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SYNTHESE :

Nous étudions le comportement en rayure et en usure, de sept traitements de
surface appliqués à un substrat en 304 L. Les revêtements choisis sont élaborés par des
procédés différents : pulvérisation cathodique, nitruration ionique, projection
hypersonique et dépôt électrochimique. Les résultats en test de rayure à charge
croissante montrent que la fissuration fragile à l'arrière de l'indenteur est le principal
mode de dégradation, mais les charges de fissuration ne nous permettent pas de
départager de façon précise les revêtements. Pour ce faire, nous avons adopté un
nouveau critère de fragilité : la densité de fissures en fond de trace en rayure à charge
constante. La corrélation avec les essais GIBUS, machine d'usure par
impact-glissement, est relativement bonne. Ce résultat met en évidence l'importance de
la fragilité du revêtement dans sa résistance à l'usure par impact-glissement et la
nécessité d'adopter des critères de fragilité plus précis.



EXECUTIVE SUMMARY :

We have studied the scratch and wear behaviour of seven different surface
treatments on a AISI 304L stainless steel substrate. These surface treatments have been
elaborated by different processes : physical vapour deposition, ion nitriding,
hypersonic projection and electrochemical deposition. The conventional scratch testing
results show that the main surface damage feature is brittle cracking at the trailing edge
of the indenter, but the cracking loads are broadly the same for all coatings considered
here. So, we have carried out constant load scratch testing and analysed the crack
density inside of the track. The correlation between the crack density and the wear
resistance, as measured in the GIBUS test, is satisfactory. This result shows the
importance of the coating brittleness in the sliding-impact wear process. It is also
necessary to adopt more precise and representative criterion for coating brittleness
quantification.
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In this paper, we have studied by scratch and wear testing, different coated and surface
treated AISI 304L stainless steel samples. The characteristics of the samples are reported in table I.

Table I : Characteristics of the tested samples

Coating
TiN

Cr+C

Mo+C
Ni tri.

Cr3C2

Cr23C6

Cr

Process
P.V.D.

Magnetron P.V.D.

Magnetron P.V.D.
Ion Nitriding

Hypersonic projection, D. Gun

Hypersonic projection, Jet Kote

Electrolytic, Direct current

tfcun)
2.5

15

10
16

28

20

38

HVo.OK
2250

2500

2150
1000

88(XD
142(XD
1250

Ra0*m)
0.75

0.6
0.5
0.9
2.6
3.7
0.65

Observations
TiN + Ti droplets

1 weight % of C

1 weight % of C
-

5 % porosity

15 % porosity

Pre-existing cracks.
(l)Hard chromium carbide particules in a Ni80Cr20 binder (Cr3C2 : HV0 2 = 820, Cr23C6 : HV0 2 = 540).

1 - SCRATCH TESTING

The AISI 304L flat samples are studied in conventional scratch testing on the C.S.E.M.
Revetest with the conditions suggested by Steinmann and a). [I]. The damages which may be
observed after such a test have been already reported by several authors [2,3] : these are brittle
cracking at the trailing edge of the slider, cohesive or adhesive spalling, conformai cracking at the
leading edge of the indenter and perforation. The corresponding experimental data determined by
optical observation are compiled in table II. A first classification of the surface treatments
brittleness based on brittle cracking loads can be established as follow :

a - Brittle coatings : Cr+C, Mo+C and ion nitriding. The brittle cracking loads are low
and we also observe an adhesive spalling for the Cr+C. It has to be noted that these
brittle coatings are dense, hard and relatively thick (t > 10/im). The electrolytic
chromium should be considered as a special case of brittle coating : the cracks appear
during the elaboration process and the scratch operation causes them to propagate up
and downward to the surface and the interface.

b - Quasi-brittle coatings : Cr3C2 and Cr23C6, with high brittle cracking and spalling
loads. The coatings accomodate the displacement imposed by the indenter by a plastic
deformation of the binder or by micro-fracture of the embedded carbide partricules.
The porosities and the heteregoneities induced by the coating processes seem to prevent
from excessive extent of cracks.

c - Quasi-ductile coating : TiN. We do not observe any brittle damage. Conformai
cracking appears ahead of the indenter leading edge, resulting from large frontal
pile-up of the substrate by plastic deformation.
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Table II : Elementary damage loads (N) in conventional scratch testing. N.O. : Not Observed

COATINGS
Brittle cracking
Stalling
Conformai cracking
Perforation

TiN

N.O.
N.O.
30-40
60-65

Cr+C

5-10
45 (Adh.)

