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Abstract 
Several works on the friction coefficient during abrasive wear tests are available in the 
literature, but only a few were dedicated to the friction coefficient in micro-abrasive wear tests 
conducted with rotating ball. This work aims to study the influence of titanium nitride (TiN) 
and titanium carbide (TiC) coatings hardness on the friction coefficient and wear coefficient in 
ball-cratering micro-abrasive wear tests. A ball of AISI 52100 steel and two specimens of 
AISI D2 tool steel, one coated with TiN and another coated with TiC, were used in the 
experiments. The abrasive slurry was prepared with black silicon carbide (SiC) particles and 
distilled water. Two normal forces and six sliding distances were defined, and both normal 
and tangential forces were monitored constantly during all tests. The movement of the 
specimen in the direction parallel to the applied force was also constantly monitored with the 
help of a Linear Ruler. This procedure allowed the calculation of crater geometry, and thus 
the wear coefficient for the different sliding distances without the need to stop the test. The 
friction coefficient was determined by the ratio between the tangential and the normal forces, 
and for both TiN and TiC coatings, the values remained, approximately, in the same range 
(from µ = 0.4 to µ = 0.9). On the other hand, the wear coefficient decreased with the increase 
in coating hardness. 
Key words: Micro-abrasive wear testing; Thin films; Friction coefficient; Wear coefficient. 
 
UM ESTUDO SOBRE COEFICIENTE DE ATRITO E COEFICIENTE DE DESGASTE DE SISTEMAS 

REVESTIDOS SUBMETIDOS A ENSAIOS DE DESGASTE MICROABRASIVO 
Resumo 
Diversos trabalhos sobre coeficiente de atrito em ensaios de desgaste abrasivo estão disponíveis na 
literatura, mas poucos estão relacionados ao coeficiente de atrito gerado em ensaios de desgaste 
micro-abrasivo por esfera rotativa. Este trabalho objetiva estudar a influência das durezas de filmes 
finos de nitreto de titânio (TiN) e carbeto de titânio (TiC) sobre os coeficientes de atrito e desgaste, 
em ensaios “ball-cratering”. Uma esfera de aço AISI 52100 e dois corpos de prova de aço-ferramenta 
AISI D2, um revestido com TiN e outro revestido com TiC, foram utilizados nos experimentos. A pasta 
abrasiva foi preparada com partículas de carbeto de silício (SiC) preto e água destilada. Duas forças 
normais e seis distâncias de deslizamento foram definidas, sendo as forças normal (N) e tangencial 
(T) monitoradas constantemente em todos os ensaios. Assim como N e T, com o auxílio de uma 
Régua Linear, o deslocamento (h) do corpo-de-prova, na direção paralela à aplicação da carga 
normal, foi continuamente medido, o que permitiu o cálculo da geometria de cada cratera de desgaste 
e, consequentemente, o cálculo do coeficiente de desgaste para as diferentes distâncias de 
deslizamento sem a necessidade de interrupção do ensaio. O coeficiente de atrito foi determinado 
pela relação entre as forças tangencial e normal, e para ambos revestimentos, os valores 
permaneceram, aproximadamente, na mesma faixa (entre µ = 0,4 e µ = 0,9). Por outro lado, o 
coeficiente de desgaste diminuiu com o aumento da dureza do revestimento. 
Palavras-chave: Ensaio de desgaste microabrasivo; Filmes finos; Coeficiente de atrito; Coeficiente 
de desgaste. 
 
1 Technical contribution to 64

th 
ABM Annual Congress, July, 13

th  
to 17

th
,
  
2009,  Belo Horizonte, MG, Brazil. 

2 Doctorate Student – Polytechnic School of the University of São Paulo (USP) – Department of Mechanical 
Engineering. 

3 Doctor in Metallurgic Engineering – Polytechnic School of the USP – Department of Metallurgic and Materials 
Engineering. 

4 Professor – Polytechnic School of the USP – Department of Metallurgic and Materials Engineering. 
5 Professor – Polytechnic School of the USP  – Department of Mechanical Engineering. 



1 INTRODUCTION 
 

At first, a list of symbols used in this manuscript is given. 
 
