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Formation of Amorphous Fe-Cr-Mo-8P-2C
Coatings by the High Velocity Oxy-Fuel Process
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Alloy powders of Fe-10%Cr-8%P-2%C(10Cr), Fe-20%Cr-8%P-2%C(20Cr), and Fe-10%Cr-10%Mo-
8%P-2%C(10Mo) compositions (in mass%) were sprayed by the high velocity oxy-fuel (HVOF) process
under different conditions. The as-sprayed coatings of 10Mo alloy were composed of only an amorphous
phase under all the spray conditions, while the as-sprayed coatings of the 10Cr and 20Cr alloys consisted of
an amorphous phase with a small amount of crystalline material. The volume fraction of the crystalline
material increased slightly with the rise of the flame temperature. The hardnesses of the as-sprayed coatings
of the 10Cr and 20Cr alloys were 600 to 700 DPN, respectively, while the 10Mo coating composed of an
amorphous phase revealed 560 DPN. The corrosion resistance of the as-sprayed coating of the 10Mo alloy
was the best among three amorphous coatings and also superior to the nickel-base self-fluxing alloy and
SUS316L stainless steel coatings itNIH,SO, and 1IN HCI solutions.

tance of the coating would be better than the amorphous coating
of the Fe-Cr-P-C alloy.

The aim of this work is to form a 100% amorphous iron-
based coating by the HVOF process under atmospheric condi-
tions and to investigate the corrosion resistance of the coating.

Keywords amorphous coating, corrosion resistance, HVOF, irpn
alloy, structure

1. Introduction

Previous work! has reported on the structure and corrosion ;
resistance of Fe-10at.%Cr-13at.%P-7at.%C amorphous coatings?' Experlmental Procedure

obtained by low-pressure plasma spraying (LPPS), high-energy  The iron alloy powders were made by gas atomization after
plasma spraying (HPS), and high velocity oxy-fuel (HVOF) melting electrolytic iron, graphite, and ferroalloys by using an
processes. It was found that a 100% amorphous coating wasduction furnace. The chemical compositions of the alloy pow-
formed only by the LPPS process, and the corrosion resistanc@ers are shown in Table 1. The compositions of the powders are
of the coating was excellent in sulfuric acid and hydrochloric gimjlar to the high corrosion-resistant amorphous alloys of Fe-
acid solutions. ) _ _ _ Cr-Mo-13at.%P-7at.%C reported by Hashimetoal? The

The LPPS process is not practical for all industrial processesgcy alloy is the same as the Fe-10.9Cr-13.1P-8.36C-0.77Si
due to the need to process in a low-pressure vessel. An amoreat.o%) alloy investigated in the previous papek.small amount
phous coating was also formed by HPS and HVOF processesy sjlicon was added to prevent oxidation through the atomiza-
under atmospheric conditions, but these coatings also includegjgp process.
crystalline phases. A 100% amorphous coating has not been ob- Alloy powders of 45 to 1um in diameter were used for
tained with thermal spray processes under atmospheric CondiSpraying. The alloy powders are of an amorphous phase, as seen
tions. The flame temperature of the HVOF process is low and thefrom the x-ray diffraction (XRD) patterns in Fig. 1. The melting
flame speed is very high compared with a plasma sprayingpoint of the powders is under 1273 K, as shown in Table 2.
process. Therefore, itis anticipated that a 100% amorphous coal- The powders were sprayed onto a mild steel plate by the
ing would be formed by the HVOF process under atmospheric yOF process under the three different conditions shown in
conditions by using alloy powders, which had a tendency to form tgple 3. The oxygen and fuel pressures of the HVOF process
an amorphous phase. N were changed to vary the flame temperature. The thickness of the

