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Abstract

The sealing surfaces of nuclear power valves are susceptible to erosion, corrosion and fatigue dam-
age under prolonged exposure to high-temperature, high-pressure media and cyclic loading. Con-
ventional replacement maintenance, however, suffers from extended downtime, high costs and op-
erational constraints in confined spaces. This paper presents a comprehensive review of surface
remanufacturing technologies for nuclear valve sealing surfaces. The performance characteristics
and applicable service conditions of Fe-based, Ni-based and Co-based repair alloys are summarized
to guide material selection. The process characteristics, metallurgical quality and service reliability
of laser cladding, plasma cladding and gas tungsten arc welding are comparatively analyzed to in-
form differentiated repair strategies. To address critical defects including porosity, cracking and
residual stress in deposited layers, the mechanisms and efficacy of auxiliary processes such as ultra-
sonic impact treatment, laser remelting, substrate preheating and post-weld heat treatment are dis-
cussed. It is evident that laser cladding has become the preferred technique for precision repair of
nuclear-grade valves owing to its low dilution rate and high dimensional accuracy; moreover, an
appropriate combination of post-processing and auxiliary treatments is essential for achieving
high-performance remanufacturing.
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Figure 1. Hardness of 3533-00 Fe-based hardfacing alloy coatings at different laser cladding speeds [4]
El 1. TEMCLIAEERE T 3533-00 SREERE SR BOEE4)

T 3 AR S Vet Xt 1 1) 258 3 T SR P 45 58 A 78 BORAE 45 NIRRT H 45 T Feds 542, HPRE
SER) R IAE] 629.76 HV, i Alik 715.40HV, SBETF 7 REHm KA ST 1, NE
JE 25 TR I T RE 348t T HoR itz .

22. RESE

BEA SR U NIR, BRI Cre Mo, Nb S C R SLE s, HeH s, i Sk
P, AIEE 650°C~1000°C il X [AIF2 8 IjA%, T V2 N T-REIESN 77 MU iR S i AU S ek, 78 Tl
N FH LA B A [6]

Feng %5[ 712K F WO G378 HARLE S i 5 IR R THi 1 % Inconel 625 #3564 41%)2, ERIRIAEE ML
PHONEZE, 550°C. 600°C K 650°C A& 43 71k 236 HV. 203 HV K 195 HV, &3 & T HIUEERIER
TR . NSRS X A% R & 1 IR AR AN S, SRATBORIE B & 4 C276 M ARIB R
W, IWEESEMERRIFGESE, THEFLNRS, S=IRMEEL 290~320 HV, BHEMIER 20%, #it
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RSOV EE O R G 4 I ) T v I B A R B IR, AE INT18 A4kl FIEm(Ti + A S &
H4 IN718im2 A&k oK, I WOCIE B ERTE 304 REFEWNEM LHI%IEE, HAIE VX8 E % 40HRC,
PLhiomEE 998 MPa, 700°C Y XG ifE T+ 42 S4HRC, H iR BHi =AU 0.024 mm?,

23. HHEESE

B A LB OV IRE, BN NI Cry Fe 8RN a&AR R, HAMRIETTHE. i
PIME R il WP T JES P RE ) ML THREEL RIS AU ORI 10]. Stellite 2512
WRIE RS, S RN VE LR 1

Table 1. Chemical composition (wt%) and application scope of typical industrial Stellite alloys

1. Tl E8aAY Stellite & & IR 53 (Wt%) K R FSEE

fi = HRC C Cr W Ni Fe Co M
Stellite 1 53 24 295 125 25 25 Bal i E RIS B R S
Stellite 4 48 09 320 135 05 1.0 Bal iR PR
Stellite 6 44 12 290 46 2.5 25 Bal iR )BT REIHLATEE
Stellite 6Z 40 1.0 270 40 2.5 25 Bal BB, AR RS
Stellite 21 20 025 270 015 25 2.0 Bal REHLM . PERHLEEHER] 4
Stellite F 40 175 255 120 225 115  Bal HBHLEFRIR. RKERS

