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Corrosion Fatigue Behavior of a Steel with 
Sprayed Coatings 

K. Tokaji, T. Ogawa, J.U. Hwang, Y. Kobayashi, and Y. Harada 

This paper describes the corrosion fatigue behavior and fracture mechanisms of a steel with different 
sprayed coatings. Rotating bending fatigue tests were conducted in 3 % NaCI solution using specimens of 
a medium carbon steel with sprayed coatings of a ceramic (Cr203), a cermet (WC-12 % Co) and two met- 
als (Ni-ll % P and AI-2 % Zn). The corrosion fatigue process was basically the same for ceramic, cermet, 
and Ni-l l  % P sprayed specimens. That is, the corrosive media could be supplied from the specimen sur- 
face to the substrate through cracks initiated during fatigue cycling and/or pores in the coatings, and thus 
corrosion pits were generated followed by subsequent crack initiation and growth in the substrate. 

The corrosion fatigue strength of ceramic sprayed specimens was slightly improved compared to that of 
the substrate steel because the under-coating (Ni-5 %AI) could impede the penetration of the corrosive 
media although the ceramic coating had a poor resistance to cracking under  cyclic loading. Cermet 
sprayed specimens also exhibited improved corrosion fatigue strength because of the high resistance to 
cracking and the low volume fraction of pores of the coating. In Ni- l l  % P sprayed specimens, cracks were 
initiated in the coating even at low stress levels; thus the corrosion fatigue strength was the same as that 
of the substrate. Anodic dissolution took place in AI-2 % Zn coating because the coating was electrochemi- 
cally poor, and thus the substrate was cathodically protected. Therefore, the corrosion fatigue strength of 
AI-2 % Zn sprayed specimens was enhanced to as high as the fatigue strength of the substrate in room air. 

Based on the experimental results, a dual-layer coating consisting of WC-12 % Co and AI-2 % Zn was fa- 
tigue tested. The coating was effective at low stress levels and exhibited long life under conditions where 
corrosion fatigue strength was critical, 

IKeywords metal coating, NaCI solution, sprayed steel 

ceramic coating, cermet coating, corrosion fatigue, 
dual-layer coating, fatigue strength, fracture mechanism, 

1. Introduction 

HARD COATINGS can enhance the resistance of metal alloys to 
wear, oxidation, thermal exposure, and corrosion. Of several 
surface coating techniques, thermal spraying has many advan- 
tages, such as applicability to materials of any shape and dimen- 
sion, easy operation, and suitability for on-site application. 
Therefore, sprayed coatings of  ceramics, cermets, metals, and 
plastics have been applied to various engineering fields, such as 
automobile, steelmaking, and energy industries. In such appli- 
cations, sprayed components are often subjected to service con- 
ditions where fatigue strength is critical. However, the role of 
sprayed coatings on fatigue properties and the fracture mecha- 
nisms, in particular in corrosive environments, have not been 
studied in detail (Ref 1-4). 

To investigate the corrosion fatigue behavior of a steel (me- 
dium carbon steel, $45C) with different sprayed coatings, rotat- 
ing bending fatigue tests were conducted in a 3% NaCI solution. 
Four sprayed coatings with different mechanical and electro- 
chemical properties were chosen: ceramic, cermet (WC- 
12%Co), Ni-ll%P, and AI-2%Zn. The corrosion fatigue 
strength of  sprayed steel was evaluated, and the fracture mecha- 
nisms are presented on the basis of detailed observation of crack 
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initiation and growth on the longitudinal sections of  the speci- 
mens. Based on the experimental results of each sprayed steel, a 
dual-layer coating was sprayed and fatigue tested. 

