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Failure Analysis of A Stellite Alloy Coating on Steam Turbine Valve
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Abstract: The Stellite 6 alloy coating on COSTE steel valve in a steam turbine fell off after 6 years in service. Stellite6
alloy was deposited on COSTE steel by electrode arc welding, and the failure reason of Stellite6 coating was studied. The
results show that COSTE steel has diluted Stellite 6 alloy during surfacing, and the Fe element gathers near the interface of the
Stellite6. During service, the Fe element diffuses extensively from the steel substrate to the Stellite6 coating. Excessive Fe
content promotes the «-Co(Cr, Fe, W) solid solution in Stellite6 coating to generate brittle BCC o'- FeCo(Cr, W) phase and o-
CrCo (Fe, W) tetragonal phase. The brittle phase structure eventually leads to the failure of Stellite6 coating under long-time
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working load and thermal stress action.
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Fig.1 Surfacing layer peeled off from the steam turbine valve
and Stellite 6 alloy coated plate
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Tab.1 Chemical composition of COSTE steel
and Stellite 6 alloy (wt%o)

Rl C|Mn| S |Ni| Fe| Cr | Mo| W | Co
COSTE| 0.1 | 09| 03 | 0.7 | & | 105 | 10 1.0 -
Stellite6 | 1.2 1 1.2 3 3 29 03 | 45 | &H

1.2 ®WEHHHE

e SR MBI BB ST A 10 mmx 10 mm A9
FE SR IGHEATHT S R, LA B IS A 41253 H R
RBMNAE 280 ' 9 A o 7 A 1 A J Pl (HCL:
HNO:=3vol%:1vol %) 1 i i 3~5s, Fi| FH 2% 1 1
BiFIHC#5A X 52 AB 1% 53 Hr I (EDS) 137 & 5 49
1 HL 8% (SEM) RAE L A A ZURIAk 22 5y, R X
SR AT HHY (XRD) R A 31 35 4 R HE AR AR A 5 1 4
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Fig.2 SEM microstructure of interface between COSTE
steel and Stellite6 coating
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Tab.2 EDS analysis results of different areas in Fig.2 (at%o)

fi#E | Fe Co Cr C w Mn S Mo
242 | 355 | 182 | 171 | 34 0.8 0.6 0.2
197 | 255 | 281 | 202 | 48 0.7 0.6 0.4
369 | 263 | 102 | 21.1 | 36 0.9 0.7 0.3
214 | 194 | 348 | 168 | 51 0.7 15 0.3
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Fig.3 XRD analysis of the area near the interface
of the surfaced Stellite aloy
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Fig.4 SEM microstructure of the peeled coating and EDS line scan diagrams
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Fig.5 XRD analysis of interface area
of the peeled coating
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Fig.6 Hardness change of position near the interface
of COSTE steel/Stellite coating
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Fig.5 Morphologies of the fracture at the copper plating side

3 ahSitie

B F RO T Tl SRIEGAR A2 F 2
H A ] R Ry T i 3, i — 25 e T R A
B AL FE LA R AR I 4 R e K e 5 [k
FLORFF SR 5 F B bR R AN BT AR SME
RFHIBER, BRI A7 AE 53 S, W 1 2 B 1T
TGRI T2 TRIEWR A, BIPEWTZ—i e
FEARS Y, BT LA HERR FF 2402 o A 38 0
R WU . R A7 f P e A v ) e e = B8
JIELALL R AU = & B B ) B A T 44

L TF R FP BT A2 IR 4
AHAL LA Fr il | b5 | SEM I8 11 WK 4
SIRTRIE, MOBH UM A R NBEHERR S X A
R ah s I = A A R I O 2 R 8 5T
A UL ST I o P LR B 2 TR B N385 e AR 2 I
PRS0 X R A, SRR AL UR [ K
RICM, BEEBEHEARZ [ SLR i A R B A, Sk
VPR RS RGN, 7] A M KR (R 1) B
R BB A S S B R R —

(455 142 10)

[21  #&E, X B et %, Grade 91 Mt A AT 5+5 A 50
JE VRN I ANBAT | RIRFAAHDCHERIE[T. MR TR,
2021,49(9).109-118.