Nomenclature 
a internal diameter of the wear crater (substrate) [mm] 
b external diameter of the wear crater (coating) [mm] 
D diameter of the ball [mm] 
Ec Young’s modulus of the coating [GPa] 
Ei Young’s modulus of the indenter [GPa] 
E* reduced Young’s modulus [GPa] 
h total depth of the wear crater (coating and substrate) [mm] 
hc coating thickness [µm] 
H hardness [GPa] 
k wear coefficient [mm3/N.m] 
kc wear coefficient of the coating [mm3/N.m] 
ks wear coefficient of the substrate (substrate + coating) [mm3/N.m] 
kt total wear coefficient (substrate + coating) [mm3/N.m] 
n ball rotational speed [rpm] 
N normal force [N] 
R radius of the ball [mm] 
S sliding distance [m] 
t test time [s] 
T tangential force (friction force) [N] 
v tangential sliding velocity [m/s] 
V total wear volume (volume of the wear crater; coating and substrate) [mm3] 
Vc wear volume of the coating [mm3] 
Vs wear volume of the substrate [mm3] 
Greek letters 

α significance level 
µ friction coefficient 
µhigher higher friction coefficient 
µlower lower friction coefficient 
νc coefficient of Poisson of the coating 
νi coefficient of Poisson of the indenter 

Recently, the micro-scale abrasive wear test has gained large acceptance in 
universities and research centers, being widely used in studies on the abrasive wear 
of materials. Figure 1a(1,2) presents a schematic diagram of the principle of this 
abrasive wear test, where a rotating ball is forced against the tested specimen, in the 
presence of an abrasive slurry. There are two main equipment configurations to 
conducted this type of test: “free-ball” and “fixed-ball”. Figures 1b(3-5) and 1c(1,2,5-9) 
show examples of these equipments. 



 
 

 

 
 
 
 
 
 
 
 
 
 
Figure 1. Micro-abrasive wear testing by rotating ball: (a) schematic diagram of its principle;(1,2) 
(b) “free-ball” configuration;(3-5) (c) “fixed-ball” configuration.(1,2,5-9) 
 
The aim of the micro-abrasive wear test is to generate “wear craters” on the 
specimen. Figure 2 presents images of such craters when generated in coated 
systems, together with an indication of the total wear volume (V), the total crater 
depth (h), the coating thickness (hc), the internal crater diameter (a)(9) and the external 
crater diameter (b).(9) 
 
 

 
 
Figure 2. Images of wear craters generated in coated systems: (a) total wear volume - V (schematic 
illustration); (b) total crater depth - h and coating thickness - hc (schematic illustration); (c) internal 
diameter - a and external diameter – b.

(9) 
 
The internal and external diameters of the wear crater are commonly measured by 
optical microscopy, but other methods are available. For example, Computer Aided 
Design (CAD) software(2,5) has been used for this purpose. The total wear volume 
and the total crater depth may be determined as a function of b, using Equations 1(10) 
and 2,(11) respectively, where R is the radius of the ball. These equations are also 
valid for non-coated systems. 
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Two abrasive wear modes are usually observed on the surface of the worn crater: 
“rolling abrasion” results when the abrasive particles roll on the specimen, while 
“grooving abrasion” is observed when the abrasive particles slide(12-15) on the 
specimen. Depending on test conditions, “rolling abrasion” and “grooving abrasion” 
can occur simultaneously in a given crater.(1,2,5,6,12-14) Figures 3a,(12) 3b and 3c(5) 
present, respectively, images of rolling abrasion, grooving abrasion and a 
simultaneous action of rolling and grooving abrasion. 
 

 

Figure 3. Abrasive wear modes: (a) rolling abrasion;(12) (b) grooving abrasion; (c) simultaneous action 
of rolling abrasion and grooving abrasion.(5) 
 