N.O.
60-65

Mo+C

5-10
N.O.
N.O.
95

Nitrid.

10
N.O.
N.O.
N.O.

Cr3C2

25-30
45 (Coh.)

N.O.
>200

Cr23C6

20-30
60 (Coh.)

N.O.
160

Cr

13-15
N.O.
N.O.
>200

The damage features in scratch testing are very sensitive to the macroscopic structure which,
in turn, mainly depends on the elaboration process. However, for each class of our classification the
differences are sligth. So, in order to obtain more statistically representative results, we have
decided to carry out scratch testing at 10, 20 and 40 N constant loads and to count the crack density
inside each track. The results are represented in figure 1. The cracks are measured in reflected ligth
optical micrography with a 500 magnification.
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Figure 1 : Crack density variation versus normal load in constant load scratch testing.
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As we can see, both P.V.D. coatings (Cr+C, Mo+C) exhibit a high crack density regardless
of the load. On the other hand, the TiN coating confirms his relative ductility and shows a low
crack density. This relative ductility of very thin TiN coating (t < 3 p.m) can be related to a size
effect in brittle-ductile transition in abrasion and scratching [4,5].

The ion nitriding and the electrolytic chromium classified among brittle surface treatments or
coatings, according to the conventional scratch testing results, appear to be as ductile as the Cr23C6

coating if we consider the crack density criterion (at least for loads higher dian 20 N).
The crack density of the plasma sprayed Cr3C2 coating is quite high at 20 N but decreases at

40 N. We observe with this decrease an increase of the crack size. It would be useful to extend this
analysis by a measure of the crack length distribution with method such as optical image analysis.

2 - WEAR TESTING

The sliding-impact wear tests are conducted in water at room temperature during 48 hours. In
this test, a 304L coated rod (10 mm diameter) hits and slides against a slightly rounded 304L flat at
a 30 Hz frequency. The normal impacting load is equal to 4ON, which is equivalent to a mean
contact pressure of approximately 25 MPa. Figure 2 summarizes the volume loss during the tests.
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If we consider the volume loss of the coated rod, we can see a négligeable wear of the TiN,
Cr23C6 and ion nitriding treatment. In fact, these are the samples presenting the lower crack density
whatever the applied load in scratch testing (fig. 1). The highest volume loss is found for the
Mo+C and the electrolytic chromium. For the Mo+C, the poor wear resistance can be explained
by an excessive brittle cracking under the impacts, which transforms the contact into a 304L / 304L
type contact. The preexisting cracks of the electrolytic chromium probably influence the detachment
of wear debris. The two remaining coatings (Cr+C and Cr3C2) show an intermediate behaviour in
wear testing as well as in constant load scratch testing.
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Figure 2 : Normalised wear volume of the coated rods (a) and the 304L antagonists.

The 304L antagonist is essentially worn out by impacts and fatigue cracks propagation
underneath the surface and by abrasion in the sliding zone. So, in a first approximation the wear
volume should depend on the coating hardness This point is particulary true for the TiN, Cr+C and
Cr3C2 coatings but not for the Cr23C6. In this latter case, the coatings which contains hard carbide
particules (up to 2500 kg/mm2) accomodates the impacts by plastic flow of asperities - probably
during the running-in period - and by an increase of the real contact area. This is not the case for
the other sprayed coating (Cr3C2).

3 - CONCLUSION

We have shown that the crack density in constant load scratch testing is a more adequate
parameter than the cracking load for the comprehension of our wear testing results. The only
knowledge of the cracking or spalling loads in most cases is not enough for a realistic qualification
of the brittleness. For the surface treatments considered here, the correlation between the crack
density in constant load scratch testing and the wear volume is satisfactory enough. It means that a
high crack density probably induced a high wear debris detachment. This is why this parameter can
be related more precisely than the cracking loads to the wear resistance of ceramic coatings.
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