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Abstract

Steam turbine components of power generators are subjected to severe damages from the particle
erosion by iron oxides (mainly Feis0,) which are formed due to the oxidation of boiler tubes, causing
high costs for maintaining and repairing. One of the practical ways to minimize the particle erosion is
to apply the erosion resistant boride coating on the turbine components which is composed of boride
apply. But the evaluation of its performance has not been carried out. A particle erosion tester, which
can offer the erosion condition of steam turbine components, was developed to evaluate the perfor-
mances of the boronized Cr/Mo alloy. The result showed that the boronized Cr/Mo alloy showed supe-
rior resistance to particle erosion to the bare Cr/Mo alloy in all test conditions.
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Table 1. Chemical composition of Or/Mo steel

Element | Cr | Mo | Ni v N |
10001 090 005 015 o004
Wt% | _1150] —110] —0.12| —0.25] —0.08
Elernent C Mn P S Si
014| 050| 0020 0015] 0.5
g,
Wt% | _po0l —0380 —050

Fig. 1 Cross-sectional microphotograph of boride
coating
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Fig. 2 Hardness contour of boride coating
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Fig. 3 Particle erosion tester

Table 2 Parameters used for particle erosion test
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Fig. 4 Comparison of erosion rate at various tem-
peratures for uncoated Cr/Mo steel
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Fig. 5 Comparison of erosion rate at various tem-
peratures for boronized Or/Mo steel Un-
coated Boride coated
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Fig. 6 Comparison of eroded surfaces betwesn
the uncoated and coated Cr/Mo steel

A} Bt} 14 & microcracking & chipping & 4}o)
Hetus 2oz gadn,

3.2 YASE Halof 2 AAIg H|p

HEUAE By 2dgeYon 95
s F2 2B (RRE Fe0,) oW, 239
P == 20im250/mo] 3, QAbe] Hej4m= 300 m/
s Aoz A Qo) YAKEL T e A
Aol FAEE 2A87) Ysidd, Faex 3007,

200m/s 1)1
A % Cr/Mo73} boride ZEE Cr/Mo7te] 214l

&, 25} Fig. 7 € 8= AEHR

2 Cr/MoZ#} boride28E Cr/MoZe QA-¢%
&ro Be 488 727 ez o) 5 77
ZE vl ) BH, boride®] W A}414 o) gz
A & Cr/MoZel ula 10u) o) 47h=] kars)g) e

«%é#ﬁﬁ+@&i%ﬂﬂmonﬁ4bm®
FYE AW RS QRA4ESES} Zolges YA
£o] F71et3 Atk ol RS YK FEES) Z7)E
F5 YRAFBANIR 7} 27}5k7] W) o]t Fig, 7
o} 8oll A B whe} zo] FE)E A ere A|@e] A
S 37k AR FE oM FEQ] Ao wat 2
Agko] YA Zhet= W, boride ZHH A]
B A5, FAN AFAR0] YY) 2o
A &) B GBI Falo] AHWA B}
3o FA 83 ) gE BAF G nojzy

Wastage pngt

Passicls weight [g]

Fig. 7 Comparison of erosion rate at various parti-
cle velocities for uncoated Cr/Mo steel
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Fig. 8 Comparison of erosion rate at various parti-
cle velocities for boronized Or/Mo steel
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Fig. 9 Erosion rates of uncoated Cr/Mo steel at
various particle impact angles

i v -
Pustchy Fe O, 90
Pucticd sz :::- et gy
Vameity 300 i
[ =
1| Yompuanse 80T o 15
k-] LE
£
-3
§ .
2
24
Y T Y v
o 100 E 30 400
Padicle waight (g}
Boride(HM)

Fig. 10 Erosion rates of boronized Cr/Mo steel at
various particle impact angles

Fig. 994 B& AAY, 28R 420r/Moe

URAZEALET} 60° L 30°) A o] Falgo] 15

3. 4 Boride/HPigtofl 2 AAE H|W
Boride & FA A w2 488
3171 sl 50, 60, 70, 85:m 77 2] boride
Al g sted, FA 2% 20°C 9} 550°C,
£ 180 m/s ¢ 300m/s, 28]
© 90° 2 3] A2AE& st

fi E
El
o,
Sl

tlo
N
)

oot X

)

rz°°
N

].

N

RS

it

Fig. 11& A4 L% 20C, YA4+E54% 180m/s
AAFEZAE 90° o) A A t}h%E borideZLE F
AE ZHe AR diste AA&s 299 dns
BFa ), A7 2ANM e ZEFA 7} 50mol
A 85mz FHEFE A &) FTUBIE ULE
HoyF 1 Q)

Fig. 12 425 550°C, YAHHESE 300 m/s,
PAFEAE 90° 9] Z2ANA Zrz} 50/m, 60m, 70
(m 18] 3 85m 7 2] boride ZE ol thate] A}

1A & A#E vepf 3 gloh 560°CAA Al g
A H (150~ 85m) AN A, 70m P52

B o
HJ
ot
r

ol 4 }oq wzs}ﬁ 29 So| BT 9} Bo]
e Aoz 2P

Wastage(mg)
-

o

M T T T Y
¢ 56 108 %0 200 2w 300 350 0

impact patticle weight{g)

Fig. 11 Erosion rates with coating thickness (test
temp. : 20°C)
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