The micro-abrasive wear test has been applied in the study of the abrasive wear of 
metallic(1-5,12) and non-metallic(5,6,15-23) materials and, depending on the equipment 
configuration, it is possible to apply normal loads (N) from 0.01 N(13,14) to 
10 N(1,2,12,15,24-26) and ball rotational speeds (n) up to 80 rpm.(2,17-19) 
The wear behavior of different materials is analyzed based on the dimensions of the 
wear crater and/or on the wear mode. Since the early works of Hutchings,(11-14,22,27) 
other important contributions have been provided in terms of this type of test, such 
as: the wear mode transition;(12-14) the wear coefficient (k);(17-19,21,26) micro-abrasive 
wear of coated systems;(17-19,21-23,26-32) micro-contact modelling of abrasive wear,(33-42) 
ridge formation(24;25,43-45) and angularity of abrasive particles.(46,47) 
Many works on friction coefficient (µ) during abrasive wear and other types of tests 
are available in the literature,(48-62) but only a few were dedicated to the friction 
coefficient in micro-abrasive wear tests with rotating ball.(22,36,44,63,64) In particular, 
Shipway(36) has analyzed the friction coefficient in terms of the shape and movement 
of the abrasive particles, Kusano and Hutchings(63) presented a theroretical model for 
friction coefficient in micro-abrasive wear tests with free ball equipment configuration 
and Cozza, Tanaka e Souza(65) measured the tangential force developed during tests 
conducted in a fixed ball equipment configuration, which allowed direct calculation of 
the friction coefficient by the ratio between the tangential and normal forces. 
With the intent to colaborate with the understanding of the behavior of the friction 
coefficient and wear coefficient of thin films in micro-scale abrasion wear tests by 
rotative ball, this work has two purposes: to study the influence of TiN and TiC 
coatings hardness on the i) friction coefficient and ii) wear coefficient. 
 

(a) (b) (c) 100 µm 



2 EXPERIMENTAL DETAILS 
 
2.1 Micro-abrasive Wear Test Equipment 
 
An equipment with fixed-ball configuration (Figure 4) was used in the micro-scale 
abrasive wear tests. This equipment was designed and assembled with some 
mechanical and electrical differences from fixed-ball equipments found in the 
literature.(12-15,17-19,24-26,30,31,43-45,61,66-68) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Micro-abrasive wear test equipment with fixed-ball configuration(65) used in the experiments 
of this work. Specimen: schematic illustration. 
 
In the test apparatus used in this work, the ball is fixed by two shafts, similar to 
systems available commercially,(14,38,68) and their rotation (shafts and ball) is 
controlled by a couple “servo-motor / servo-controller”, bought from Rexroth Bosch 
Group. This system allows to select rotational speeds of the ball from 10-5 rpm up to 
9,000 rpm, in both directions (clockwise and counter-clockwise). It is important to 
mention that the ball presents an eccentricity (misalignment) between 21-27 µm, 
without load. This condition was also observed by Gee and Wicks(44) but with a 
slightly lower eccentricity, between 20-24 µm. 
The normal force, controlled by a load cell, is applied on the specimen with the help 
of a second couple “servo-motor / servo-controller” (also provided by Rexroth Bosch 
Group); it rotates a screw and the normal force is applied. The tangential force (T) 
generated during the tests is measured by a second load cell, fixed below of the 
specimen, and its value is shown by a readout system. 
Finally, with the help of a Linear Ruler, it is possible to continuously measure the 
displacement of the specimen (or, wear crater depth - h) during the tests, with 
precision of 1 µm. 
 
2.2 Materials 
 

Experiments were conducted with one ball made of AISI 52100 steel, which 
presented a diameter (D) of 25.4 mm (1”). Two specimens of AISI D2 tool steel, one 
coated with titanium nitride (TiN) and the other coated with titanium carbide (TiC), 
were used in the tests. 
The thin films were depostied at the Instituto Tecnológico de Aeronáutica (ITA), in a 
Reactive Diode RF Magnetron Sputtering chamber. Table 1 shows the parameters 
that were kept constant during the depositions and Table 2 presents the individual 
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deposition conditions, the thickness (hc) of the thin films and their reduced Young’s 
modulus (E*). The values of E* were calculated based on nanoindentation data and 
these values allow the calculation of the elastic modulus of the thin film, through 
Equation 3. 
 
                     Table 1. Constant parameters of deposition of the TiN and TiC coatings. 

Parameter Condition 

Temperature 350 °C 
Polarization voltage 0 V 

RF generator power apllied about the magnetron catode 500 W 
Initial pressure of Ar 3 mTorr 

Base pressure 2.10-6 Torr 

 
Table 2. Conditions of deposition of the TiN and TiC coatings. 
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Ec, νc, Ei and νi are the Young’s modulus and the coefficient of Poisson of the coating 
and indenter, respectively. 
 
Table 3 presents the hardness (H) values of the materials used in this work 
(substrate, thin films, ball(2,5,6,65) and abrasive particles(2,5,6,69)). The values for the thin 
films were also calculated based on nanoindentation data. 
 
Table 3. Hardness of the materials used in this work. 

