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W OE

A OGRS REOGE BRI & S Tk, X 2013 SV MLAR 2t Jy #3547 1 3R ik

PEALPE 28 WA UL WIAH 73 A AN AR AR AL il e 2 TE B, WOLALBE S B)-& 2340/, 2RI iR ok
PEECAC B AT SE 4, I BOREE G112 & & R phvhde MU B3 . SKR A W T 38 m i itk AL T

FAF

KA HEEAS BOLKEER WOt it

PEESZES TG113.23 TGl46.1

WKL) T LIRS A4 R
K2 KR T2 2Cr13 44, 18 I 3 FK 35 ) o
drfERIE, RS0 H N R Ot e & 5 U
FiORBK, NGB B B R . i
JCM e, AR R R K RS R il ie
RAIROL A4 RIBHRSE S E A, H
A BORE SR AZETE, AAAER)Z R IH P
TRIR HIAR g R F AU ES & F SUEH 2 i
Ve AF RN, R BEIABIZER L JRABATXS 2Cr13 4
RIMBEATHOGAL B, (E ) b 2 45 3R 5 i
itk REm R R BT D ik, BATTx 2Cr13
PR EOG A UL BT T AR G

@Y

5.
A T2
1 LW H3

A BZ 5mm x 4mm x 15 mm IR AEIR
WA 2Cr13 ‘W . 3R 1 B I 2 s A AL 2
ACER, BRFE 3 4. B 1 A HIESE CO, B
HEAT R ERS . 565 2, 3 4156 SPH-Z/H 48
W ARWTIRIE S5 SR K IEWEIRIE, 73 AR
270.1~ 0.05mm HMWELEE G112 & 5h S gt
WC105 & k(A ek s Wk 1) TRAE 2Crl3
R b, AR T EE e R 2); #

@ YekHEM: 1998- 05- 25; &MEIHM: 1998- 09- 18 J]

HHIES: CO, BOGHRMAT AL . Fot s
R P A AR 2 75 94T PR AL 3 . OG AL PR IR H
SARY, BT 2N 3,
F 1 BIEEM AR (%)
Table 1 Composition of Ni based
alloy powders( % )

Powder C Cr B Si Fe Ni WC
G112 0.8~ 14~ 3.5~ 3.5~ )
powder 1.0 18 4.5 4.5 K14 Balance
G112
WIS powder
powder + 50% WC
pow der

®2 PWHRTZ

Table 2 Flame Spray technique

Distance

betw een Flame spray Oxygen Average
X pressure: .
specimen and speed/ Py thickness of
spray nozzle (mmes™ ) >y ene coating/ mm
/' mm pressure
120~ 130 40~ 60 49.05: 6. 87~ 9.81 0.8

WO 5 1 3 R, 3 H BB AR AL 1)
ML 2273, AT R R A 36 IR 2578 Oh Bl
1k, ULt eI M phEfE . F DHZ-1 B
A LR A MR R AL r A, A A H ok
W(SCE) 1E A5 Lh Ak, Pt H1E R4 Bh i al . H
REAAREEE N 1. 25mV/ s . 256 A TN AR BR R

B, o, 524, RIEER
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G3 B2k R RN 2 1R 7K BE 1 10% HaSOs ¥ .
SEEOR FE 25 £1 °C, WAL AR TAE T A
AR TR AL - 0.5V, BUFEHLFE 100 Q.
H D/ max-RC 2! X 5 26 A7 30 A BE 4T P9 AH 20 A7,
7t ASM-SX BY LR & BT B S % Al X
J§53 53T
3 BOLAETE
Table 3 Laser treatment technique

Distance between

Sal\_;np le  Power Scanning 1 focus and surface
o. / kW speed/ (mm*s™ °) e ot
0105 1.0 5 0
01010 1.0 10 0
01020 1.0 20 0
0135 1.3 5 0
01310 1.3 10 0
2135 1.3 5 20
3135 1.3 5 30
73 0.5 2 0
74 0.7 2 0
75 0.5 3 0
79 0.7 3 0
135 1.3 5 0
1310 1.3 10 0
83 1.1 10 0

2 SRWERS5HITITIE

B EMm RS, S J, &
N, BUERRAL B, UK, S &Sk, e
A YE R s, LB PE el ar . Rk, wr
DAFH 4 J 56 40 1) BH S A A T R R o B R o
FEifh Ik AE Y L P 1 RO S 2Ce13 AN R
Bt A 4 . vT LU Y 2Cr13 SN AEBR IR A
FUR AR 17 #heR), SOt RImEEAA RS,
P RAE B T i AL —liA i AR . A B,
01310 & 2135 W& FER Zdtik, 1 0135 RAE I EE
T BRI

e T HOG IR S B G, S TR
K 2Cr13 MR R AT, RES AN T
S ARG 42, BEDhERIG R, Al B,
R I TR S T, b TASA
Byspt, A4 S Ak r A S AH R, A ST
AR R ek e b, AT AR A 4 1 T e 2

BEE . LT RN, FRE XN R
PR B ) T i R AP 1 e 2
55 3% fhek) SRR PR AR R, B[R]
D, BEAERIEN, WO DT, Ik
TRPEREAR, 29005 BR A T BUN R AL
S HEATATAE, WA R i F v, A RS DXl
PERBE o R ULl il Ak BE T 252 B0AS [R) T AN
[F] . 2% 4 45 T OGS U I B e 1 BH A
WA I 2 A2 S8l . NPT B H,
BRI A S W it — R L O B
125 2Cr13 4N S AR J2 B bk i, Aot
YA G112 &4 Z BT IR T, L ABHR 21
P> T — R, L ok R R R O
MSOEIEEL Ni 3 WC105 & 4 1 b SCEE Ni
5 G112 Bammy ot ar, DR as 5 458
MERHOH L% . B 2 FHAWEREA
e, Lz, SEAER R ENMEA S,
TERBS A TAERS, B 8 AR B0RL 5 % J63 ol
W W IE S AR R TR 1 AR FEA 22 T B 4
Je& i, K O ARG JE E h . 5 — 7 1 DR g
WRER M A 2 AL, SR BARMPTT o) .
ZPOCHESG, PIREAREE, BN,
TALER, SREEESEER TIHE46(K 3) .