2. Experimental Procedures 

2.1 Substrate 

The substrate material is a medium carbon steel ($45C) of 
chemical composition (wt%) 0.45C-0.21Si-75Mn-0.026P- 
0.013S-0.01Cu-0.02Ni-0.13Cr, balance Fe. The material with a 
diameter of  16 mm was heated up to 850 ~ held at this tem- 
perature for 1 h, and then tempered at 600~ for 1 h. Sub- 
sequently, tensile specimens (8 mm diameter, 80 mm gage 
length) and fatigue specimens (8 mm diameter, 10 mm gage 
length) were machined. Electropolished specimens of  the sub- 
strate steel, denoted as EP, were used as a reference for the 
sprayed specimens. 

2.2 Sprayed Coatings 
Ceramic (Cr203), cermet (WC- 12%Co), and two metals (Ni- 

l 1%P and A1-2%Zn), which have different mechanical and elec- 
trochemical properties, were the feedstock. The spray 
parameters for the ceramic coating are listed in Table 1. After be- 
ing blasted with No. 46 white alumina at an air pressure of  0.31 
MPa, Ni-5%A1 and Cr203 were plasma sprayed as the under- 
coating and topcoating, respectively. As shown in Table 2, two 
different sprayed specimens were prepared, which were top- 
coating without the undercoating, denoted as TC, and under- 
coating plus the topcoating, denoted as TUC. For TUC 
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specimens, there are three different conditions of surface finish 
and thickness, t, of topcoating: TUC I, ground surface and t is 
220 + 20 I.tm; TUC II, ground surface and t is 400 + 20 Bm; and 
TUC III, as-sprayed surface and t is 250 + 20 lam. TUCS speci- 
mens, which were subjected to a sealing treatment, were pre- 
pared from the TUC III specimens. Thermal setting polymer 
(DMC Superseal 21, Daiichi Meteco Co., Ltd., Tokyo, Japan) 
was used for the sealing treatment. 

Table 3 represents the spray parameters for cermet and metal 
coatings. Cermet and Ni- I I%P coatings were deposited by a 
high-velocity flame-spraying process after blasting with No. 60 
white alumina at an air pressure of 0.4 MPa. The chemical com- 
positions (wt%) of both powders were 12.0Co-l.0Fe, balance 
WC for cermet and 11.0P, <0.15C, balance Ni for the Ni-11%P 
material. A coating of AI-2%Zn was formed with a wire combus- 
tion process after blasting with No. 24 white alumina at an air 
pressure of 0.4 MPa. The chemical composition (wt%) of the 
wire was 0.14Si-0.003 Mn-0.18Fe-1.90Zn with the balance be- 
ing AI. After being sprayed, the specimen surface was mechani- 
cally polished by diamond sheet (approximately No. 3000) for 
cermet sprayed specimens and by emery paper (approximately 
No. 2000) for Ni-11%P and A1-2%Zn sprayed specimens. 

Table 4 gives the Vickers hardness, the volume fraction of 
pores and the adhesive strength of the coatings. The cermet coat- 
ing exhibits a high adhesion strength. The ceramic coating is ex- 
pected to have a high porosity, and the adhesion strength is 50 to 
60 MPa (Ref 5). 

2 .3  Experimental Procedures 

Fatigue tests were conducted using a 98 N �9 m capacity rotat- 
ing bending fatigue testing machine at a loading frequency of 
22.7 Hz, and additional experiments were performed at 2.5 Hz 
for A1-2%Zn sprayed specimens to study the effect of loading 
frequency. The observation of crack initiation and growth be- 
havior was made on the longitudinal sections of the specimens 
using a light microscope and a scanning electron microscope 
(SEM). 

The corrosive environment used is a 3% NaC! solution of 7.2 
pH and a dissolved oxygen content of 7.82 ppm. The solution 
was led from a bath of 10 L capacity to the corrosion chamber 
through a temperature-controlled bath at 30 ~ and was dripped 
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Fig. 1 Polarization curves for metal coatings 

onto the fatigue specimen at a rate of 10 cm3/min. The solution 
was circulated between the bath and the chamber and was re- 
newed every 15 days. 