Ding Y. 5[ 1141 XoF 42 il 160 25 df Th0 Bl B 5 85 14 AN J2 % 2 R4 I R, R FH ORI 78 B R i1l 4% 70% Stel-
lite 3% +30% Stellite 21 IR EIR)ZE, ZIRIZTE 316 AFWEM EIRA, FHRIELE HRC50, iR
So XUARS S 12 B ARG S K L IR TGN, SRS Stellite 6 B3 & & TIEE, WHEE
PL y-Co [EVEAR N, RAMEAEKFRBFHE. ML 450~500 HV, PLE5HE 1246~1582 MPa, =
A2 40~60 J, SHM LGS, ERETEHmSEE TR,

{ERBEE[ 131616 17-4PH YUIE LA ES AR I /K b ik BE B TH 75 5K, SR IO 78 B 75 HL R 1 1) 4%
Stellite 6 £53E A &IR)Z. 45 REW, BRIETIMEEIE 499.7 HY, BEEE 561 HV, ZUNEME 1.4 1%
FEJE 77 80 MPa. JRFE 80°C /Ky i 30 h 2541, FEM R H L™ HAT BV IR AT /K Bt (e IR FE 2.44
um). Q15 2 fiR, 2RI R EVIE, KGR ZE 1.19 um, 0RO 27%,
BEETE T TR AR N P ik 5 i B R 7

Figure 2. Morphologies of micro-surface water erosion [13]: (a) (b) 17-4PH stainless steel; (c) (d) Stellite 6 coating
2. BOMEREAKMFESR13]: (a) (b) 17-4PH FEEHR; () (d) Stellite6 &2
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Figure 3. Microhardness distribution of 3 mm pit repair welding [15]

B 3. 4ME 3 mm Mt EEEE 5 7[15]

Kumar 5[ 16 R R MR A E T 275 AISI 1020 HEM K[ % TiB-Fe EA%E, KMBEES
B S A AFAE R S SLR SRR, VRS2 G o s RIS BT TiB, B0k % Bt i T8R4k, 15
ThEEE S AR RIS AR A AN, SEUSE R R R WS, ROREEREIA 1250 HV, &KX 400 HV;
WAk, TiB, BURLES AL 5 R AR BUER ARSI R, FERE AR P O RS AR, 3R E R AR
P& AR BEVERE DAL » Debta Z5[17)K FIASHE A T E7E Ti-6A1-4V A 4R H] % TiC-Co HAERE, K
WRERESEMIER T E&EE, (BB Z Y7 7E L0 AR L, JCHAE S X8 A
[FI T TIiC 5 Co BRI FE 2 5t S AR S 40 A, S BEUSE Z i Imtir P28, Rl B2 7 A A8y, H
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Yised, GTAW TG &35 ARV rT ik LY, IRIEAR S ARFRECK B R R A EE 5, E IR ER i B
(5] Bt DX 3 DA S A 3800 . (RIS A B2 IR, 7E 52 RS (B A DA R I AR IR IR RS, i — DI T
HAEE H N 25 v (1) S FH (18]

DOI: 10.12677/met.2026.152018 174 WU TR 5


https://doi.org/10.12677/met.2026.152018

Liae %

SOD =5 mm =

15kV

Figure 4. Cross-sectional morphology of cobalt-based overlay by gas tungsten arc welding [17]
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B F# R I 78 (Plasma Transfer Arc Surfacing, PTA) & DAl B B @ A& 2 FIICN IR, LA &8
KNI TG R AR T O3 M SRR [19]. TENUUEAR « AR 40 MWL R 48 8 3L RE R R, 58115
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HPERE TR .
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Figure 5. Profile images and cross-sectional curves of wear tracks for alloy coatings [20]: (a) Tio, (b) Tio.s, (¢) Tio.s, (d) Tir.o

E 5. &ERRERREHRERE G LEBL20]: (a) Ty (b) Tioss (¢) Tioss (d) Tivo
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Figure 6. Wear test results of coatings and H13 steel at different temperatures [21]: (a) Friction coefficient curves; (b) Wear
rate and average friction coefficient

E 6. RES HI3 WEREIRE THBIRMIRER21]: (a) EERREL; Ob) BREREHEERY

HFETHEBRBRABIANE D AR B AP ROR R RS AL 5 TSk
BUHUB AL b E B LSRG RE th b S B AR B D | SLBR SRR S A VAL - SRTT
IR ARG, T2 B, WRBIRE B AEA L, BRI R R E
PEA IR RN T2 R S5 sh U, R T s SOk SRR s, By Bos e & s
G RINGTAE FL S RE, A2 W [1 8 b 1 22 2 N v 7 7 ) 2 R LR R P P I SR DT 9 42 ) e [
B, — R BRI AR . RARMIHER R 2 R [22].