X YOG d B Z HEAT X 2 AT 5 AR ) b
(Bl 4), EPMA [ &l 5) Ao 43 Hrds o,

1 #
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Bl 1 WOCTER2C13 HWHTE K B AR AR AL 2k
Fig 1 Anodic polarization curves of 2Crl3
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steel before and after laser remelting
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R4 WOCKEBURIE S 5 R BH AR AR AL S50 45 R
Table 4 Anodic polarization experimental results for laser clad Ni base alloys

Critical Critical Keeping Keeping Width of
Alloy No. passive current passive passive current passive passive zone
/(mA*cm™ %) potential/ V / (mA*cm™ %) potential/ V AY
73 14. 40 - 0.16 9.00 0.02 0.20
Clad Ni 74 0.94 0. 10 0.70 0.22 0.20
base G112

alloy 75 15.96 - 0.11 5.20 0.05 0.22
79 6. 18 - 0.14 0. 88 0.11 0.20
. 135 5.91 - 0.01 1.92 0.08 0.20
G o4 base 1310 5.24 = 0,12 2.51 0.20 0. 60
oy 83 0. 93 - 0.31 0.51 -0.22 0. 20

Coating of Ni base
G115 powders 269. 83 0.21 154. 54 0.33 0.37
Gt ing, uf NG b 8.26 - 0.39 0.51 - 0.27 0.3

WC105 pow ders

(a) x y(ND
Pay Nl3Slz %
v CrB
¥ FeC a

B2 AmiiR)zE SEM SR
Fig.2 SEM morphology of flame

spray coating

100 80 70 60 S50 40 30
26/(°)

B4 BOUEBHRE G2 A8k
WC105 £ <) X I S AT 3
Fig. 4 XRD spectra of laser clad Ni

B3 BoumBUERESRERS G base G112 and WC105 alloys
Fig. 3 Interface between coating and (a) —G112; (b) —WC105
substrate after laser cladding e 4 BRI v(N ) NisSi, 5 NisB,

WOLIEHEREE G112 54 2L, Y(Ni), NisSi CrB J /b & FeC H AL G421 . H TEM W
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(a)

Bl 5 WotBERE WCI05 441 EPMA [HA#E
Fig. 5 EPMA planar scanning images for laser clad Ni base WC105 alloy
(a) —Sex750; (b) —NiKy (¢) —CrKq; (d) —FeKaq:
(e —CKg (f) —SiKg (g) —WKq (h) —BK,

B MR 4RI FIEE(E 6), & X B4k
J R TRT S A 2 BT 3 AN B L bk e g & UL 1K)
M;Cs 8% MosCe ALY, FARFE—D%E .

BIE WC105 58 a 42 L Y(Ni), NisSi ol
B, HOBCE A Y(Ni), NisSi, NiFe, Cr3Ca,
CrB, NizB K /b FeC 4R AL mA R . 5
ANEF e PR K /N E S S AT AE Y(Ni) JE4E
R WC AFLE, BT &R, EHE 2w TR
B Fe, Cr, W, C I Y(Ni) i 0[] V5 447 ot [
R =R AT A .

BOCALBL S, #3544 FCC y(Ni) it i
RS AR BIAFAE, o] A6 EE 22 1) 58 —AHAT H,
MRS T A R ik, A AL e B e A | )
BT v(Ni) TP T 2R A B TR Cr,
BRI B R E 1) Cr05 BIALRE, & T

FAR HLAZT, BELAR A O 1) 2R T

E6 HIESETIHKMDI TEM BF 4
Fig 6 TEM BF image of eutectic carbide
in Ni base alloy
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S RELT <2 e R B AR I R . W o2 [ s o
R, B ENIERR T EE . 534
VA0 3R ORHE Ni 742K, ATiin v
(N) ] A ) e B e AR . R AL A AR A7 A DA K
AR NSt ® S « BRAG i H I,
S e 2 Tomtb(E 7).

B 7 v(Ni) s o i o6 e B4 4
Fig. 7 Dislocations passing through bend

extinction contour in ¥( Ni)
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CORROSION RESISTANCE OF LASER
CLAD Ni BASE ALLOYS

Zhou Rong, Zhang Xiangbao and Si Yunsen'

Department o Materials, T Basic Department,

Kunming University of Science and Technology , Kunming 650093, P. R. China

ABSTRACT The laser surface remelting and clad Ni base alloys being used, the surface of last stage blades of 2Cr13 steel in

steam turbines was modified to improve corrosion resistance. The microstructures, the phase analysis and the anodic polarization

curves were examined. T he results showed that the microstructure is more fine and the surface possesses better corrosion resistance

than that before laser treatment. The optimal processing has been given for improvement surface corrosion resistance, through ex-

periments.

Key words Ni base alloy laser surface remelting laser cladding corrosion resistance
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