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Improvement of Cavitation and Silt Erosion Resistance for Austenitic
Steel and SiC Alloy Made by Plasma-transferred-arc Powder Welding
Method

Kenichi Usami, Hiroshi TAKAYASU, Kohji SATO,
Yutaka FUKUI and Joshiro SATO

Synopsis :

Metallography, hardness, cavitation erosion weight loss, and silt erosion weight loss were examined for
austenitic steel and SiC powder prepared by the plasma welding method, SiC content powder varied from 0
to 15wt%. The resistance was improved with an increase of SiC content. According to EDX analysis,
Si, Ni, and Co were found in matrix and Cr, Mo, and Fe were found in precipitates. It is suggested that
SiC is decomposed during melting and C forms new carbide with Cr, Mo, Fe. The reaction may cause the

improvement of cavitation and silt erosion resistance.

Key words : plasma powder welding; overlay weld metal; austenitic alloy; SiC; cavitation erosion; silt

erosion ; structures.
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Fig. 1. Principle of plasma transferred arc pow-
der welding apparatus.

(A) Austenitic alloy
Photo. 1.

HICEESES.
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Cr-1.50Mo-6.42Co-0.17N-bal.Fe %5 7% 5 T\ 5,
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HE 1L, A—2AF7F 1 PREEHED AL DA
HE&T, BB 2~61%, F—2F7F1 FPRAEHEKRIC
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Table 1. Welding conditions of PTA.

Item Data
Plasma current 220~280 A
Arc voltage 30~35V
Plasma gas 31/min
Shield gas 15 1/min
Powder gas 51/min
Powder supply 25 g/min
Travelling speed 25~30 em/min

Oscillation width 94 mm
Oscillation frequency 0.25 Hz

(B) SiC

SEM photographs of austenitic alloy and SiC powders.
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Table 2. Chemical composition of composite materials (wt% ).

Alloy SiC content ) . )
C Si Mn Ni Cr Mo Co N Fe
number wt% ’ vol %
1 Based alloy 0.09 0.48 9.05 3.96 19.6 1.52 6.05 0.20 Bal
2 1 2.5 0.48 1.30 10.4 4.01 19.8 1.68 6.85 0.18 Bal
3 3 7.3 0.99 2.71 10.5 3.89 19.5 1.67 6.90 0.19 Bal
4 5 11.9 1.44 3.78 8.95 3.79 18.8 1.36 6.05 0.15 Bal
5 10 22.1 2.98 7.85 7.51 3.66 17.0 1.28 6.01 0.14 Bal
6 15 31.1 4.47 10.7 6.56 3.55 16.7 1.19 5.56 0.09 Bal
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FrCERBRICHE L 72,
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HE oM CE MM, MERSXOF x ¥ 7 —
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RIS 120 #m, AERWIX 25+2°C D AKEK (fRELK) %
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g (0=0.52 LIT) oREToORBEL WL LZbD
THhbH, KRABRTH 012 0.6 L. 20 gid, R\
TERENS.

o= (P— Pv)/(pV?/2)

22 P RO (kgf/m®), Po: KoOSAIZE
T (kgf/m?), p: KO (kg/m®), V: B #EE (m/s)
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HREOB EITIZEFTa Yy PEATWS. ZORRLD,
HEARFEL)KE o FRIZ, SiC ORBUZEA
WKFEDTFTORRBLUKAREBTRETHAOTIEL
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Fig. 2. Relationship between apparent density,
hardness and SiC content.
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Fig. 3. Relationship between theoretical and che-
mical analysis content of Si and C.
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Fig. 4 12, ¥ SICELEAE L OB RT.
KEOEAR I, SICEXHIMT AL 720> TRA
LTwa. LAL, SICHAEH 5wt% LT CREA
BEOEEMEBYERTH, S5wt% LETId SiC 20y
MM BEEB ORIV IBRL I I > TS . Thbh,
SICHEESESwt® ¥ LT, HEABORVEZIRTHE
BWOEEPREL->TWAS, SICESEN 5wt LTo

(X107
1
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SiC content (wt%)

Fig. 4. Relationship between cavitation erosion
weight loss and SiC content.

SiC content ; (a) O wt%

Photo. 2.

(b) Swt%

SEM photographs of attacked surface after cavitation erosion test.

(c) 15wt%
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WA —0.21, SiICHAEY Swt% Ll LA
—0.02 &%, 5wt% DL EOBEEESE S5wt% LLTI
LT, ZOLEEAHE 1/10 & 20, BAEEH 1/10
WKIRA T 5 E2EHRL T A,

Photo. 2 12, ¥ ¥ ¥ 75— 3 YREZEOBEH %8
#L7 SEMEBEEORES /R EATIE, Fr 74
DEFEIZX > THid LR E LTHELZMMYRERLT
Wwah, LHL, SCEEEEE, B 1 N3,
ZOEFMTIICEAMOMMAEEE LD, RS
WKL BoTWwh.

