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Rezumat. Domeniul depunerilor unor straturi sitbpe Abstract. The deposition field of several coatings on
diferite substraturii Tn cadrul acestuia cercetarea depu-different substrates and the research of the T-8in
nerilor de tip Ti-Si-C este din ce Th ce maspandii la films have attracted an increasing interest ingtience
nivel mondial, datorit proprietitilor deosebite pe care le world, because of the extraordinary properties subloy
prezinti aceste noi materiale ce Tm#iimtr-un mod favo-  these new materials, which combine in a favouralig
rabil caracteristicile materialelor metaligeceramice. In  the characteristics of the metallic and ceramicterias.
lucrarea de fé sunt prezentate date generale referitoareThe present paper presents some general data iregard
la sistemul Ti-Si-C, precumsi rezultate experimentale Ti-Si-C system, and also some experimental results
obtinute Tn urma depunerii de straturi gltip Ti-Si-C obtained as a result of the deposition of Ti-Siegatimgs

pe un substrat dintel rapid, la temperaturi zute.  on high-speed steel substrate, at low temperatlirese
Astfel, sunt prezentate caracteristicile tribolegicom-  are presented the tribological characteristics (wea
portamentul la uzare, coeficiginde frecare) ale straturi- behaviour, friction coefficients) of the depositélins,

lor depuse, date @hute cu ajutorul unui tribometru tip data obtained with a “ball on disk” CSM type tribeier.
CSM Instruments.

Cuvinte cheie: straturi subri, depunere, Ti-Si-C, uzare, Key words: thin films, deposition, Ti-Si-C, wear,

pulverizare sputtering
1. Introducere 1. Introduction
Subiectul abordatsi anume cel al depunerilor The subject of the deposition of the Ti-Si-C

de straturi sufiri tip Ti-Si-C, prezink un larg type thin films presents a wide interest at world
interes pe plan mondiagi, Tn ultimul timp, si pe level, and, lately, at national level, fact reveaby

plan naional, fapt relevat de numeroasele artigble the numerous articles and monographs published in
monografii agrute Tn literatura de specialitate [1-7, the specialty literature [1-7, 9, 10]. Despite bét
9-10]. In ciuda faptului & datele bibliografice fact that the available data regarding Ti-Si-C eyst
referitoare la sistemul Ti-Si-C (faza tip MAX, In (MAX phase, generally) presents an increasing
general) sunt din ce Th ce mai numeroasefrend, the most of the researchers encourage the
majoritatea cercatorilor Tncurajeaz continuarea further investigation on this system.

investigaiilor referitoare la acest sistem.

Cercetrile referitoare la sistemul Ti-Si-C s-au The research regarding the Ti-Si-C system has
indreptat atre o nod familie de materialesi drawn toward a new family of materials, i.e. MAX
anume fazele MAX, faza 33iC, fiind cea mai phases, EBIC, being the most investigated, [1].
investigat, [1]. Sinteza de succes a fazelor MAX The successful synthesis of MAX phases in the
sub formi de filme suliri a atras ategimm asupra form of thin films has attracted the attention over
acestor materiale unice. Compusul ternar cunoscuhese unique materials. The ternary compound
sub numele de faza MAX (MAX, unde known as the MAX phase (MAX, where
M = metal de trangie; A = element din grupa A; M = transition metal; A = A group element; X = C
X = Csilsau N; n = 1, 2, 3§i, in particular, faza and/or N; n = 1, 2, 3) and, particularly,;3iC,
TisSIiC,, a atras o ateie considerabdl in ultimul  phase, has attracted a considerable attentiory latel
timp [2, 3, 4] datort proprietitior deosebite. In  [2, 3, 4] because of the extraordinary properties.
aceste materiale, [2, 3, 4], propitde metalice, these materials, [2, 3, 4], the metallic properties
precum conductivitatea electticsi termici si such as electrical and thermal conductivity and
rezistema la soc termic, sunt combinate cu thermal shock resistance, are combined with
propriettile ceramice, precum o baimezistem la  ceramics properties, such as good oxidation
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oxidare, o refractaritatg o temperatut ridicata de  resistance, a refractivity and high decomposition
descompunere (1800°C). Materialele de tip MAXtemperature (1800°C). MAX phase materials are
sunt interesantgi din punct de vedere tehnologic, interesting from the technological point of view,
datorita ductilitatii si prelucrabilifitii, [3]. Acest because of ductility and workability, [3]. This
material prezirt, de asemenea, 0 rezidtenla  material presents, also, a high rupture resistande
rupere ridicat si un coeficient de frecare foarte a very low friction coefficient. It is considerel@,
sazut. Se considér [2, 3], @& filmele subiri 3], that the thin films containing MAX phases,
cortinand faze de tip MAX, in particular sBiC,, particularly TgSIiC,, can become essentials in
pot deveni eseiale in aplic@i precum: contacte applications such: electrical contacts and coatings
electrice si straturi cu rol de proteie la uzare. with wear protection role. Te big disadvantage is
Marele dezavantaj il constituie faptui dilmele  the fact that the thin films containing MAX phases
sultiri contindnd faze MAX pot fi obnute la can be obtained at deposition temperatures higher
temperaturi de depunere mai mari de 700°C, [2, 3han 700°C, [2, 3, 5, 6]. Because of this high
5, 6]. Datorit acestei temperaturi ridicate, alegereatemperature, the choice of the substrate becomes
substraturilor devine foarte importantdeoarece very important, because these don't have to change
acestea nu trebuiei-si modifice compozia si in  the composition and especially the structure at the
special structura la temperatura de depunere.dstac deposition temperature. In this way, it is conséder
sens, se considef2] ca programele de cercetare ar [2] that the research programmes should be
trebui dezvoltate in sensul rezaiv acestui mare developed in order to solve this big disadvantage.
dezavantaj. Pe de altparte, temperaturie mai On the other hand, lower deposition temperatures
sazute de depunere conduc la formarea unofead to the formation of some nanocomposite
materiale nanocompozite, considerate ptatoare materials, considered promising for protective
pentru straturile protectoare din cadrul contactelocoatings from the electrical contacts, becauséef t
electrice, datorit rezisterei la uzare, la coroziung  high wear, corrosion resistance and high
a conductivitii ridicate [5, 7. conductibility [5, 7].

