistetei la

uzare in funge de indércarea cuplei de frecare,

pentru o serie de straturi gitbde tip TiN, cu o
grosime de peste 5Q00n, olkiinute prin intermediul
procedeului de spreiere readtivin plasmi —
(Reactive Plasma Spraying — RPS).

Acest studiu s-a realizat in cotidde frecare
uscad, intr-un mod comparativ, pe probe ditelo
rapid AISI-M2 acoperitesi neacoperite cu TiN.
Cupla propriu-zis de frecare a fost constitaitlin
proba acoperita cu strat de tip TiN xsi o
semicupd mobilda de ael de rulmefi, in condiiile
unei micari liniare de ,dute-vino”, cu viteza liniar

de 0,4 m/s.
Astfel,

referitor

la coeficientul

de frecare

conform figurii 1, acesta a &t semnificativ Tn
cazul probelor acoperite cu straturi grbde tip
TiN odat cu craterea inércarii in cupla de frecare.

Volumetric wear loss (m®)

Friction Coefficien

2. Concrete aspects on mechanical and

tribological propertiesof thin films,

MeNx type (Me=Ti, Zr, Ta)

The paper [14] was conducted a study on the

friction coefficient and wear resistance as a fiomct
of load friction couple, for a series of TiN tygart
layers. The thickness of these layers was more than
500 um and these ones were obtained through the
Reactive Plasma Spraying — RPS process.

This study was done in dry friction conditions,
in a comparative mode, based on samples of AISI-
M2 high-speed steel coated and uncoated with TiN.
Friction couple was designed from the coated
sample (fixed) and another mobile half-couple made
from bearing steel, under conditions of linear
motion "come and go", with the linear speed of
0.4 m/s.

, Thus, regarding the coated samples with TiN,
according with figure 1, with increasing of friatio

couple load the friction coefficient decreased
significantly.
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Figura 1. Valorile coeficientului de frecare penproble de ¢l rapid AlSI-M2, acoperitgi neacoperite cu straturi de
tip TiN, in fungie de sarcina aplicatontactului [14]
Figure 1. The coefficient of friction of both sutés, layers of TiN and M2 steel against loads app the
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contact [14]

La aplicarea unor sarcini mai mari de 980 N, For higher loads (more than 980 N), it has been
s-a remarcat o spal@ poziionare la un nivel registered a slight positioning at a constant lefel
constant a valorii coeficientului de frecare, a&lup friction coefficient value; after this, it was retgred
care s-a inregistrat o @tere brusg, atingandu-se an important decrease of this parameter till values
valori de cca. 0,02 atunci cand sarcina a crescutf approximately 0.02 when the load reached 1470
parila 1470 N . N.

Coeficientul de frecare caracteristic probelor de  Friction coefficient values of AISI - M2 high-
otel rapid de tip AISI - M2 neacoperite cu strat BN speed steel uncoated samples remained broadly
ramas, in general constant, la valori de aproximatiwconstant, at values of approximately 0.37, for the
0.37, pentru tot intervalul de iircare 490 - 1470 N. entire load interval 490 - 1470 N. Therefore, the
Prin urmare comportamentul de frecare al probelofriction behaviour of the coated samples is superio
acoperite cu straturi de tip TiN este superior iceluto the same one, specific of uncoated steel samples
specific probelor de tel neacoperite, in conilie in a load dry friction conditions.
unei fredri uscate, sub sardn

In figura 2, se poate observa dependéntre Figure 2 shows the dependence between the
pierderea volumit de materialsi sarcina aplicat =~ mass material loss and the applied contact load. Fo
contactului. Pentru sarcini mai mici (490 — 980 N),smaller loads (490 — 980 N), the mass loss was not
pierderile de material nu sunt semnificative, darsignificant, but for values over than 1000 N (1000
odati cu depisirea pragului de 1000 Ni pari la  to 1470N), the mass loss increased. It can be
1470 N, pierderea se accentugaaceasta fiind la underline that this increasing of wear is more
maxim de 6,86 mfpentru probele acoperite cu significant for the uncoated samples (18.5%nm
TiN si de 18,5 mmpentru cele neacoperite. comparison with those coated with TiN which

reached a maximum of 6.86 Mmmass loss.