 Material Hardness - H [GPa (HV)] 

Substrate AISI D2 tool steel 7.3 (744) 

TiN 25.6  
Thin film (1) 

TiC 14.3  

Ball AISI 52100 steel 8.4 (856)(2,5,6,65) 

Abrasive particles SiC 18.5 - 19 (1886 - 1937)(2,5,6,69) 
 
(1) The thin film hardness was measured with a Berkovich indenter. 

 
The abrasive used was black silicon carbide (SiC) with average particle size of 
5 µm.(2,5,6,69) Figure 5(69) presents a micrograph of abrasive particles (Figure 5a) and 
particle size distribution (Figure 5b). The abrasive slurry was prepared as a mixture of 
25% of SiC and 75% of distilled water, in volume. This mixture results in 1.045 g of 
SiC per cm3 of distilled water.(1,2,5,6,65) 

(a) 
 

(b) 



Figure 5. SiC abrasive:(69) (a) scanning electron micrograph; (b) particle size distribution. 
 
2.3 Micro-abrasive Wear Tests 
 
Table 4 shows the test conditions selected for the experiments conducted in this 
work. 
 
Table 4. Test conditions selected for the wear experiments. 

Test condition ⇒ 1 2 3 4 5 6 

Normal force - N1 [N] 1.25 1.25 1.25 1.25 1.25 1.25 
Normal force - N2 [N] 5 5 5 5 5 5 

Sliding distance - S [m] 10 16 25 40 63 100 

Ball rotational speed - n [rpm] 37.6 37.6 37.6 37.6 37.6 37.6 

Tangential sliding velocity - v [m/s] 0.05 0.05 0.05 0.05 0.05 0.05 

200 s 320 s 500 s 800 s 1,260 s 2,000 s 
Test time - t 

(3 min 20 s) (5 min 20 s) (8 min 20 s) (13 min 20 s) (21 min) (33 min 20 s) 

Number of repetitions 3 3 3 3 3 3 

 
Two values of normal force were defined for the wear experiments: N1 = 1.25 N and 
N2 = 5 N. 
The ball rotational speed was n = 37.6 rpm, which was previously selected by 
Trezona, Allsopp and Hutchings(12) and Adachi and Hutchings.(13,14) For n = 37.6 rpm 
and D = 25.4 mm (R = 12.7 mm), the tangential sliding velocity at the external 
diameter of the ball is equal to v = 0.05 m/s, which probably reduces or eliminates the 
occurrence of hidrodynamic effects during the tests.(14) 
Tests were run for six different sliding distances (S), S1 = 10 m, S2 = 16 m, S3 = 25 m, 
S4 = 40 m, S5 = 63 m and S6 = 100 m. These values were based on the Renard’s 
Series - R20/4(70). The correspondent test times were, respectively, t1 = 200 s (3 min 
20 s), t2 = 320 s (5 min 20 s), t3 = 500 s (8 min 20 s), t4 = 800 s (13 min 20 s), 
t5 = 1,260 s (21 min) and t6 = 2,000 s (33 min 20 s), as presented in Table 4. 
The Linear Ruler presented in Figure 4 allowed constant monitoring of the crater 
depth (h), and thus the calculation of the wear volume, without the need to stop the 
test for crater dimension measuring. Three repetitions were conducted for each value 
of N, totalizing 12 experiments. 
The abrasive slurry was continuously agitated and was manually fed to the 
specimen-ball contact, with the help of a dropper, at a rate of one drop every 20 s. 
This frequence is equal to that selected by Kusano and Hutchings.(63) 
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2.4 Data Acquisition and Result Analysis 
 
The calculation of individual values for the wear volumes of the coating and the 
substrate was conducted based on the following procedure. 
First, for each test time presented in Table 4, the respective crater depth (h) was 
measured (with the Linear Ruler), and from Equation 4,(12) the total wear volume (V) 
(coating and substrate) could be calculated: 
 

2
RhV π≅   for Rh <<     (4) 

 
The wear volume of the substrate (Vs) and the wear volume of the coating (Vc) were 
calculated from Equations 5 and 6, respectively. 
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The total wear coefficient (kt), the wear coefficient of the substrate (ks) and the wear 
coefficient of the coating (kc) were calculated from Equations 7, 8 and 9, respectively. 
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Values of normal load (N) and tangencial force (T) were registered during all the 
tests, once every t = 40 s. Then, the friction coefficient1 was determined using 
Equation 10. 
 