3.3. BoeiEsE

WOEHE 7 (Laser Cladding, LC)F H = g 5% FE WO G HU4R OB ARADRE, A FCBROd s Ak I 72 ZE M R 11 TR 1
JEith s TEXSIXTRAE T, IS EM LS EMR SR &R IURELE, ERuA S EIRE123]. HBETAH®E
FERMR, il 4 B 78 2 Hh FLIR 20 R 2L 0T ) M o

Ostolaza M.55[24]7E AISI H13 T HANEAH FEOGIEE 7 DhREFLIE Stellite 6/WC & B EEE GIR)Z, %
W IE BA D 0 =0 S T B RE . s 7 PR, WOGHEE Stellite 6/WC IRJZ1E 400°CIF4Z AISI H13
TR PERL 54%, BEE REPFRL) 65%, RIMEHEF 2 STHRC (B AR S 2 12%), WEN
T R B B

Dowling F5[25]7E Al6061 f8G 444 73704578 Inconel 718 Nitinol 1316 L A454M. HELT
RACHIEAR, = FIAE Z 0 LR R R IE I 70%, KIKIE 84.66%. 81.48%F1 72.95%, &34 0435 T 45
Gk EMERE . Borhani 55[26]7E 42CrMo4 AR OIS X2CrNiIMoN22-5-3 XUHANEE N . 1578
SRR EAIIE—0.65 V, BOSHAE A0 AL AR 2 5 IERE 390 mV A1 550 mV, #AJ)5Fa0E 1 2 25 1
Sy [FIEY, AR R TE A 2 0.00095 mmpy, K TIEAAR 0.33 mmpy, SBEESEE 1A L EE
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Figure 7. Cross-sectional profile of wear scar [24]

7. BRI AR e ER[24]

PO BORAES A AR A BRI, SZER T OGS EL RS SN S 4R, DU DUHRIA R
JEHR s [ A OGS 5 2 AR BOE T RIS NAE . BOLSCRA TR, 5 R, AL
B2, 2 FAERE 3 IR 1) 9 B 2 P AL B (23] (HLEVATHT S, OB BA R NPT, mTi&
MZ MM AR ENY, CWENIEETZNHATEAEE .. KMk, G0 fiE A S 2
e AT

BOGIEE . SETHER . EREIURRE KR T, LS. SRR &N VERE IS 2 Fr.

Table 2. Advantages, limitations and applications of common repair methods

*2. BREERERE. BREENA

(CEWIRFS s JRfR A
P TR BT BRAE RS IR Wik ORI BN B N4 145
JEAE . BaEIRTF TR
ER T HER M EHTEE M ECR G S e KT ARBE T SE AR . i W 1) i )
— . RSN T &R YEE
Botraa FERERT . /AN MRERIR AR, S ARSIl BRI E EHE. SR

8 BRI B Y

4. ERMEREMAT

BOLIRE TR BORAENS 0B 1R T IR 3 B T A IR E RE (A7 = oL AL R Az ] A2
FRANL I R EE R B QBB R R . SKBRRIERE 5T S L30T, WU T 2R T2
A7 LS

4.1. BEATALIE

i 75 ph i 4 3 (Ultrasonic Impact Treatment, UTT)F FH &5 3006 75 PR 2 9K 2 o £ v i 1 o 1A 78 )2 3R 1
FESREFAERIZUBEHATE, ERYUOK SN SUE)E . %12 EE SRRSO 8. vhd
PR AR I N 337 U AR R A R TS AL, IR P e ey R b N b s, 1R S A
w27].

P AL FE I S R A AT E R R . AN RATREK LS ARG, BERS
KR A S AEMLA R E, HREEUR4aHaeds R4, EHENE T XAEIIRZR ., [, A4S
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2% AL LT TEAR I T Wi R PTG PR RR ], FEAZ I S5 R s il PR T ARG S8 1R 5 4R A A £
AlE. RAEAAAE LIRIRE], ZER R R . PR S T4 s Ta A5, B i
AR IR T2, B I ST AR FEAL o