[81 #BbE,E &K, 2=EH %, ENICrFe-3 i I 2 X5l 5L 00 5 )2
B FERERIEIR ). $UINT T 25,2019, 48(4): 131-137.

[4  XGKE. PEITF 1000 MW ISEEHLIATTH LSR5 4T 5 b 3
[J. HIJre44oR,2019,21(1) . 60-63.

[5] Wu Y, Bousser E, Schmitt T, et a. Therma sability of a
Stellite/steel hardfacing interface during long-term aging [J].
Materias Characterization, 2019, 154, 181-192.

[6] Karmakar D P, Muwvaa G, Nath A K. High-temperature
abrasive wear characteristics of H13 steel modified by laser
remelting and cladded with Stellite 6 and Stellite 6/30% WC
[J]. Surface and Coatings Technology,2021,422.127498.

[71 Heo K, Zhang C, Zeng X, et a. Effect of heat input on weld
microstructure and toughness of laser-arc hybrid welding of
martensitic stainless stedd [J]. Journa of Materials Processing
Technology,2017,245.7-14.

T T, e RS TR A R —CREL, NFLHERZE e
H G B E R R B A LG =6
PRI | R O R RN 350 BEF Y
SR PR RETE VR R IS BN EAREDK , SRR PRI,
E 2 RE 7y L S SVt 3% SN I
JERERCR, A B A PR R AN S M B, T
Azl H R ol BT W B RS R 2K

4 it

(1) PR AL T2 R H 28 R i DX A7 ol 2R
80, L R TR A ABLG S 1t T 24 55
P B T2 I8 LA B9 A

(2) PR IR (H i R R K 31 & S pmif
SOMBLATT B A A FIE R, 10 B 8 B 1 )2
PEREARIE , CRAETA ST 197 i 56k B2 96 A2 [ A e

E S
(4 #KkSE. TR A T SRR 0T B o

[J. WABRE:  2020(5); 145-146.

[21 T TR BER . TR SCERU A N A e BT ] 0 R
HAH] . LK , 2016, 37(12) . 118-119.

[3] & MR, ERDEEE &L LNG N AR, 2 Sk T 2R 50y
(. AT, 2019,48(24).174-177.

[4]  TWHaRk, IR TR, FATR 2. 45 4N 5T H- R R ST
[J. #HNT. T2, 2019,48(6): 255-258.

[5] RN, INTLL, 5555 K. APRDRBIEAR IR [M]. dbat. i
ER2E I RAE, 2013.

[6] AZEAK, TG, AR, RS R M B 20805
Wr[d. MR, 2021,50(S1):87-90. |

[8] Henzler W, Sawa M, Trebicki P, et a. Influence of austenitic
interlayer on the properties of stellite padding welds after
impact-hardening [J]. Welding Technology Review,2021,93
(2):13-20.

[9] Raeev G P, Kamargj M, Bakshi SR. Hardfacing of AlS| H13
tool steel with Stellite 21 alloy using cold meta transfer
welding process [J]. Surface and Coatings Technology, 2017,
326.63-71.

[10] Khorram A. Microstructural evolution of laser clad Stellite 31
powder on Inconel 713 LC superdloy [J]. Surface & Coatings
Technology, 2021, 423, 127633.

[11] Brusk S, Schrey A, Barnikel J, et a. Steam turbine valve
hard-facings: experience and latest developments [J]. Turbine
Technical Conference and Exposition, 2014,45585. 1-10.

[12] Nasser A M, Abadir M F, Nam K T, et a. Synthesis and film
formation of iron-cobalt nanofibers encapsulated in graphite
shell ;magnetic, electric and optical properties study [J]. Journa
of Materials Chemistry,2011,21.:10957. |

-146-



