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The components in ultra super critical (USC) steam turbine, which is under development for high efficient
power generation, are encountering harsher solid particle erosion by iron oxide scales than ones in the
existing steam turbines. Therefore, the currently used boride coating will not be able to hold effective protection
from particle erosion in USC system and should be replaced by new particle erosion resistant coatings.
One of the best protective coatings developed for USC steam turbine parts was found to be vanadium-boride
(V-boride) coating which has a hardness of about 3000 Hy, much higher than that of boride, 1600 ~2000
Hy. In order to evaluate particle erosion resistance of the various coatings such as V-boride, boride and
Cr-carbide coatings at high temperature, particle erosion test equipments were designed and manufactured.
In addition, erosion particle velocity was simulated using FLUENT software based on semi-implicity method
for pressure linked equations revised (SIMPLER). Based on experimental results of this work, the
vanadium-boride coating was found to be superior to others and to be a candidate coating to replace the

boride coating.
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EVALUATION OF HIGH TEMPERATURE PARTICLE EROSION RESISTANCE OF VANADIUM-BORIDE COATING

Table 1. Particle erosion conditions of USC steam turbine

Items Conditions
Temperature 593-649 C
Mean Velocity of Impact Particles 200 m/s
Angles of Impact Particles 0-90°
Impact Particles Fe;04
Size of Impact Particles 20-200 pm

Table 2. Specimens used for particle erosion tests

Specimens Chemical Composition(wt.%)

10Cr-0.05C-0.05Mn-0.02P-0.015S
-0.8Mo-0.3Ni-0.15V-0.2Si-0.04N-
Fe(balance)

Base Metal (B50A365B)

Boronized(Boride) -

Cr Carbide Coated 75Cr;C,+25NiCr

V-boride Coated -

Table 3. Pack compositions for boride and V-boride coatings

Coatings Pack Composition (wt.%)
Boride 5B4C-2KBF4-93Al1,0;
V-boride 60(30Fe-70V)-3NH,CI-37AlL,0;

Table 4. Process parameters for Cr-carbide HVOF spray coating

Oxygen Quantity Supplied 290 1/min.

Propan Gas Quantity Supplied 86 l/min.

Feeding Rate of Powder 53 g/min.

Rate of Gun Movement 10,000 mm/min.

Repeated Times of Spray 6 Times

Spray Distance 230 mm

Spray Angle 90°

Mean Coating Thickness 180 1m
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Fig. 1. Top surfaces of four specimens before erosion tests; uncoated (a), boride coated (b), Cr-carbide coated (c) and V-boride coated

(d) specimens.
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EVALUATION OF HIGH TEMPERATURE PARTICLE EROSION RESISTANCE OF VANADIUM-BORIDE COATING

T =

Ly g O

gj@ 10 |llloe oo
ooo |||(00 00
coo oo oo

o000

000

— H

1

& & & &

Air Heating Acceleration Specimen Electric Air Control
1 2 Powder Feeder 4 5 6
Chamber Tunnel Holder Control Box Box
(@
Thermocouple & Pitot tube
.
2000
2500

Fig. 2. Schematic diagram of particle erosion tester (a) and schematic geometry of the flow field in acceleration tube (b).
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Fig. 4. Velocity vector of the flow field with the particles whose
diameter is 100 pm at flow rate of 400 1/min.
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Fig. 5. Cross-sectional SEM image of boride coating.

2) Sl o UXISEO| At

FAS] HEE ARtelr] flete] 7] 3 A3 el pitot
FHE AReto] Aok (A1 Al e —frAle] ek
o] STt fFAlS] sFo] odAleletar 7 e ), pitot
FHE o] &35k A9k S 0w 75 g AHellA A9 &
Sob ol A= HH ARk o ik Ak Sie ded
Fe} 3ol AxtAle] ety 78 4= g17] wiszell A2
T2 A A4t modeling = 73 4= 9} AREE

AgAor SHE A £S5 nlgo® 89
FLUENT =738 A3l Semi—Implicity Method
for Pressure Linked Equations Revised (SIMPLER)
algorithm= ©]-g-sto] 7+8}3t}. SIMPLER= 821
(finite difference method) & =814 ®Ho|t} {-3-=)
ol AEuE AP A Bl F A A wdlel v

ud

y

rr

ju!

Q. RES MR AP F0F O 5o
2 7Pgatel o, Welzk(Azimuthal) W) Bt 5 S

Tk 7P skalnl Begh A= e o]l YAket §f
AR AT FEL flokal 7Pkt Fig. 4= 27 100
pm8] A7 2 FA7F 400 Vmin o Z -9 =E A5
A8 SEUEE Uehd datolt),

80

3500
3000 —&—V/-boride
—l—Boride
2500 —— Cr-carbide
z Uncoated
= 2000
1%
@
C
T 1500
©
T
1000
500

0 20 40 60 80 100 120 140 160 180 200
Distance from surface[ um]

Fig. 6. Depth profile of hardness of four specimens.

VB; + VB

V8; with large
amount of B schid solution

(Fe, CrB + B solid solution

Fig. 7. Cross-sectional SEM image of V-boride coating.

<
I

1.0967(h,/d)"* , h=P,-P;
VA FE (ns)
h, : A (kg/m?)
P, P, : AAYLY 2 G4 (kg/md)
d: A 25 (gmd)

-

3. ¢7&n A nH

V-boride&2| OJMZEE & A

Fig. 52 38292 SEM Wi Apzlelr, 3tellx] 30 u
m T 7 JAL (Fe,Cr)BAolH, ol 40 pm F7I
] 3|4 Gl (Fe,Cr)2B “delnh. argha7del A== e
TR AP A FAdoltt. (Fe,Cr)Bd (Fe,Cr) BY Xt}
Aol o, AFZAFTE W] wiiel FeAl el
vpetAabA] kot 1gkate] A A gl Aol
ok A 5 Fig. 6914 ®inke} 2o] 1600—
1800 Hy ¢! ZACoZ vephdt)

Fig. 7oA o= 212 RAVE stel A4 V-boridest
go] e Folr, A oF 10 xm 7712 V-boride
(G2 VoBs2l VBo= 74 7 1 o}l €] ¢F 70 pm T

CORROSION SCIENCE AND TECHNOLOGY Vol.14, No.2, 2015



EVALUATION OF HIGH TEMPERATURE PARTICLE EROSION RESISTANCE OF VANADIUM-BORIDE COATING

Table 5. Experimental conditions for particle erosion tests

Temperature 621 C
Impact Angles of Particles 30, 45, 60, 90°
Particle Velocity 200 m/s

Particles & Size Fe;04, 100 1m
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Fig. 8. Erosion wastage of 4 specimens tested at various impingement angles: (a) 30°, (b) 45°, (c) 60° and (d) 90°.
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Fig. 9. Eroded surfaces of four specimens tested at impingement angle of 30°: uncoated (a), boride coated (b), Cr-carbide coated (c)

and V-boride coated (d) specimens.
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Fig. 10. Eroded surfaces of four specimens tested at impingement angle of 90°:
uncoated (a), boride coated (b), Cr-carbide coated (c) and V-boride coated (d) specimens.
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