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Abstract 

Stellite 6 hぉ beenused as hardfacing material of valve components in nuclear power plant industry and other applications. Stellite 6 

contains more than 60 wt. % Co and it was recognized that Stellite 6 used in valve hardfacing is one of the main sources of Co， which is 

the major contributor to build up the radiation field in nuclear power plants. Thus it is largely responsible for the occupational radiation 

exposぽ eof plant maintenance personnel. Also the price of Co is expensive and highly varying. Therefore， there have been many efforts to 

develop Co・freehardfacing alloy. We have also developed Fe-based new alloy， of which sliding wear and cavitation erosion resistance 

were almost equivalent to those of Stellite 6. In the present study， the effects of Mn， Ti and V on the cavitation erosion behavior of the 

al10y were investigated. The Fe-based new alloy containing V had similar cavitation erosion resistance to Stellite 6 but the others 

containing Mn and Ti were inferior to Stellite 6. 
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1. Introduction 

Co-based Stellite 6 has been traditionally used as the 

hardfacing material for nuclear pow巴rplant valves due to 

their superior wear resistance and the inherent high 

corrosion resistance， strength and ability to r巴tainhardness 

at elevated temperatures. However， the wear and corrosion 
products of Co回 containingalloys are released into the 

primary cooling water and transported to the reactor core 

wher巴 ahigh radioactivity of 60Co is produced by neutron 

capture reaction of 59CO. The radioisotope， 60Coラ withits 

penetrating gamma rays and long 5.3困yrhalf-life， is the 

primary offender to build up the radiation field. So Stellite 6 

which contains more than 60 wt. % 59CO is the major 

contributor to occupational radiation exposure to plant 
maintenance personnel 1， 2) Furtherrnore， Co is a costly 

commodity as well as its price fluctuates significantly. 

Accordingly， to diminish the amount of the releas巴dCo is a 

very important problem that should be solved soon巴ror 

later. To reduce contamination of Co is directly connected 

to minimize occupational radiation exposure to plant 

maintenance personnel， to cut operating costs， and to 
conforrn to the as・.low-as-resonably-achivableprinciple 

advocated by the Intemational Commision on Radiation 

Protection1). Various methods for reducing radiation field in 

nuclear power plants have been developed. One ofthe most 

*Corresponding author. Tel: +82-2-2290-0406; Fax: +82-2-2293-

7844. 

E-mail address:alloylab@hanyang.ac.kr 

478 

e百ective methods to reduce Co contamination is 

substituting Co-based Stellite 6 for Cか企巴ehardfacing 
alloys such as Fe-based and Ni-based alloys 3-5). 

Cavitat問 1erosion is the m句orcause of damage to flow-

control valves such as the globe and the swing check valves 

which experience sudd巴nchanges in water pressure. It is 

caused by the forrnation and sudden collapses of vapor 

bubbles in the liquid near the metal surface. Repeated 

collapses of these cavities can result in the severe 

mechanical shock and wear to metal surfaces 1，2). Recently， 
the Fe-based new alloy (Fe・20Cr・1.7C四 lSiwt.%) which 
possibly replaces the Co四based Stellite 6 has been 

developed. Previous investigations have shown that the Fe・

based new alloy had excellent resistance to sliding wear and 

cavitation erosion 6，7). In the present studyラthee百ectsofMn， 
Ti and V addition on the cavitation erosion behavior of the 

Fe-based new alloy were investigated. 

n. Experimental Procedu.re 

1. Specimens 

Specimens to check the effect of concentration of each 

metal， Fe-based al10ys containing 2 and 5 wt.% Mn， 1 and 2 

wt.% Ti and V were prepared by ingot casting， respectively. 
In order to compare to their cavitation erosion characteri幽

sticsラ NOREM02 and Stellite 6 which wer巴 depositedon 

12-mm thick SUS 304 plate by GTAW (Gas Tungsten Arc 
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Welding) were also prepared. 
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20 Cavitanon erosioll. test 

Cavitation巴rosiontests w巴reperformed with a vibratory 

cavitation erosion testing equipment according to ASTM-
G32 8). The schematic diagram of the appara印8is shown in 

Fig. 1. 
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Fig. 1 Schematic representation for vibratory cavitation 
erosion test equipment. 
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Fig 2. Compare the cumulative weight losses of Stellite 6， 
NOREM 02， and (a) Mn， (b) V， (c) Ti added F←based 
new alloy as a function of exposure time. 
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resistance of fcc Stellite 6 is dependent on the y→ e phase 

仕組sformationin the matrix. 

As wel1 as， according to K. C. Antony， it has been known 
that th巴 cavitationerosion resistance can be improved by 

suppressing the initiation and propagation of cracks in 

alloY8 with the low SFE because the stress白 inducedphase 

transformation and/or formation of twin can absorb the 
local stresses resulting企ombubble collapse10). 

X-ray di缶actionanalysis was conducted to make an inve閉

stigation whether or not these phase transformations 

which is able to improve the cavitation erosion resistance 

occurred目 X-raydi母actionpattems of Stel1ite 6， NOREM 
02， and the al10ys containing Mn， V and Ti before and after 

the cavitation erosion test are shown in Fig. 3. through 6 

Fig. 2 shows the cumulative weight losses ofthe Fe-based 

alloys containing Mn， V and Ti， Stellite 6 and NOREM 02. 