Hashimotoet al.reporteé*# that the addition of molybde-  ¢oatings obtained was about 0.5 mm. The structure and phases
num and/or tungsten to Fe-Cr-P-C alloy enhances the corrosiony, the coatings were examined by XRD and optical microscopy.
resistance of the amorphous alloys. It is also known that the ad-the hardness of the coatings was measured 15 times using a
dition of molybdenum increases the amorphous forming ability vjickers microhardness tester with a 4.9 N load. The corrosion
of high carbon iron alloy§®! Accordingly, an amorphous coat-  resjstance of the coatings was evaluated from anodic polariza-
ing without crystalline phases could be formed by the HVOF ijon curves in acidic solutions using a potentiostat. De-aerated
process by using appropriate powders, and the corrosion resisiN H,S0, and N HCI solutions were used for the electrolyte. A

platinum counterelectrode and a saturated calomel reference

F. Otsubo, H. Era,andK. Kishitake, Department of Materials Science eleCtrOd.e (SCE) were gsed. The anqdlc polarlzathn curves .Of
and Engineering, Faculty of Engineering, Kyushu Institute of Tech- the coatings were obtalngd by scan.nlng the corrosion potentlal
nology, Kita-Kyushu 804-8550, Japan. Contact e-mail: otsubo@ t0+1.1V (versus SCE) with a scanning rate of 60 mV/min after
tobata.isc.kyutech.ac.jp. keeping the potential a0D.7 V (versus SCE) for 10 min at 303
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Fig. 1 XRD patterns of powders 0 10 20 30
Time, sec.
Table1l Chemical compositions of powders (mass%) Fig. 2 Temperature change of substrate heated by HVOF flame
Alloy Cr Mo P c Si
10Cr 11.7 C 8.36 2.08 0.46 .
20Cr 19.9 C 8.13 2.07 0.46 a steel plate (3 50 x 60 mm). Figure 2 shows the temperature
10Mo 10.0 11.7 7.69 211 0.65 change of the plate as a function of the spray time without thg

powder feeding. The temperature elevates more quickly in thg

order of conditions L, M, and H.

Figure 3 shows optical micrographs of the as-sprayed coatf]

ings of 10Cr alloy. The coatings appear very dense, althoug

10Cr 20Cr 10Mo some pores and oxide films are visible in the coatings. The por|

1237 1271 1218 size in the coating sprayed under the condition of L is larger thal

(a) Measured on heating rate of 0.5 K/s that II"I the Coat|ng Sprayed Under Cond|t|0n H The ZOCI’ and

10Mo coatings also exhibited similar structures as the 10Cr coa
ing sprayed under the same condition.

Figure 4 shows the XRD patterns of the as-sprayed coating

of 10Cr alloy. Very weak diffraction peaks are seen on a hald

pattern in the coating sprayed under condition L. The peaks bg

Table 2 Melting point of alloys (K)(a)

Table 3 HVOF spraying conditions

L Cons,lltlon H come more distinct for coatings sprayed under conditions M an(
Oxygen pressure, MPa 1275 1041 1,206 H. Figure 5 shows the XRD patterns of the as-_sp_raye_d coating
Fuel pressure, MPa 0.931 0.965 0.965 of the 20Cr alloy. The peaks are more clearly distinguished on
Chamber pressure, MPa 0.689 0.689 0.689 halo pattern compared with the 10Cr coating sprayed under th
Feed rate, g/min 45 45 45 same conditions. On the other hand, the XRD patterns of the a
Spray distance, mm 300 300 300 sprayed coatings of the 10Mo alloy reveal a halo pattern withou

any peaks of crystal phases under all conditions (Fig. 6). It ig
found that the 10Mo alloy is the best feedstock to use to achiev
an amorphous coating by the HVOF process.

Figure 7 shows the hardness of the as-sprayed coatings. T
10Cr and 20Cr coatings revealed high hardnesses of 600 to 7(
DPN, and the hardness increases in the order of the conditio
L, M, and H because of the increase in the volume fraction o
crystalline phases in this order. On the other hand, the 10Mq
coatings composed of a perfect amorphous phase show simil3
hardnesses of 560 DPN independently of the spray condition.

K. The coatings were polished with alumina powders of Q95

and were masked with an acid-resistant lacquer to form an ex-
posure area of 1 chbefore the measurement of the anodic po-
larization curve.