3. Results 

3.1 Electrochemical Properties o f  Coatings 

Before fatigue testing, the polarization curves were meas- 
ured for Ni-11%P and AI-2%Zn coatings in 3% NaCI solution; 
see Fig. 1. The corrosion potential is higher for the Ni-I l%P 
coating and lower for the AI-2%Zn coating compared to the free 
corrosion potential of the substrate steel, indicating that the for- 
mer is electrochemically noble and the latter is less noble than 
the substrate. 

3.2 Tensile Properties 
The mechanical properties of sprayed specimens obtained 

from tensile tests are listed in Table 5, where the stresses were 
calculated using only the cross section area of the substrate. 

Ceramic sprayed specimens with an as sprayed surface and a 
thickness of 380 + 25 Bm were employed for tensile tests. Re- 
sults indicate that the ceramic coating has no influence on over- 

Table 1 Plasma spray parameters  for ceramic coating 

Parameter Undercoating Topcoating 
Material Ni-5%AI Cr203-5%SiOx-3%TiO2 
Electric power of arc, kW 34 45 
Plasma gas Ar, L/min 40 40 
Plasma gas H 2, L/min 5 9 
Powder size, p_m 45 to - 106 15 to -53 
Distance, nun 130 100 
Rotation of test specimen, rpm 500 500 

Table 2 Specimen codes and preparation schedules for 
ceramic sprayed steel 

Specimen code Preparation schedule 
TC 
TUC 

TUC I 
TUC I] 
TUC HI 
TUCS 

Topcoating without undercoating 
Undercoating plus topcoating 
Ground surface and thickness, t, 0f220 5:20 Ilm 
Ground surface and thickness, t, of 400 5:20 !am 
As-sprayed surface and thickness, t, of 250 5:20 lam 
Sealing pores contained in TUC III specimens 

Table 3 Spray parameters  for cermet and metal  coatings 

Parameter WC-12 % Co Ni-ll % P AI-2 % Zn 
Oxygen gas pressure, MPa 0.49 to -0.64 0.59 0.25 
Fuel gas C2H2, C3H6 C2H2, C3H6 C2H2, C3H6 
Fuel gas pressure, MPa 0.39 to -0.49 0.44 0.11 
Powder or wire size 10 to -45 pm l0 to -45 ~tm 3.2 nun 
Distance, mm 150 200 150 
Coating thickness, lain 120 5:30 220 5:30 120 5:20 
Process Flame sprayed Flame sprayed Wwe fuel 
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all strength. Surface observations revealed that many circumfer- 
ential cracks perpendicular to the specimen axis were initiated at 
the early stage of loading far below the yield strength. For cer- 
met and AI-2%Zn sprayed specimens, the lower yield point, O'y 1, 
did not appear, but Ni-11%P sprayed specimens exhibited dis- 
tinct yielding phenomenon. In cermet sprayed specimens, 
cracks were initiated after reaching the upper yield point, ~yu. 
The number of cracks increased with increasing deformation, 
and the coating peeled from the substrate before reaching the 
tensile strength, GUT S. Therefore, the t~y u value becomes higher 
than that of  the EP specimens because the coating can sustain 
loading, and the t~UT S value is almost the same as that of the EP 
specimens. The N i - I I%P  coating peeled from the substrate 
without any cracking just after reaching t~yu, indicating the low 
adhesive strength of  the coating (see Table 4). Thus, the ~yu 
value is higher than for the EP specimens, and the (Yyl and GUTS 
values are consistent with those of  the EP specimens. The A1- 
2%Zn coating is very soft; thus it has little effect on the mechani- 
cal properties. The t~yuand GUTS values are the same as those of  
the EP specimens. 