The weight los8 ofthese alloys was plotted as a function of 

exposure time. The incubation period is defin巴das the time 

at which the erosion rate deviates from the initial low 

erosion rate during the cavitation erosion test. The steady 

state erosion rate is defined as the erosion rate after the 
incubation period 8). It is found企omFig. 2 that Stellite 6 

has the longest incubation time (3 hours) among all 

specimens but NOREM 02 is the shortest， approximately 1 

hour. The cumulative weight losses for Stellite 6， the alloys 
containing 1 and 2 wt.% V after the cavitation exposure of 

50 hours are 0.97 mg/cm2， 1.36 mg/cm2 and 1.04 mg/cmヘ
respectively. These values are smaller than those of the 

alloys containing Mn and Ti and NOREM 02 which deals 

with Stellite 6 replacing material. The cavitation erosion 

resistances of the al10ys containing 1 and 2 wt.% V are 

similar to Stel1ite 6. The al10y containing 2 wt.% Ti has the 
weight loss of 0.32 mg/cm2 at 4hours， 1.95 mg/cm2 at 

50hours. The alloy containing 1 wt.% V is 0.32 mg/cm2 at 

4hours， 1.36 mg/cm2 at 50hours and in th巴caseof the alloy 

containing 2 wt.% V is 0.52 mg/cm2 at 2hours， 1.04 mg/cm2 

at 50hours as shown in Fig. 2. 
According to Heathcock et al戸， austenite steels have high 

resistances to the erosion. The high erosion resistance of 

these steel results企omlow stacking fault energy(SFE)， the 
y→ぱ phasetransformation and effects the hardening of 

matnx. 
In the case of the Fe-based new alloy with an austenitic 

struc印re，the cavitation erosion resistance is also considered 
to be dependent on the degree of SFE and the y→ぱ phase
transformation. It is also known that the cavitation erosion 

UI. Results and mscussion 
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Fig. 3. X-ray diffractioil pattern of (的 Stellite6， (b) NOREl¥置
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Fig. 4. X姐 raydi.ffradio回 patternsof(a) 2 wt.% Mn， (b):; wt.% 

Mn. 
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Fig. 5. X-ray diffraction patterns of (a) 1 wt. % V， (帥 2wt.% V. 
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Fig. 6. X-ray diffraction patterns of (a) 1 wt.% Ti， (b) 2 wt.% 
Ti. 
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Mn was added to improve the cavitation erosIon resistance 

by occurring the y→ s phase transformation. But The 

addition of 2 and 5 wt.% Mn was not appeared the γ→ E 

phase transformation but only the y→ a' phase transform-

ation is found as shown in Fig. 4. Namely， the e:ffect ofMn 
addition on the cavitation erosion resistance is very little 

and2姐 d5 wt.% Mn addition is not enough to be improved 

the cavitation erosion resistance by the y→ s phase岡田園

formation. In the case of V and Ti， the y → a' phase 
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Fig. 7. Optical micrographs sl10wing cavitation喧rosion

surfaces of (a) St母Ilit世6111，(b) Stellite 6 20h， (c) 
NOREM 02111， (d) NOREM 02 2011， (哩)2 wt.% Mn 

111， (f) 2 wt.% M阻 20h，(g) 2 wt.% V 1h， (11) 2 wt.% 

V 2Gb， (i) 2 wt. % Ti 111， 0) 2 wt. % Ti 20h 

佐ansformationwere increased after the exposure test. ln 

spite of the low SFE， the cavitation erosion resIstances of 
the Fe圃basedalloys containing V and Ti alloys are not 
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improved than that ofthe Fe-based new alloy which was 

similar to Stellite 6. 

Fig. 7. shows that the surface morphologies of Stellite 6ラ

NOREM 02， and the alloys containing 2 wt.% Mn， 2 wt.% 
Ti and 2 wt.% V which materiallosses were comparatively 

less than those of 5 wt.% Mn， 1 wt.% V and 1 wt.% Ti as 

shown in Fig. 2.ヲ obs巴rvedby an optical microscope. When 

materials were exposed to erosion， a crack can be initiated 

at the interfaces between the hard carbide and the soft 

matrix. The crack spreads to long distances and final1y 

creates macroscopic pits at the carbide region.ll). The dark 

area is the material loss part by the cavitation erosion and 

the bright area is not. The black spots in this figure indicate 

carbideおrmationsand the whit巴 areais the matrix. In the 

case of all the alloys containing Mn， Ti and V， materialloss 
is also initiated at th巴 matrix-carbide interfaces and 

gradually propagates into the matrix. As shown in Fig. 7， it 
can be confirmed with the naked eye that the materiallosses 

of the alloys containing 2 wt.% Ti and 2wt.% V are 1巴ss

than those of 2 wt.% Mn addition alloy目 Thatis， the 
cavitation erosion resistance of the Fe回based alloys 

containing 2 wt.% V is better than that of the Fe-based 

alloys containing Mn and Ti. 

IV. Condusions 

From the cavitation erosion tests of the Fe-based alloys 

containing Mn， Ti and V for 50 hours at room temperature， 
the following conclusions could be achieved. 

1. The cavitation erosion resistance of the Fe七asedalloys 

containing 2 wt.% V was similar to that ofStel1it巴6.But 

the Fe同basedalloys containing Mn and Ti were not 

better than the Fe-based new alloy which was similar to 

Stellite 6. 

2. The cavitation erosion resistances of the Fe-based alloy 

containing V were improved due to the absorption the 

incident cavitation energy by stress-induced phase 

transformation and the hardened matrix which could 

effectively suppress the crack propagation initiated at 
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carbid巴-matrixinterfaces. 

3. The 2 and 5 wt.% Mn addition was not enough to 

improve the cavitation erosion resistance. The expected 

e-martensite phas巴transformationdid not occur but the 

d四martensitephase transformation occurred in th巴se

conditions. 
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