3-3 SiC B & SE t44E)

Fig. 52, B0 SICELRAB L OBFKEERT.
RERZ, Fig 4 0ERE L FE, SiICEZ¥NT S
WKL oTb L, ZOREENSS5wt% 25E LT,
REBOWVEZRTEROEENR L >TWES., &b
b, SiC HARD S5wt% LT oA —0.88, SiC #
SEMNSwt% DL —0.31 &40, SICES
wt% LEOBEAEAER, Swt% LTI LT, 204

(X107

Silt-erosion weight loss (cm3)

SiC content (wt%)

Fig. 5. Relationship between silt erosion weight
loss and SiC content.

SiC content ; (a) Owt%

BoEbATH 1/3 12 LT 5,

Photo. 3 12, THWERABEORAWLESEL -
SEM BEEORFEM L RT. BEWEE, TKOWEGS
BHZH - 7251 - & SR CH IR O WA 2 & OIHIH M
Fokn EHDER (Wedge) % 4 L 7:3#2 L (Ploughing)
ATV OWEEY - R oTWA, LA L, SIiC
DEAELHTIIEZOMMSEL 0 ¥EL L, e
RICIDREMINE RS,

3-4 i CEM&it SE & DR

Fig. 4 £ 5B T, HASLRARIFE S OWM
EEBIHYT AL ERLT.

Fig. 6 12, ¥ 1% 1 L L-BoOmWS Lt CEMS
LU SEH & DB EERTRLZ. Fig. 6 &0
it CE M3 X O SE s, L bl Em< i
BIZ LA TURIFERIICHET S, FxE¥F—32 3
PIEABBALSDVWTRL L, HE 6 D SiC15wt%

| I ! No.§ !

14 ) -
Cavitation erosion
12F .
101 N
g o :
E (Sl No.4 N
Silt erosion
4 l i
- —'?
2 —"A=:;°.5 No.6 -l
1 No.4

| No.2 No3 1 1 }

200 400 600 800

Hardness Hv

Fig. 6. Relationship between multiple of cavita-
tion and silt erosion resistance for hardness.

(b) 5wt% (c) 15wt%

Photo. 3. SEM photographs of attacked surface after silt erosion test.
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BWEL-BEREARASE, B 10+ —2X7F+1 MR
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SiC content ; (a) Owt%

(b) 1wt%

Photo. 4. Microstructures of austenitic alloy and SiC composite weld alloy.
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Fig. 7 12, SiC5wt% HAEREGEL D EDX TS
WMOARYZ b %RT. MBix~rY 2R, PHEIE
o RTHAH. MEIZIE, C Cr, Fe, Si, Mn,
Co, Ni %%, P %821k C, Cr, Fe, Mo, Mn,Co 2SS 1L
TWwab, 4512, PEHTIE M#izxt L, C, Cr, Mo #'%
CBIENTWAD, Mnid~< b vy 7 X EAHEDAT

() 5wt% (d) 15wt%

Cr .

# «——P (Precipitation)
b

:Il Fe
1

Iy <M (Matrix)

Fig. 7. EDX spectra of precipita-

—J tion in SiC 5wt% weld alloy.
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Table 3. Comparative of each element content on chemical and EDX analysis.
e Analysis c si Mn Ni Cr Co Mo N | Fe
. M - 3.48 8.67 4.09 15.4 6.70 0.54 - 61.2
5wt EDX P - 0.07 7.43 0.19 64.1 0.97 2.09 - 25.2
(No.4) Chemical 1.44 3.78 7.61 3.79 15.2 5.96 1.36 0.15 Bal
o M - 8.37 8.95 4.85 11.0 6.22 1.25 - 59.4
15 wt% EDX P - 0.17 7.63 0.26 55.0 1.07 1.32 - 34.6
(No. 6) Chemical 1.47 10.7 6.56 3.55 16.7 5.56 1.19 0.09 Bal
THENRO L. SICE#MMTAro itk mbd s i@

Table 3 i2, Fig. 7 ® EDX M A~ b7 X hRD
R ALAB6OMBIUPHICBIARTRR
& Table 2 IZ/R LB & DILESHTE & O LLE & RT.
8, CEIZEDX HHdoidkodb I N TELD o
7z,
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Ml L2z &8 Tan, $abb, A&MEPICE
BANHERON WL Cr 2 E LT HBARILMT
Hs5.
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B L Uit SE om LN b0 L ER 5.
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EEELKNS.
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i

BWIMKFEL T 5,
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iz SiIC ERBRE R BITEMEBILL, 208
DMz > TEOHEWOBRYE Y. EDX X5 TG
FEOMLUIHER, Sid< by 2z 2z, CidCrt
EBIH RIS R E R, B, Mnidw M)y
7 A LRI IIZRI L BAR s .

(4)ERFRTOF~2FF 1 bRESLRILMR L T
3927 A SiC LDORAMERICLDZRNBEBEGEIIERE
B SIC A9 MR L, Sid< ) v 7 2k, C
i Si KN LBAAPBEAEEFD Cr BXLU Mo H &
HELEhooEAERIME LTHIIET A, ShOHEA
RALM OIS L DS 258 < & Vit CE ¥ B X Ui
SE HAs) L § 5.
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