Table 4 Characterist ics  o f  cermet  and metal  coat ings  

Vickers Porosity, Adhesive 
Coating hardness, HV % strength, MPa 
WC- 12%Co 1113 <0.5 150 
Ni-I ! %P 488 <0.1 40 to -59 
AI-2%Zn 39 <10 20 to -40 

Table 5 Mechanica l  properties  o f  sprayed spec imens  

3.3 Fatigue Strength 

The S-N diagrams for sprayed steel with different coatings 
are represented in Fig. 2 to 5, where the stress amplitudes, t~s, 
were calculated using the substrate specimen diameter, that is, 
excluding the coating thickness. 

3.3.1 C e r a m i c  S p r a y e d  S p e c i m e n s  

As shown in Fig. 2, the fatigue strengths in room air are al- 
most the same for TC, TUC I, and TUC II; thus corrosion fatigue 
tests were conducted using TUC III and TUCS specimens. De- 
tails of the fatigue behavior in room air are provided elsewhere 
(Ref 6). The fatigue strengths of  TUC III and TUCS speci- 
mens in 3% NaC1 solution decrease markedly when com- 
pared to those of  TC, TUC I, and TUC II specimens in room 
air. They were slightly higher than that of  EP specimens,  indi- 
cating that the ceramic coating marginally improves the cor- 
rosion fatigue strength. Figure 2 also shows that the corrosion 
fatigue strength of  TUCS specimens is almost  identical to 
that of  TUC III specimens in the region of  fatigue life, Nf, of  
less than 107 cycles; thus the sealing treatment seems to be in- 
effective in that region. 

3.3.2 C e r m e t  S p r a y e d  S p e c i m e n s  

As shown in Fig. 3, the fatigue strength of  cermet sprayed 
specimens in room air is significantly higher than that of  EP 
specimens. The coating that has a high adhesive strength can en- 

Upper Lower Tensile 
yield point yield point strength 

Coating (~yu), MPa (Oyl), MPa (oUTS), MPa 
EP 676 666 771 
Cr203 677 671 76 l 
WC- 12%Co 709 ,.. 767 
Ni-I i%P 701 647 754 
AI-2%Zn 669 ... 779 
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Fig. 2 S-N diagram for ceramic (Cr203) sprayed specimens. R is the 
stress ratio. 

tD 
"o 
.r 

o:1 

800 

700 

6O0 

500 

400 Room air 
- O EP 

3 0 0 - -  A WC-12%Co 

2 0 0 - -  3%NaC1 sol. 
-- �9 EP 

100 "- �9 WC-12%Co 
Z 

- I J Jl . .I  J J l l . . l  
0103 104 105 

Rotating bending (R=- I )  
22.7Hz 

I~XA A 

~ %o 

�9 A 

i i itiiii[ J i tlfJl~ 
10 6 10 7 

I I l l l l l l  

108 
Number of cycles to failure Nf 

Fig. 3 S-N diagram for cermet (WC-12%Co) sprayed specimens. R 
is the stress ratio. 

Journal of Thermal Spray Technology Volume 5(3) September 1996--271 



hance the crack initiation resistance of  the substrate steel. On the 
other hand, the corrosion fatigue strength decreases, especially 

under high cycle regimes. However, when compared to EP 
specimens, the corrosion fatigue strength is clearly improved. 
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7 Fig. 6 Micrographs showing longitudinal sections of (a) TUC Ill and (b) TUCS specimens that were unbroken at N of 10 cycles in 3% NaCI solution 
at (~s of 100 MPa 
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3.3.3 Ni-ll  % P Sprayed Specimens 

The fatigue strengths of  N i - l l % P  sprayed specimens in 
room air and in 3% NaC1 solution are the same as those of the EP 
specimens (see Fig. 4), indicating that the coating has no influ- 
ence on fatigue strength in both environments. Cracks were ob- 
served in the coating of a specimen unbroken at fatigue life, N, 
of 107 cycles in room air, but they did not grow into the substrate 
because of  coating delamination at the interface, In 3% NaCI so- 
lution, no appreciable corrosion was evident on the coating, but 
some rust exuded from cracks in the coating. This indicates that 
a corrosion reaction has occurred at the interface between the 
coating and the substrate. 