Tehnica folos# pentru realizarea depunerilor de The technigue wused for Ti-Si-C films
straturi tip Ti-Si-C pe substraturi dirnteb rapid este deposition on high-speed steel substrates is tee on
cea a pulverarii. Metoda pulverizrii este [8] o  of sputtering. The sputtering technique is [8] a
metodi de depunere a straturilor sinidn vid, in care  deposition method of thin films in vacuum, where
particulele de depunere sub farrde atomi neutri the deposition particles in the form of neutralnago
sau grupuri de atomi neutri, care pasedenergie or neutral atoms groups, which have an energy
intre 10eVsi 40eV, sunt obinute prin pulverizarea in  between 10 eV and 40 eV, are obtained by vacuum
vid a materialului de depunere aflat in stare 8olid sputtering of the solid state deposition matefitle
Principalele variante de pulverizare intalnite Tnprincipal types of sputtering systems are the
practic sunt urnitoarele: catodi; cu fascicul de following: cathodic, with ions beam, with neutral
ioni; cu fascicul de atomi neutri. Pulverizareaatoms beam. The cathodic sputtering, the most

catodid, cel mai frecvent intalrif poate fi [8]: frequently met, can be [8]:
- reactia (cu dod gaze de lucru): - reactive (with two working gases):
- cu substratul la potél negativ; - with the substrate at the negative p@aén
- reacti, n sistem magnetron (RF sau CC); - reactive, magnetron system (RF or DC);
- nereacti (cu un gaz de lucru): - nonreactive (with one working gaze)
- tip diad - diode type;
- tip diaéh RF; - RF diode type;
- tip triad - triode type;
- tip magnetron. - magnetron type
In ultimii zece ani, a fost publicat un nam In the last ten years, a relevant number of

semnificativ de ludri referitoare la depunerea de papers regarding the deposition of nanostructured
straturi nanostructurate prin tehnica pulvaiiz[2, films by sputtering was published [2, 3, 9, 10,.11]
3, 9, 10]. Scopul acestor cermetil constituie  The goal of these researches is the obtainingraf ha
obtinerea unor straturi dure, dar tenace, stabile films, but also tenacious, thermal stable and witch
termic si care 4 prezinte coeficiem de frecare should present low friction coefficients. In the sho
scizuti. In majoritatea cazurilor [2], motivia  of the cases [2], the motivation of the researches
cercefirilor a fost direct coreldt cu influena pe was directly correlated with the influence that the
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care gauntii cristalini o au asupra proprigtior si crystalline grains have over the properties, sa ove
implicit asupra performaelor acestor filme the performance of these multifunctional coatings,
multifunctionale, stiindu-se faptul & efectele finale knowing the fact that the final effects will be
vor fi cu atat mai semnificative cu catammea  relevant as the grain size is smaller. For example,
grauntelui este mai mic De exemplu, din punct de from the mechanical behaviour point of view, [2], a
vedere al comportamentului mecanic, [2], 8dece decrease of the grain size leads to the improve of
a marimii grauntelui conduce la o Tmbatatire  the mechanical resistance and toughness, by the
semnificatiéd a rezistetei mecanicesi tenacititii, process of blocking and stopping the dislocation
prin procesul de blocarg impiedicare a deplasi pinning. Nanostructured polycrystalline materials
dislocaiilor saudislocation pinningAstfel, au fost were obtained, consisting of atoms with different
obtinute materiale nanostructurate policristaline,chemical reactivity, witch then form different type
constand din atomi cu reactivitate chimidiferita, of phases that don’t exist naturally. During the
care formeax apoi diferite tipuri de faze inexistente deposition operation, phase segregation take place,
in mod natural. In timpul opetiai de depunere a creating multiphase materials, in witch, for
straturilor, au loc segregafazice, generandu-se example, crystalline phases are encircled by other
astfel materiale multifazice, in care, de exemplutypes of phases, in the crystalline grain lattiée.
faze cristaline sunt Tnconjurate de alte tipurfal®, = nanocomposite material is created this way, such
in cadrul reelei gauntelui cristalin. Este generat in the case of the well-known Me-Si-N system (where
acest fel un material nanocompozit, cum este cazMe = Ti, W, V), in which Me-N nanocristallites are
binecunoscutului sistem Me-Si-N (unde Me = Ti, incorporated in a Si-N amorphous matrix, [11].