3. Results and Discussion

3.1 Structure of Coating

3.2 Corrosion Resistance
The temperature of the substrate heated by the HVOF flame ! ;

was measured by means of a thermocouple welded at a distanc  Anodic polarization curves of the coatings sprayed unde
of 1 mm between each wire of the thermocouple on the center oicondition L were measured in acidic solutions. Figure 8 showsd
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Fig. 3 Optical micrographs of the coatings of 10Cr alloy sprayed
under the conditions o) H and ) L
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Fig. 4 XRD patterns of as-sprayed coating of 10Cr alloy
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Fig. 5 XRD patterns of as-sprayed coating of 20Cr alloy
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Fig. 6 XRD patterns of as-sprayed coating of 10Mo alloy

and 20Cr alloys exhibit the activation-passivation transition.
However, the 10Mo alloy coating reveals the higher corrosion
potential of 0.1 V compared with the other amorphous coatings
and no active state in the polarization curve. The passivation cur-
rent density of the 10Mo coating is the lowest among the three
amorphous coatings. Therefore, the corrosion resistance of the
10Mo coating composed of a 100% amorphous phase is superior
to the other partially amorphous coatings. The current densities
of the SFA and SUS316L coatings are much larger than those of
the amorphous coatings, and the current density of the Hastelloy
C alloy plate is quite low. Accordingly, the corrosion resistance

anodic polarization curves of the as-sprayed coatings in de-aerof the amorphous coatings may be superior to the SFA and

ated N H,SO, solution at 303 K. The polarization curves of
nickel-base self-fluxing alloy (SFA) coating (JIS-MSFNI1),

SUS316L stainless steel coating, and Hastelloy C alloy plate are

SUS316L coatings and inferior to Hastelloy C plateNiHLS O,
solution.
Figure 9 shows anodic polarization curves of the as-sprayed

also shown for comparison. The as-sprayed coatings of the 10Ccoatings in de-aeratedNHCI solution at 303 K. The polariza-
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tion curves of the amorphous coatings MHCI solution are $ 05F
similar to those of the coatings iNH,SC, solution. Hastelloy >
C alloy, which possesses high corrosion resistanci H,50, Y
solution, also retains a quite low current densityNiHCI so- g R ‘i
lution. However, the current density of the SFA and SUS316L o S T . SUSITEL
coatings in N HCI solution become fairly large compared with —05¢
those in N H,SQ, solution. Therefore, the amorphous coatings De~aerated 1VHCI at 303K
possess higher corrosion resistance alsdlii@I solution com- -1 - > s v s 6
pared with SFA and SUS316L coatings. Thus, it was found that 1 10 10 10 10 10 10

a 100% amorphous coating was obtained by the HVOF proces: Current Density, u A/cm?

under atmospheric conditions using Fe-Cr-Mo-P-C alloy pow- Fig. 9 Anodic polarization curves of as-sprayed coatingsNrHCI
ders, and the coating exhibited good corrosion resistandé in 1 solution
H,SO, and N HCI solutions.

coating of the 10Mo alloy showed a higher corrosion poten-
4. Conclusions tial of about 0.1 V compared with the other as-sprayed coat

ings and revealed no active state in anodic polarization curve,

The Fe-10Cr-8P-2C(10Cr), Fe-20Cr-8P-2C(20Cr), and Fe-  jn 1N H,SO, and N HCI solutions.

10Cr-10Mo-8P-2C(10Mo) amorphous powder compositions in
mass percent were sprayed by the HVOF process under variou
atmospheric conditions. The structure, hardness, and corrosiot
resistance of the coatings were investigated. The results are sun
marized as follows.

The corrosion resistance of the as-sprayed coatings is sup
rior to the SFA and SUS316L coatings N H,S0O, and N
HCI solutions, and the as-sprayed coatings possess highg
corrosion resistance ilMIHCI solution than in il H,SO, so-
lution compared with SFA and SUS316L coatings. The as
» Amorphous coatings with a small amount of crystalline  sprayed coating of the 10Mo alloy composed of a 100%
phases are obtained from the 10Cr and 20Cr alloys and ¢ amorphous phase structure has excellent corrosion resistan
100% amorphous coating is formed from the 10Mo alloy by  in IN H,SO, and N HCI solutions.
the HVOF process.

¢ The volume fraction of crystalline phases in the 10Cr and
20Cr coatings increases slightly with a rise of the flame tem- Acknowledgments
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