3.3.4 AI-2 % Zn Sprayed Specimens 

The fatigue strength of AI-2%Zn sprayed specimens under 
ambient conditions is the same as that of EP specimens (see Fig. 
5), showing that the soft coating has no contribution in improv- 
ing fatigue strength. On the other hand, the fatigue strength in 
3% NaCI solution is significantly improved to as high as that of 
the substrate under ambient conditions. Furthermore, the corro- 
sion fatigue strength is not affected by loading frequency. At 2.5 
Hz, however, corrosion dissolution was observed in the coating, 
which was revealed when it partially peeled from the substrate. 

3 ,4  Observation of Fatigue Cracks 

Longitudinal sections are shown in Fig. 6 for TUC III and 
TUCS specimens unbroken at N of  107 cycles at ~s of 100 MPa 
in 3% NaCI solution. The observations were made near the crack 
initiation site in the topcoating. Arrows indicate cracks in the 
substrate. In the TUC III specimen, many cracks are observed in 
the substrate, which are localized near the site where a crack in- 
itiated in the topcoating. Some cracks are seen at locations away 
from the crack in the topcoating. On the other hand, in the TUCS 
specimen, no crack was observed in the substrate. Although 
there was no significant difference in fatigue lives between TUC 
III and TUCS specimens, as shown in Fig. 2, this observation 
suggests that a sealing treatment would improve the corrosion 

- -  4 - -  

fatigue strength of sprayed steel in the N of greater than 107 cy- 
cles region. 

Fatigue cycling was interrupted, and the interface between 
the undercoating and the substrate was examined by electron 
probe microanalysis (EPMA); see Fig. 7. Increased intensities 
of  Na and C1 signals are detected at the interface, indicating that 
the solution was supplied to the interface from the specimen sur- 
face. 

The specimen surface of a cermet sprayed specimen was pe- 
riodically observed using a replication technique during fatigue 
cycling. No cracking initiated until just before failure, suggest- 
ing that the coating has an excellent resistance to cracking under 
cyclic loading. The section appearances are shown in Fig. 8 for 
a cermet sprayed specimen tested in 3% NaC1 solution at a Os of  
193 MPa, which was broken at Nfof  1.2 x 107 cycles. The coat- 
ing peeled from the specimen surface over a length of several 
millimeters. Figure 8(a) shows the region where the coating 
completely peeled, and (b) shows the region where it is still at- 
tached to the substrate. As shown in Fig. 8(a), there are many 
cracks, which were initiated from corrosion pits generated at the 
substrate. Cracks are also observed in the substrate at locations 
where the coating is attached, but no cracks exist in the coating, 
see Fig. 8(b). 

Figure 9 shows the section appearances for a N i - l l % P  
sprayed specimen tested in 3% NaC1 solution at a r of  113 MPa, 
which was broken at Nf of  3.4 x 106 cycles. As shown, a crack 
exists in the coating. The crack growth changes to the direction 
along the interface; that is, the crack does not grow continuously 

Fig. 7 EPMA analysis for a TUC III specimen showing the intensi- 
ties of Fe. Na, and CI signals, which indicates the penetration of the so- 
lution into the substrate 

Fig. 8 Appearances of the longitudinal section of a broken WC- 
12%Co specimen at ~s of 193 MPa, and Nfof 1.2 x 107 cycles. (a) Re- 
gion where the coating peeled completely. (b) Region where the coat- 
ing is still attached 
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Fig. 10 Appearance of the longitudinal section of an unbroken AI- 
2%Zn specimen at ~s of 374 M Pa and Nf of > 1.0 • 107 cycles 

Fig. 9 Appearances of the longitudinal section of a broken Ni- l 1%P 
specimen at t~ s of 113 MPa and Nf of 3.4 x 106 cycles. (a) Micrograph 
showing cracks initiated in the coating and the substrate. (b) Magnified 
view of (a) 

into the substrate because of  delamination of the interface. The 
corroding solution can be supplied to the substrate through such 
cracks followed by the generation of corrosion pits and crack 
growth in the substrate. 