Tn urma realizrii acestor studii, s-a demonstrat As a conclusion, it have been demonstrated that
ca straturile sutbiri de tip TiN, cu o grosime de cca. the TiN thin layers, with a thickness of approx050
500 pum, olginute prin intermediul procedeului de um, obtained by Reactive Plasma Spraying — RPS
spreiere reacti/in plasmi — (RPS), preziato burd  process, offer to the samples a good wear resistanc
rezistema la uzaresi un coeficient de frecare redus. and low friction coefficient.

[ ] L
—u— M2 high-spesd sheel
16 A~ TiH coated samplas

Volumetric wear loss (m?)
o
1

400 600 BO0 1000 1200 1400 1600
Load (N) (non — lubricated, 60 min)

Figura 2. Dependea intre pierderea voluniiae materiaki sarcina aplicatcontactului [14]
Figure 2. Volumetric wear loss of samples agaioatis applied to the contact [14]

Erdem Atarsi E. S. Kayali [15], au evaluai Using a "ball-on-disc" type tribometer, Erdem
comparat performaa tribologi@ a straturilor de tip Atar, and E.S. Kayali [15], have evaluated and
ZrN si (Zr, 12% Hf)N, prin intermediul utiliZrii compared the tribological performance of ZrN and
unui tribometru cu contact de tip "bil- disc".  (Zr, 12 wt% Hf)N type films. These layers were
Aceste straturi au fost depuse pe vl de scule de deposited on tool steel, AISI-D2 type, by Physical
tip AISI-D2 prin procedeul de depunere fizidin  Vapour Deposition Process, in a chatodic arc

RECENT, Vol. 11, no. 2(29), July, 2010 87



Aspecte teoretice privind unele progtietecanicsi tribologice ale straturilor stid de tip MeNx (Me = Ti, Zr, Ta)

vapori in arc electric (Chatodic Arc-PVD). configuration (Chatodic Arc-PVD).

Examiririle XRD (figura 3) au relevat faptubic XRD investigations revealed that it could be
ZrN prezint o structud cristalografi@ de tip cubic  obtain a cubic crystallographic arrangement when
in cazul in care Hf formeazn rgeaua de bazo  Hf is dissolved in ZrN base structural support to
soluie solida. form a solid solution (figure 3).

Procesul de durificare a s¢ki solide este Due to small atomic radius difference between
neglijabil, datorii diferentei mici ntre razele Zr and Hf atoms, the solid solution hardening
atomice ale Zgi Hf. Cu toate acestea, adaosul deprocess is not very important. However, Hf addition
Hf a Tmburititit forta de adergd intre stratsi improved the adhesion force between the coating
substrat [15]. and the substrate [15].

(11ly

Counts (a.u

(200

ih)

S|/ EI

{a) e JI'I-..-"M
n o 40

Figura 3. Figurile de difraie specifice straturilor de tip: (a) Zrhi, (b) (Zr, 12% Hf)N [15]
Figure 3. XRD patterns of: (a) ZrN, and (b) (Zr,&®6 Hf)N coatings [15]

In figurile 4 si respectiv 5 sunt prezentate o The figures 4 and 5, are present some aspects
serie de aspecte microscopice privind defecteleegarding the micrograph defects that occurred
aparute pe straturile de ZrNi (Zr, 12% Hf)N, in  during adhesion tests (scratch method) and hardness
timpul efectdrii ncercirilor de aderefd (prin  evaluation tests (by Rockwell Cone method), on
metoda zgéarierii}i a testelor de evaluare a datiit ~ ZrN and (Zr, 12%wtHf)N layers.

(prin metoda Rockwell Con). During the scratch test, the film's cracking

In primul caz, deteriorarea stratului aiag ca  phenomenon appeared as stress - strain induced
urmare a fisurilor induse de tensiunile dezvoltate. process.