PO 285BI ALTTAR CrCoFeNi il & A7 A S RIRAL . FRARBLIN A K AL RS
MR R AN S BRI, R ph i B AT R IR . ACPLJS & SRR — IO SLTT 45K, 3RZ T G AN
dn B B AR, WA RURSAL MR RCRAL. BCERRE R RN R AR BN AR R AR
R2A7, RAAEEESRTE A 391.8 HV (14 8), REMAE EERFEIRE . BLAN, HUMERSIIEREALIA R = 55
PRI, PR R AN SR AN S SR, 3 DR R IR
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Figure 8. Surface microhardness distribution and residual stress distribution of high-entropy alloy before and after ultrasonic
impact treatment [28]

El 8. BEAGAERESHEEEREEMBEES T ERRAN NS H[28]

B IRIF 2R ABOCIBE RN & Ni B2 I s il b B . B 53R BV R e, ®
JETERE S5 pm 402, A RUESERERUNIL. MBIMERLY R, AR EE REEE, B2 BRI
FE R I% 57.9%, i R E ST .

4.2. BHNEIR

WO HE A% (Laser Remelting, LR)/2 X CLil & 068 2 AT RO, R ZEIEIFIudstE, %
EEXFA AL Jede ARG A EERFA[30] 0 dHIE FAR AT A4 3R A IR TS AL AR SR AR AR 2 55 A
TERL, WA Tez mbT, TR S SRS s 3L A, R PR SUUE M . EIE S BT I ) A IR
DB TR BB, ORFEISE JZ BT . WOLE A IS SEHME FE RGO G ES TR I 4% | R &
EESEMEE, hRRTEERR AL, o s S BER T BBt [30]; AR EE AR
PRGN E AN, IR AR RS RAR . ERZSERIAIAET, S ifae 2 2 RS, —
BN 224 R FRGE I X I E IR B A SR A B SO AL, X Bl L 245 i 2R3

Dong T.Z¢[3 111X} AlCoCrFeNi fmifii & 42 JZAAE I FLIR(FLBRZE 4.8%) REUR T ARG G 55 BRI o
KABOCHEIBAIS, REFLREREE 03%, REEEARHR, RMEBIEEL G, A LR S 5
(A 9). 900°C FiR A 100 h 5B AR R A E R M, WS RTHREN R

Li L.Z5[32]41 %) APS YAG iR EAF/ERImALIE . BRI S50 S b f & B E . KA EIE
RS, RIZFLBRZE HH 6.9% % 2 3.2%, JZIREEH 58 2 H R« SR THAEFE A 8.5+0.6 um [#2 3.1+0.2 um,
THERL, SRERTE 95%Ll L, SEESEWREEEENE.
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Figure 9. Cross-sectional morphologies of coatings [31]: (a) As-sprayed coating; (b) Remelted coating

9. RBHEBEFIR3]: () BUIRSRE; b) ERERE

43. HW@EITZ

FEARTIE — PG B SCE IR BB 77, R BE A RS RIS A b @ X A AT T T
A BRI LR R, /NN g, & T AN RO R B RE IR B, R Sl A R EUY
FH PR AN G o EE . DU STt B s, KB T TTATS T - B sk @A B, fekem. K.
RSSO TS, SRS Was FfE, HEiRfE e s s, HEErEE %,

Gradzik A.Z£[33]41 %] Inconel 718 &4 3EM UK Stellite 6 I 5 t LA G B FA R 10 R, a8 K ik
M 200°C LLE, FEBEOLTHERZE 22.6 KW/em?, ¥ K 5.8 g/min 245 F, BRI A GHE.

PAL R IRZHL SR I G A T2, B ik A N ) S SO A . I B K b HE
A RURARIRA N A7 A0k SR B TC R A A . DU SEREAE SRR, (EAZ A5 B IREE ~, KAL A
A, BRI A EE R, B UL, B T T e E LT 4.

Zhao X.5E[34]51%T Ni6OA BOGKEE &2 I AA7E IR = iR AR B /1(781.63 MPa) il i, i8R KAk 3
BHREALR T . 800°CIB K G ik AN Sy W% 393.83 MPa, [FJI fbidiifl,, SEEEMIE NIE Ui/ 4, EDS
RRESE B oo R ek fkiani, RTHEE 24 a6 ERe.

5. &g

1% LI T B B T ORI A L 2 4847 BRARYES A B BB S ASCGRR TR L IR )
HHBERGEER. St EIERGBEEHEOR, FELEEBWT.
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