N

T
=µ        (10) 

 
For each specimen (“AISI D2 tool steel coated with TiN” and “AISI D2 tool steel 
coated with TiC”), the three curves of friction coefficient as a function of the test time 

))(( tf=µ  obtained under N1 = 1.25 N were compared with the three curves of 
)(tf=µ  obtained under N2 = 5 N through ANOVA (Analysis of Variance(71-73)), with a 

significance level (α) of 10%. 
Later, the six )(tf=µ  curves produced on the “AISI D2 tool steel + TiN” were 
compared with the six )(tf=µ  curves produced on the “AISI D2 tool steel + TiC”, 
also through ANOVA and α = 10%. 

                                                
1 The term “friction coefficient” was adopted in this work, since it is the most usual designation of the 
ratio between tangential and normal forces. 



3 RESULTS AND DISCUSSION 
 
3.1 Abrasive Wear Modes 
 
Optical microscopy analysis of the wear craters obtained in this work indicated that, 
in all cases, the abrasive wear mode was grooving abrasion. Figures 6a and 6b 
present SEM images of the centre of the wear craters produced on the AISI D2 tool 
steel specimen coated with TiN, under N1 = 1.25 N and N2 = 5 N, respectively. 
Figures 6c and 6d present images of the centre of the wear craters generated on the 
substrate coated with TiC, for N1 = 1.25 N and N2 = 5 N, respectively. In all the cases, 
the tests were perforating, i.e. the final crater depth was larger than the film thickness. 
 

 

Figure 6. Occurrence of grooving abrasion. (a) and (b): AISI D2 tool steel coated with TiN, normal 
force of 1.25 N and 5 N, respectively; (c) and (d): AISI D2 tool steel coated with TiC, normal force of 
1.25 N and 5 N, respectively. Sliding distance of 100 m. 
 
3.2 Friction Coefficient Behavior 
 
Figure 7 presents the behavior of the friction coefficient (µ) as a function of the test 
time, for both AISI D2 tool steel specimens coated with TiN and TiC. In this figure, 
trend lines were drawn to approximately indicate the borders of the region with the 
experimental friction coefficient values. Two quantities, µhigher and µlower, were defined 
as the value of the upper and lower trend lines, respectively, for t6 = 2,000 s; this 
procedure was equally conducted by Cozza, Tanaka e Souza.(65) 
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Figure 7. Friction coefficient as a function of the test time. AISI D2 tool steel coated with (a) TiN and 
(b) TiC. 
 
For both “AISI D2 tool steel + TiN” and “AISI D2 tool steel + TiC” and for both both 
N1 = 1.25 N and N2 = 5 N, the friction coefficient range remained from µ = 0.4 to 
µ = 0.9. With the AISI D2 tool steel coated with TiN, it was observed a ratio between 
the higher friction coefficient and the lower friction coefficient of µhigher/µlower ≅ 1.8, and 
with the AISI D2 coated with TiC, the value was µhigher/µlower ≅ 2. 
Through ANOVA, it was observed that: 

(i) “AISI D2 + TiN”: for both N1 = 1.25 N and N2 = 5 N, the friction coefficient 
values obtained are statistically different. Figure 7a indicates that the friction 
coefficient values were slightly larger for N2 = 5 N. 

(ii) “AISI D2 + TiC”: for both N1 = 1.25 N and N2 = 5 N, the friction coefficient 
values obtained are statistically different. Figure 7b indicates that the friction 
coefficient values were slightly larger for N2 = 5 N. 

(iii) Comparison between “AISI D2 + TiN” and “AISI D2 + TiC”: for both N1 = 1.25 N 
and N2 = 5 N, the friction coefficient values obtained are statistically different. 

