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Fatigue Cracks in HVOF Thermally
Sprayed WC-Co Coatings
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Initiation and early growth of fatigue cracks of a medium carbon steel with HVOF thermally sprayed
WC-Co coatings prepared from two types of commerciallavailable powders with similar total chemical
composition were investigated under rotating bending conditions.

The morphology of the fatigue crack is divided into two type—linear cracks and net-like cracks—depending
on the types of powders and the thickness of the coatings. The fatigue cracks in thinner coatings were closer to
each other than those for the thick coatings.
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strength, HVOF, WC-Co coating with the balance being iron. Figure 1 indicates the dimen-
sions of the rod specimen. All specimens were annealed for
] 0.5 h in a vacuum of § 104 Pa at 1123 K. The surfaces of
1. Introduction specimens (shaded region in Fig. 1) were subjected to grit
blasting with ApO3 grit at a pressure of 0.5 MPa. Two types
HVOF thermally sprayed WC-Co coatings with excellent of commercially available WC-12wt%Co powders, each
wear-resistance properties have been widely used in aerospacemanufactured by a different process, were considered for
oil, and paper industries. The fatigue properties of these coatingsy\yoF spraying. These powder types and manufacturing
are important in their practical application. However, there are processes were type A, cast and crushed; and type B, agglom-
few papers published on this subject (Ref 1-10). In particular, orated and sintered.
there is little information with respect to fatigue cracks in ther- ¢ spray parameters are indicated in Table 1. As-sprayed
mally sprayed WC-Co coatings. , coatings were 7% 10 um and 125 10 um in thickness, and
The mechanism of initiation and early growth of fatigue {phep they were ground with a diamond wheel ta:50 pm

cracks in a HVOF thermally sprayed WC-12wt%Co coating 5n4 100+ 10 um, respectively. The coated specimens were

was studied. Attention is given to the adhesion of depositedsubjected to fatigue tests on a rotating bending machine at a

particles and the nature of the interface between the coating anﬁirequency of 36 Hz. Some of the specimens were polished

the substrate and to the morphology of the crack path in the, it diamond paste to[1lm before the fatigue test to specifi-
coatings.

cally examine crack behavior. The stress amplitudes were
calculated using the substrate specimen diameter. Examina-

2 Experimental Procedures tion of the fatigued specimen surfaces was performed by op-
’ tical microscopy and scanning electron microscopy (SEM).

The material used as a substrate was a medium carbon ste

having a chemical composition (wt%) of 0.43%C, 0.21%Si, qjablel Thermal spraying parameters

Spraying apparatus HVOF (DJ)
) Fuel pressure (Elg) 0.7 MPa
S. WatanabeandJ. Amano, Matue National College of Technology,  oxygen pressure (p 1.0 MPa
14-4, Nishiikuma-cho, Matue-shi, Shimane 690, Japamgjiri and Powder feed gas pressurg(N 0.9 MPa
N. Sakoda,Kurashiki Boring Kiko Co., Ltd., 4-20, Matue 2 chome,  spraying distance 185 mm
Kurashiki-shi, Okayama 712, Japan.
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Fig. 1 Size and dimensions of rod specimens. All dimensions recorded in millimeters.
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3. Results and Discussion the type A coated specimens, the fatigue limit of the specimens
with a 50um coating are higher than that of the specimens with
Figure 2 shows the S-N diagrams of the coated specimensa 100um coating. For the type B coated specimens, the fatigue
The fatigue limits of the coated specimens and the grit blastedlimit of the specimens with a §0m coating is approximately
ones show clearly higher values compared to the annealed speciqual to that of the specimens with a @@ coating, but at the
mens. Also, the fatigue limits of the coated specimens are almoshigher stress level the fatigue life of the former is greater. It can
the same as or higher than that of the grit blasted specimens. Fdse noted that the effect of coating thickness on fatigue limit is af-
fected by coating thickness for type A powder coated specimen,