W, V), in care nanocristali de Me-N sunt

Tncorporai intr-o matrice amot#f de Si-N, [11].

2. Date experimentale 2. Experimental data

Straturile tip Ti-Si-C studiate in prezenta The TI-Si-C thin films studied in the present
lucrare au fost depuse pe substraturi din oteldrapipaper were deposited on AISI M2 high speed steel
AISI M2 (echivalentul romanesc Rp3) folosindu-se substrates using the magnetron sputtering technique
tehnica pulverigrii Tn sistem magnetron, tehgiicle  physical vapour deposition technique. The principal
depunere fizig din vapori. Principalii parametri ai parameters of the sputtering operation were:
operaiei de pulverizare au fost u#torii: substrate temperature in the deposition chamber
temperatura substratului in incinta de depunege (fi (figure 1) was maintained at 30D, substrate bias
1) a fost mefinutai la 300C, tensiunea de voltage -50V, argon flow 100 sccm, target —
polarizare a substratului —50V, debitul de argonsubstrate distance 65 mm, Ti target current varied
100 sccm, distaa tinta — substrat 65 mm, curentul between 0.25 — 0.5 A.
la tinta de Ti a variat intre 0,25 — 0,5 A.

' Figura 1. Instalga de depunere
Figure 1. The sputtering system
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Tabelul 1. Compozi si grosimea straturilor depuse
Table 1. The composition and the thickness of taticgs
Sample Composition, at.% Atomic Thickness
No. Ti Si C o] formula pum
A2 51.14| 2.62| 43.09 3.25 Ti9Coss 0.9
Ad 27.19| 5.29| 65.32 2.2 TiSICs .40 0.3
A6 48.79 | 5.01| 4424 196 TiStCo.e0 0.6

Al15 78.63| 8.63] 2.65| 10.09 TitCoos 2
in tabelul 1 sunt prezentate compiazisi Table 1 presents the composition and the
grosimea straturilor depuse. Se poate observa dhickness of the deposited films. It can be sean th
grosimea straturilor variazntre 0,3 si 2 um. the thickness varies between 0.3 and 2 um.

Comportamentul la uzare a fost apreciat cu  The wear behaviour was appreciated using a
ajutorul unui tribometru tip CSM Instruments CSM Instruments Tribometer (figure 2). The
(figura 2). Tribometrul furnizedz de asemeneai tribometer also gives information regarding the
informatii referitoare la coeficieii de frecare. friction coefficients. The principal parameterstioé
Principalii parametri ai testului de uzare au fostwear test were: method — rotative “ball on disk”,
urmatorii: metoda — rotativ ,bila pe disc”, raza de wear radius 5 mm, rotation speed of the disk 4.8
uzare 5 mm, viteza de roi@ a discului 4,8 cm/s, cm/s, normal force 5 N. The working principle of
sarcina normal 5 N. Principiul de fungonare al the tribometer is the following: the static partner
tribometrului este urgtorul: partenerul static (bila) (the ball) is loaded over the sample with a coristan
este indrcat pe proba de analizat cu o saicin force. While the disk is rotating with the speaifie
prestabiliti, constarit. Pe nisura ce discul pe care speed, the friction forces that appear at the ball
se afi proba de analizat se rgte cu viteza sample contact are measured using a sensor. The
precizad, fortele de frecare ce apar la contactui bil wear for ball and sample are calculated on the base
— prok sunt nisurate prin intermediul unui senzor. of the volume of lost material during test.

Coeficienii de uzare atat pentru bijl catsi pentru
proka sunt calcula pe baza volumului de material
pierdut (dislocat) in timpul desjurarii testului.