Figure 10 shows the section appearance for an AI-2%Zn 
sprayed specimen tested in 3% NaCI solution at t~ s of  374 MPa, 
which was 7 unbroken at N of 10 cycles. As shown in Table 4, the 
coating has a porosity of ~ 10%. Thus, the solution can be easily 
supplied to the interface through pores. Since the coating is less 
noble than the substrate (see Fig. 1), anodic dissolution takes 
place in the coating, and the substrate is cathodically protected. 
Therefore, corrosion pits and cracks are not observed in the sub- 
strate. 

4. Discussion 

4.1  Corrosion Fatigue Mechanisms 

Fracture mechanisms are essentially the same for ceramic, 
cermet, and Ni-I  1%P sprayed steels. The corrosion fatigue 
process, which is illustrated schematically in Fig. 11, is consid- 
ered as follows. (1) The corrosive media can be supplied to the 
surface of the substrate through cracks initiated during fatigue 

cycling and/or pores contained in the coating. (2) Corrosion pits 
are generated on the substrate steel, which is electrochemically 
less noble, and subsequently, the adjacent interface delaminates. 
(3) Cracks are initiated from the corrosion pits and grow. (4) The 
specimen fails, and the coating near the fracture surface delami- 
nates. The transportation of  corrosive media is the controlling 
mechanism in the corrosion fatigue of sprayed steels. For those 
sprayed steels, factors influencing the corrosion fatigue strength 
are the resistance to cracking under cyclic loading, the volume 
fraction of pores, and the adhesive strength of the coatings. 

In ceramic sprayed steel, cracks are initiated in the topcoat- 
ing when stress levels are high because it has a poor resistance to 
cracking under cyclic loading. Also, the coating contains many 
pores; thus the solution can be supplied through cracks and/or 
pores. However, the undercoating (Ni-5%Al) impedes penetra- 
tion of the corrosive media leading to a slightly improved corro- 
sion fatigue strength. When the coating is subjected to a sealing 
treatment, the solution is supplied only from cracks in the top- 
coating. Therefore, at lower stress levels, when cracks are not in- 
itiated, the corrosion fatigue strength would be improved by a 
sealing treatment. The cermet coating has a high resistance to 
cracking, high adhesive strength, and low volume fraction of 
pores. Also, cracks were not initiated in the coating until just be- 
fore failure. Therefore, the corrosive media is transported only 
through pores and needs more time to penetrate to the substrate. 
Thus, the corrosion fatigue strength can be improved. On the 
other hand, Ni-1 l%P coating has a poor resistance to cracking 
and low adhesive strength. Cracks are initiated easily in the coat- 
ing at the early stage of fatigue cycling. The corrosive media can 
be supplied through such cracks. As a result, the corrosion fa- 
tigue strength of N i - l l % P  sprayed steel was the same as that of 
the substrate steel. 

Sprayed coatings inevitably contain many pores; thus even 
though no crackings are initiated during fatigue cycling, corro- 
sion of  the substrate steel cannot be avoided. However, to im- 
prove the corrosion fatigue strength of metal-sprayed steels, a 
method in which the coating is used as a sacrifice electrode is 
considered to be very effective as shown by the results of AI- 
2%Zn sprayed steel. As shown in Fig. 5, the corrosion fatigue 
strength was enhanced up to the strength of  the substrate in room 
air. On the other hand, the anodic dissolution of  the coating be- 
gins at the interface and proceeds to the interior of the coating. 
Consequently, the coating is filled up with corrosion products of  
low strength; thus the coating could peel easily. As shown in Fig. 
5, the corrosion fatigue strength at 22.7 Hz was almost the same 
as that at 2.5 Hz in the N region of  less than 107 cycles. However, 
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Fig. 11 Schematic illustrations of corrosion fatigue process (a) Ceramic (Cr203) sprayed steel. (b) Cermet (WC-12%Co) and Ni- 11%P sprayed steels 