 
3.3 Relationship Between Hardness and Friction Coefficient 
 
The hardness of a material affects the occurrence of rolling abrasion and/or grooving 
abrasion, as described in the wear map of Adachi and Hutchings.(13;14) Besides, the 
abrasive wear mode might have an important role on the friction coefficient values. 
Kusano and Hutchings(63), conducting ball-cratering abrasive wear tests in a test 
apparatus with “free-ball” configuration, obtained values of friction coefficient of 
approximately µ = 0.2, under conditions of rolling abrasion. On the other hand, 
Cozza, Tanaka e Souza(65) observed higher values, from µ = 0.2 to µ = 1.2, in a test 
device with “fixed-ball” configuration and under conditions of grooving abrasion. 
The range of friction coefficient values obtained in this work (from µ = 0.4 to µ = 0.9) 
is included in the range obtained in the previous work of Cozza, Tanaka e Souza(65)  
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(from µ = 0.2 to µ = 1.2) and it may be related with the occurrence of grooving 
abrasion. 
In terms of the specimens analyzed in this work, the substrate (AISI D2 tool steel) 
was the same for both TiN and TiC coated specimens and then it is probably correct 
to say that its hardness had the same influence on the occurrence of the abrasive 
wear mode (grooving abrasion in all experiments) and on the friction coefficient 
behavior. In fact, although the curves )(tf=µ  are statistically different, the average 
values are similar (“AISI D2 tool steel + TiN”: 0.6 and 0.65, to 1.25 N and 5 N, 
respectively; “AISI D2 tool steel + TiC”: 0.67 and 0.74, to 1.25 N and 5 N, 
respectively). Thus, in this work, the hardness of the coatings did not have a 
significant influence on the friction coefficient values as a function of the test time. 
 
3.4 Wear Coefficient Behavior 
 
Figure 8 presents the behavior of the wear coefficient as a function of the test time, 
for the “AISI D2 tool steel coated with TiN” and “AISI D2 tool steel coated with TiC”. 
This figure shows the total wear coefficient (kt) (substrate + coating), the wear 
coefficient of the substrate (ks) and the wear coefficient of the coating (kc). 
 

 
 

Figure 8. Wear coefficient as a function of the test time. (a) N1 = 1.25 N - TiN and TiC coatings; 
(b) N2 = 5 N - TiN and TiC coatings. 
 
For both “AISI D2 tool steel + TiN” and “AISI D2 tool steel + TiC”, the application of 
the normal force N2 = 5 N resulted in higher values of kt, ks and kc than with 
N1 = 1.25 N, what is a result with qualitative agreement with the literature(15;74); higher 
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normal forces favor higher wear coefficients and lower normal forces favor lower 
wear coefficients. 
Analyzing Figures 8a and 8b, it is possible to note that, for both TiN and TiC 
coatings, the wear coefficients of the coatings (kc - TiC and kc - TiN) are similar for 
the two values of normal force. This similarity is related to a similarity in film thickness 
(2.0 µm and 2.3 µm, TiN and TiC, respectively), which provides similar wear 
volumes. Nevertheless, it is important to notice that, from approximately 400 s, the 
wear coefficient kc of the coating with the lowest hardness (TiC) was consistently 
higher than that with the highest hardness (TiN). 
Each specimen presented a distinct behavior in terms of the wear coefficient (kt and 
ks) as a function of the test time. For the “AISI D2 tool steel + TiN”, the total wear 
coefficient and the wear coefficient of the substrate decreased as a function of the 
test time, while the kt and ks values for the “AISI D2 tool steel + TiC” presented a 
maximum point at about t4 = 800 s. In micro-abrasive wear tests it is usually 
recommended to conduct a comparison between two tested materials only after the 
steady state of wear is achieved, i.e. after the point where no significant variation in 
wear coefficient is observed as a function of time. This idea opposes a direct 
comparison between the values of ks and kt in Figure 8, since the steady state of 
wear was not achieved in some cases, especially with the TiC-coated specimen. On 
the other hand, some work must be dedicated to the understanding of why two 
coated specimens with the same substrate material presented such difference in 
behavior. 
 
4 CONCLUSIONS 
 
The results obtained in this work have indicated that: 

(1) The hardness of the coatings did not have a significant influence on the 
friction coefficient values; they remained in the same range, from µ = 0.4 to 
µ = 0.9, and with average values between 0.6 and 0.74. Besides, for both 
“AISI D2 tool steel + TiN” and “AISI D2 tool steel + TiC” the friction coefficient 
curves presented, practically, the same behavior, independent of the 
hardness of the coatings. 

(2) The TiN-coated specimen (higher hardness) presented lower wear coefficient 
values (kt, ks and kc) than the TiC-coated specimen. In terms of the wear 
coefficient of the coating kc, the difference may be associated either with the 
higher thickness or to the lower hardness of the TiC coating. No conclusion 
can be drawn with respect to the ks values, since the steady state of wear 
was not achieved in some cases, especially with the TiC-coated specimen. 
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