In comparge cu stratul de (Zr, 12% HfN, In comparison with the (Zr, 12wt% Hf)N
stratul de nitruf de zirconiu (ZrN) prezidtun aspect coating, the zirconium nitride (ZrN) coating reeal
mult mai uzat, uniform dezvoltat, fiind vizibile o an uniform and severe wear aspect, being visible a
serie de fisurisi desprinderi de material (figura 4). lot of cracks and material detachments, figure 4.
Examinarea regiunilor limitrofe amprentei Rockwell The examination of the adjacent regions of the
C, ofea detalii privind modul de uzare a stratului de Rockwell C indent, revealed the failure mode of
ZrN — printr-o exfoliere latera) in comparge cu  ZrN coating as lateral flaking, in comparison with
stratul de (Zr, 12% Hf)N unde nu s-a observat aici (Zr, 12 wt% Hf)N coatings where these aspects
zord de exfoliere (figura 5). were not observed, figure 5.

In concluzie, duritatea straturilor de ZrN cu As a conclusion, the hardness of ZrN layers
adaos de 12% Hf nu s-a schimbat Tn modwith 12% Hf did not changed significantly, but an
semnificativ, dar s-a realizat o Tmkititire a fotei improvement of adhesion was and a better friction
de aderefa precumsi obtinerea unei reziste¢g mai  behaviour were obtained.
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bune la frecare uscat

(@) ()
Figura 4. Micrografiile aferente straturilor suptiseerérilor de aderefa (prin metoda zgarierii) - defecte formate pe
straturi la finalul testelor: (a) ZrNi (b) (Zr, 12% Hf)N [15]
Figure 4. Optical micrographs of the damages fororeda) ZrN, and (b) (Zr, 12 wt% Hf)N coatingseafscratch
testing [15]

(a) (b)
Figura 5. Defecte formate pe straturile de tip:Zdy, si (b) (Zr, 12% Hf) N in timpul testelor de duritgbein metoda
Rockwell C [15]
Figure 5. Damages formed on: (a) ZrN, and (b) {2rwt% Hf)N coatings during Rockwell C testing [15]

Referitor la compgii de tip TaN, 1in Regarding TaN compounds, according to the
conformitate cu lucrarea [1], o serie de astfel depaper [1], tantalum nitride (TaN) thin films were
compui, sub fornd de straturi sufiri, au fost deposited on SKD11 tool steel substrate by a D.C.
depui pe un substrat dgel de scule de tip SKD11, Reactive Magnetron Sputtering technique. The
prin intermediul procedeului de pulverizare reactiv influences of the MAr gas ratio on the final
in sistem magnetron (in curent continuu). S-astructure, hardness, adhesion of the film to the
investigat influepa raportului de gaze Mr asupra substrate and wear behaviour were investigated.
structurii, durititii, aderemei si rezistenei la uzare. The X-ray diffraction data showed that thin layers
Difractia de radigi X a demonstrat faptul & of TaN deposited using low JMr gas ratio,
straturile subri de TaN depuse in conilie exhibited a tetragonal h-Ta (330) and hexagonal
utilizarii unor valori mici ale raportului MAr, au  TaN (101) crystallographic structural aspects.
prezentat structuri cristalografice tetragonaleah-T Orthorhombic TaN (110) and orthorhombiesNs
(330) si hexagonale TaN (101). Odatu cregterea  were formed with the increase of the/Ar gas
raportului N/Ar au predominat structuri de tip ratio, figure 6.
ortorombic TaN (1103i TagNs (figura 6).

O duritate ridicat a straturilor a fost remaréat Higher values of films hardness were observed
la valori mici ale raportului MAr (figura 7). S-a for low NyAr gas ratio (figure 7). The films
constatat faptul & straturile depuse cu un raport prepared with a MAr gas ratio of approximately
gazos NAr de cca. 0,3 au manifestat, Tn agela 0.3 showed, at the same time, a good adhesion, a
timp, o bura aderem, o buri rezistemi la uzaregi 0 good wear resistance and a high enough hardness of
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duritate suficient de ridicatHVv0.05 = 1450 [1].
Figura 8 prezirit valorile de duritate ale