Figura 2. Tribometrul folosit pentru determinareanportamentului tribologic
Figure 2. The ball-on-disk tribometer used for deiaation of the tribological behaviour

Aceast metod simphk faciliteaz studiul com- This simple method facilitates the study of the
portamentului la frecarg uzare al aproape otiui  friction and wears behaviour of almost any type of
tip de material In stare saiid prin modificarea solid-state material, by changing time, load, speed
timpului, a sarcinii, vitezei, temperaturii, umidit. temperature, humidity.
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3. Rezultate si discutii 3. Resultsand discussions

In tabelul 2 sunt prezentate rezultatele Table 2 presents the results (friction
(coeficienii de frecare, uzarea stratului)tolute in  coefficients, wear) obtained after the wear test. |
urma testelor de uzare. Se poate obseivarabele can be seen that the samples A2 and A6 presented
A2 si A6 au prezentat o uzare nesemnificativ an insignificant wear, which can be considered.zero
putdnd fi considerat nuli. Aceasi uzare This insignificant wear is a result of the high
nesemnificatii este o consediha durititii ridicate  hardness registered in the case of the two samples,
inregistrate in cazul celor doprobe, din figura 3 from figure 3 resulting clearly the fact that itedo
rezultdnd clar faptulacexist o puternid corelaie  exist a strong correlation between the wear
intre comportamentul la uzagieduritatea straturilor behaviour and the hardness of the analyzed
analizate. coatings.

Tabelul 2. Rezultatele @ghute n urma testelor de uzare
Table 2. Results obtained after the wear test

Sample Composition, at.% Atomic Thickness M.f.coef. | Wear rate
no. Ti Si C 0] formula pm C/Si | dynamic | mm3/N/m
A2 51.14| 2.62| 43.09 325 TiSCoss 0.9 16.44| 0.45797 0]

Ad 27.19 | 5.29| 65.32 2.2 TiSICo.40 0.3 12.34| 0.23547 1.38-10-b
A6 48.79 | 5.01| 44.24 196 TiStCo.w0 0.6 8.83 | 0.54169 m
A15 78.63| 8.63] 2.65| 10.09 TiSiCoos 2 0.31 | 0.56149  1.02-10-5
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Figura 3. Uzarea probelsr duritatea in fungie de raportul C/Si
Figure 3. Sample wear rate and hardness as aduaraftthe C/Si at. ratio

in figura 4 este prezentatcorelaia dintre Figure 4 presents the correlation between the

comportamentul la uzargi starea de tensiune wear behaviour and the residual stress state.nlt ca
remanert. Se poate observa faptula cun be observed that very good wear behaviour is
comportament la uzare foarte bun este asociat un@ssociated with low values of the residual stress.
tensiuni remanente cat maazgate.

In ceea ce priwte coeficietii de frecare, din Regarding the friction coefficients, from figure
figura 5 se poate observa cea mai mig valoare a 5 it can be observed that the lowest value of the
coeficientului de frecare a fost Tnregisiréit cazul  friction coefficient was registered in the case of
probei A4, proba in cazukreia s-a inregistrat cea sample 4, sample for witch it was registered the
mai mare pierdere de nagis timpul testului de uzare. highest value of mass loss during wear.

in figura 6 se poate observa suptaf@robei In figure 6 it can be observed the surface of the
A4, in cazul @reia s-a inregistrat cea mai riditat sample A4, where was registered the highest wear
valoare a urii. value.
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—m— wear rate —e— residual stress
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Figura 4. Uzarea probelsr starea de tensiune remariein funaie de raportul C/Si
Figure 4. Sample wear rate and residual stresguasction of the C/Si at. ratio

—a— dynamic friction coefficient —e— wear rate
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Figura 5. Uzarea probelsr coeficiertii de frecare dinamici in funie de raportul C/Si
Figure 5. Sample wear rate and dynamic frictiorffments as a function of the C/Si at. ratio

Figura 6. Proba A4 in urma testelor de uzare
Figure 6. Sample A4 after the wear test
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3. Concluzii 3. Conclusions

Lucrarea de fia si-a propus & prezinte aspecte The goal of the present paper was to show
generale legate de depunerea straturilor tip T&-Si- general aspects regarding the deposition of Ti-Si-C
pe substraturi dintel rapid prin tehnica pulverizii films on high speed steel substrates by magnetron
in sistem magnetron. De asemenea, au fodputtering. Also, there were presented the
prezentate caracteristicile tribologice ale unortribological characteristics of some Ti-Si-C cogsn
straturi Ti-Si-C depuse la temperaturiasate, deposited at low temperatures, showing the strong
evideniindu-se puternica legura existeni intre  correlation between the tribological properties
propriettile tribologice (uzare, coeficigh de  (wear, friction) and hardness, residual stresgstat
frecare), pe de-o partai duritate si starea de
tensiune remaneftpe de aft parte.
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