Fig. 13 Appearance of the longitudinal section of sprayed specimen 
with dual-layer coating unbroken at N of 107 cycles at Os of 200 MPa 
in 3% NaCI solution 

Fig. 12 S-N diagram for dual-layer coated specimens. R is the stress 
ratio. 

in the longer life regime or at lower loading frequencies, the 
corrosion dissolution of the coating takes place much more 
severely, and thus it peels from the substrate. If the coating 
peels completely, then the effectiveness of the coating would 
be lost. 

ambient conditions indicating improved corrosion fatigue 
strength equivalent to the AI-2%Zn sprayed specimens. How- 
ever, at ~s of 350 MPa, cracks were observed in the coating for 
the specimen unbroken at N of 107 cycles. Cracks were also no- 
ticed at t~ s of 250 MPa, but no cracks were initiated at t~s of 200 
MPa. 

A longitudinal section of a specimen unbroken at N of 107 
cycles at t~ s of 200 MPa, Fig. 13. shows no corrosion or dam- 
age in the coating and the substrate. Therefore, the proposed 
dual-layer coating is effective at lower stress levels or under 
longer life regimes where corrosion fatigue strength is critical. 

4 .2 Dual-Layer Coating 

Based on the experimental results of each sprayed steel, a 
dual-layer coating consisting of WC- 12%Co and AI-2%Zn was 
considered, and sprayed specimens with the dual-layer coating 
were fatigue tested where WC- 12%Co with the thickness of 165 
+ 15 lam was used as topcoating and AI-2%Zn with the thickness 
of 115 + 30 p,m was employed as an undercoating. The S-N dia- 
gram is shown in Fig. 12. The fatigue strength in 3% NaCl solu- 
tion is almost the same as that of the EP specimens under 

5. Conclusions 

In the present study, rotating bending fatigue tests were con- 
ducted in 3% NaCi solution using specimens of a medium car- 
bon steel ($45C) with sprayed coatings of a ceramic (Cr203), a 
cermet (WC- 12%Co), and two metals (Ni- 11%P and A1-2%Zn), 
and the corrosion fatigue strength and fracture mechanisms 
were investigated. The conclusions obtained are summarized as 
follows. 
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The corrosion fatigue strength of ceramic sprayed steel was 
slightly higher than that of the substrate steel. A sealing 
treatment had little effect on improving the corrosion fa- 
tigue strength at higher stress levels because many cracks 
were initiated in the topcoating. It could be effective in long 
life regions of more than 107 cycles. 

The corrosion fatigue strength ofWC-12%Co sprayed steel 
was improved compared to that of the substrate steel be- 
cause of the high resistance to cracking and the low poros- 
ity of the coating. 

In Ni-11%P sprayed steel, cracks were readily initiated in 
the coating at the early stage of fatigue cycling. Therefore, 
the corrosion fatigue strength was the same as that of the 
substrate steel because the corrosive media could be sup- 
plied to the substrate through cracks and pores, 

Anodic dissolution took place in A1-2%Zn coatings, and no 
corrosion occurred in the substrate because the coating was 
less noble than the substrate steel. Consequently, the corro- 
sion fatigue strength of A1-2%Zn sprayed steel was im- 
proved to levels equivalent to the substrate under ambient 
conditions. 

Based on the experimental results, a dual-layer coating of 
WC-12%Co and AI-2%Zn was sprayed and fatigue tested. 
The coating was effective at lower stress levels in the long 
life regimes where corrosion fatigue strength was critical. 
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