HV0.05 = 1450 [1].
Figure 8 shows the hardness values of TaN thin

straturilor sulgri de TaN depuse la diferite tensiuni films deposited at various substrate bias potemtial
de polarizare ale substratului. Astfel se poateThus, it can be observed that, when the substrate

observa & cu cat tensiunea de polarizare
substratului a crescut, duritatea stratului a eregc
apoi a sszut. S-a obnut o valoare maxith de
duritate pentru o tensiune de polarizare a subdtiat
de -50 V. Straturile cu o structufind (o granulge
mica) au adtat o bui rezistema la uzare.
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21 said] e {0
> I
-‘5] 4 TaM({101) ———=
c
[0 :
_ TaN, — )
] TaN{110} _LJJ (a)
Diffraction angle 2
1700
1600
1500 TT—
8 14001 i\
>CJ 4
£ 13007 \
1200+ \
1100 \
1000 \]
900 {
0.0 0.1 0.2 03 04
No/Ar ratio
Figura 7. Duritatea straturilor de TaN depuse la
diferite varigii ale raportului de gaz NAr [1]
Figure 7. Hardness of TaN films deposited at
various N/Ar gas ratio [1]
3. Concluzii

Lucrarea de fa si-a propus & prezinte cateva
aspecte referitoare, Tn special, la progtiket
mecanicssi tribologice ale straturilor suioi de tip
MeN, (Me = Ti, Zr, Ta). S-a demonstrat faptu c
straturile subiri de tip TiN, cu o grosime de cca.
500 um, olginute prin spreiere reactvin plasni

abias voltage increased, coating hardness increased
first and then decreased. A maximum value of
hardness was obtained for a substrate bias voltage
of -50 V. The films with a fine structural aspect
(smaller grains) showed a good wear resistance in
comparison with those containing bigger grains.

Figura 6. Figurile de difraie specifice straturilor de
TaN depuse la diferite vartinale raportului de gaz
Nz/Ar:
(a) N/Ar=0.1, (b) N/Ar=0.2, (c) NJAr=0.3,
(d) No/Ar=0.4) [1]

Figure 6. X-ray diffractograms of TaN films
deposited with various NAr gas ratios of inlet gases
(a) N/Ar=0.1, (b) N/Ar=0.2, (c) NJAr=0.3,
(d) No/Ar=0.4) [1]
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Figura 8. Duritatea straturilor de TaN depuse la
diferite tensiuni de polarizare a substratului [1]
Figure 8. The hardness of the TaN films
deposited at various bias potentials [1].

3. Conclusions

The goal of the paper is to show general aspects
regarding, in special, the mechanical and tribaali
properties of MeNtype (Me = Ti, Zr, Ta) coatings.

It was demonstrated that the TiN type thin layers,
with a thickness of approx. 500m, obtained by
Reactive Plasma Spraying — RPS process on AISI-
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— (RPS), preziit o buri rezistega la uzaresi un M2 high-speed steel substrates, presented a better
coeficient de frecare mult diminuat comparativ cuwear resistance and a lower friction coefficierluea

0 serie de probe dintel rapid AISI-M2, comparative with a lot of uncoated samples made
neacoperite. from the same steel.

Referitor la straturile de tip ZrN @hbute prin Regarding the ZrN films obtained by PVD -
procedeul PVD — arc catodic, s-a constatat c Cathodic Arc technique, the research results redeal
duritatea straturilor cu un conut de 12% Hf a that the hardness values of the films with 12% Hf
fost comparabil cu cea a straturilor de ZrN, dar s- were not significantly changed, but an improvement
a ohinut o Tmburtatire a fotei de aderefi  of adhesion strength was achieved and also a better
precumsi un comportament la frecare mai bun.  friction — wear behaviour.

In cazul straturilor suiri de tip TaN depuse In the case of TaN type thin films deposited on
pe un substrat deted de scule de tip SKD11, prin SKD11 tool steel substrate by D.C. Reactive
intermediul procedeului de pulverizare reatfiv’ Magnetron Sputtering technique, from a tribological
sistem magnetron, cele mai favorabile rezultatepoint of view the best results were obtained far th
din punct de vedre tribologic, s-autimtut pentru 0 substrate bias voltage of -50V. For these filmghwi
valoare a tensiunii de polarizare a substratului de decreasing of the grains size, the wear behaviagr w
50V. Straturile cu o structéirmai find au aéitat o improved.
mai burd rezistemd la uzare.
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