500 S b_ut t_h_e influence for the type B powder coated specimen is less
O Type A coated ( 50 xm thickness) S|gn|_f|cant. . . .
e Type A coated (100 xm thickness) Figure 3 showg a typical example of the faygue cracks in
O Type B coated ( 50 xm thickness) ] each coated specimen. The type A coated specimen witm50
o m Type B coated (100 m thickness) coating was tested at a stress of 350 MPa, and the.others were
Q. tested at a stress of 320 MPa. The morphology of fatigue cracks
E_ 400 T in the type A coating is different from that in the type B coating.
8 The type A coating produces linear cracks, and the type B coat-
2 ing produces net-like cracks. Also, for both coatings the number
= of cracks in the thinner coating layer are more than that in the
% : thicker coating layer.
@ 300f . Grit-blasted ' Figure 4 is an SEM photograph of the surface of type A
o coated specimens. Figure 4(a) shows deformation on the speci-
) [ men surface with a 50m thick coating which is at right angles
Annealed to the loading axis with no crack formation. Aftex 20° cycles,
such features were not found on the surface. Therefore, this fea-
200 NPT RS RSy ture indicates the deformation by internal fatigue crack propaga-
io0* 10° 106 107 tion. Such deformation was not found on the surfaces of the
Number of cycles to failure, Nf other coated specimens tested at a stress of 320 MPa. This fact
indicates that the specimen has good cohesion between particles
Fig. 2 S-N diagram of thermally sprayed specimens and good adhesion at the interface between the coating and the
(a) (b)
'\-‘ E— .
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Fig. 3 Typical examples of fatigue cracks in coatings. (a) Type A coatgeh{Z@ick coating)g = 350 MPaN = 2 x 10°. (b) Type A coated (100m
thick coating)o = 320 MPaN = 1¢. (c) Type B coated (50m thick coating)g = 320 MPaN = 100, (d) Type B coated (1Q0m thick coating)g = 320
MPa,N=1
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substrate. Figure 4(b) shows the fatigue cracks on the surface othe crack tips are sharp. Also, the fatigue crack propagated
a specimen with a 1g0m coating. The cracks are narrow, and around the specimen perimeter at an early stage. These observa-

Loading direction

Fig. 4 SE(I\;I1 photographs of fatigue cracks in the type A coatings. (ayBfick coatingg = 350 MPaN = 2 x 104 (b) 100um thick coatingg = 320
MPa,N = 1

Lnadqu direction

Fig. 5 SEM photographs of fatigue cracks in the type B coatings. (pjrbthick coatingo = 320 MPaN = 10 (b) 100um thick coatingg = 320
MPa,N=7x1
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tions indicate that the specimen exhibited good cohesion be-References

tween particles, but poor adhesion of the interface between the
coating and the substrate relative to the specimen wifinb0
coating. Such difference in the adhesion of the interface be-
tween the coating and the substrate for these two specimens in-
fluences the number of the fatigue cracks in coatings.

The type B coated specimens exhibited fatigue cracks as
shown in Fig. 5 for both the 50m and the 10Qum thick coat-
ings. Figure 5(a) shows an example of fatigue cracks originating
at the triple points of deposited particles. Figure 5(b) indicates 3.
fatigue cracks originating at the boundary of unmelted particles.
The existence of such unmelted particles in the coating will offer
poor adhesion and promote crack initiation under a stress field.
These cracks are responsible for the net-like cracks when they4.
join during fatigue initiation, Fig. 3(c) and (d). Therefore, the
type B coated specimens have poor cohesion between particles
and poor adhesion at the interface between the coating and the
substrate. As a result, the effect of coating thickness on the fa-
tigue strength is less prominent, although the effect of coating 5
thickness on the number of fatigue cracks appears to be a sensi-
tive parameter. This phenomenon is the same for type A coated
specimens. Therefore, itis considered that the adhesion strength
for type B coated specimens will also decrease with increasing
coating thickness. In this case, when a load is applied to a coated
specimen, a crack is at first initiated at the interface between the
coating and the substrate, resulting in the suppression of other
cracks in the coating because of stress relief. Hence, it is con- 7.
cluded that the difference in the number of fatigue cracks be-
tween the thinner and thicker coating reflects a bonding state at
the interface between the coating and the substrate.

1.

4. Conclusions

The morphology of fatigue cracks in coatings is dominated 9.
by the bonding state at the interface of deposited particles and at
the interface between the coating and the substrate. This hasg
been shown in practice to be an efficient way to evaluate thermal
sprayed coatings.
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