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Fig.1 Steps in powder metallurgy repair process
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Fig.2 Morphologies (a~c) of the K403 blades before and after repairing and XRD patterns of repaired areas (d);

(a) damaged blades, (b) repaired with +A powder, and (c) repaired with +B powder
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Fig.3 Microstructures of blades after CPM repairing: (a, d) macroscopic images of repairing with +A and +B powder;

(b, €) microstructures of interface; (c, f) microstructures of CPM areas
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Element Zone X Zone Y Zone Z Zone Q
B K 78.11 65.83 48.65 57.05
CrK 14.48 28.75 13.42 24.04
CoK 0.55 0.86 3.45 0.68
Ni K 1.40 0.44 7.41 9.62
Mo L 3.07 2.02 - -
WL 2.39 0.38 25.24 0.63
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Fig.4 Curves of element line distribution on the repairing interface areas: (a) with +A powder and (b) with +B powder
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Fig.5 Simulation model of interface bonding
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Fig.6 Diffusion of the diffusate within a Ho-width in an infinite
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Fig.7 Simulated phase diagram of K403-B system

HR[21,22]0F 7R £ B, B MY BUSIE RE Q=248~
266 kJ/mol, Hi:

D= DO expi%T ( 5 )

AT A BIEAR S T B fER P Y A% D, H
Do=0.81 m?/s!®!, Q=248 ki/mol?¥, A#f%Hh CPM L
2R 1200 °C, FULTHEAS 1200 CHITE K403 H
(R4 B R 2 Diggo o

D12go ¢=1.3X10° m?%/s

R4E (), Co NiEMIEL KPR B WKE
9.96%, d ANZ[REAE 40 um, THE S E B R
4R T O R 45 RE 1200 C IR T T AR I A N
t=1.55 ho BRIMLAAT, ASLIR AN & &£ CPM L
U S ORI IS 18] R DLFR IR R L I BE DU R .

3 & B

1) CPM J5 £ 7] T K403 i & 4 sdm mh A iR
JFE5 .

2) HHEIMRAMENASNEERRESH K
Al AR K403 i 2= 4 KL .

3) JLE B M HON AR S X 250 b A0 S TH % 2 i
HEAMEHM, W KERRBA NigB+(Cr, W)—
y+(Crz,W)B3.

4) THEHAE 1200 °C R F NG O TR A i 5
TR R NE N 1.55 h, CPM L&4& M4 T, Fim
X PR B A P T DA B 2 3k R B DL R

2 ik
[1] Zhong Zugui(#F#HL4E), Shi Changjin(52 % HE). Materials for
Mechanical Engineering(§L% T F£ 44 %})[3], 1985, 9(2): 15

[2] Keller D, Resor D. USA Patent, USA4098450[P], 1978

[3] Zhou Zhuohua(JE F.4E), Zhu Peidi(%1%#). Journal of Materials
and Engineering(#1 £l T #£)[J], 1996(1): 32

[4] Zhuang Hongshou(F: {8 7), Li Xiaohong(Z=MR4L), Zou Xi(4R
{&). Transactions of the China Welding Institution(J& 4% 2
#H)[9], 1990, 11(2): 99

[5] Idowu O A, Ojo O A, Chaturvedi M C. Materials Science and
Engineering A[J], 2007, 454-455: 389

[6] Ding R G, Ojo O A, Chaturvedi M C. Scripta Materialia[J],
2006, 54(5): 859

References

[7] Pang Ming, Yu Gang, Wang Henghai et al. Journal of Materials
Processing Technology[J], 2008, 207(1): 271
[8] Chiang M F, Chen C. Materials Chemistry and Physics[J],
2009, 114(1): 415
[9] Li Xiaoli(Z=IE %)), Liu Wenjin(X|324), Zhong Minlin(h
#%). Applied Laser (57 FH#%)[J], 2002, 22(3): 283
[10] Liburdi J, Lowden P, Ellison K. USA Patent, USA 5156321
[P1, 1992
[11] Rob Sarling, Joseph Liburdi. ASME Turbo Expo 2002[C],
Amsterdam: American Society of Mechanical Engineers,
2002
[12] Wang Maocai(F £ 4"), Zhang Jie(5k 7). China Surface
Engineering (' [¥ % 1 T-#£)[J], 2010, 23(1): 80
[13] zZhang Jie(ik 7%), Wang Maocai(F /%€ 4"), Zhai Yuchun(i# &
%) et al. Hot Working Technology(# il T. T.Z)[J] 2009,
38(7): 1
[14] zZhang Jie, Wang Maocai, Zhai Yuchun. Procedia Engineering
[J], 2012, 27: 1774
[15] Li Yuqing(Z=EiE), Liu Jinyan(XI## 7). Interstitial Phase of
Superalloy( & L & 4 & F¢ 18] B A7 )[M]. Beijing: Metallur-
gical Industry Press, 1990: 191
[16] Gao Chunhua(f#F ). Journal of Jiangsu University of
i, BREEERR)[I], 2001, 22(6): 45
[17] Guo Gengchen(¥k B J<). Liquid Phase Sintering Powder
Metallurgy Materials(¥AH 54454 K16 &4 K [M]. Beijing:
Chemical Industry Press, 2003: 7
[18] Xia Lifang( 37.75), Zhang Zhenxin(7k#E13). Diffusion in
Metals( 4 J& & 17 ™ #%)[M]. Harbin: Harbin Institute of
Technology Press, 1989: 20
[19] Gale W F, Wallach E R. Materials and Technology[J], 1990,



FEoH ik A% K403 RS &HIRH A I R &ikie R © 2227 -

6(2): 170 [23] Nishimoto K, Saida K, Kim D et al. Welding in the World[J],
[20] Huang Qianyao(##%5%), Li Hankang(Z=iX ). Superalloy (5 1998, 41(2):12

%4 4)[M]. Beijing: Metallurgical Industry Press, 2000: 18 [24] Zhang Xinping(5k#r°F*), Shi Yaowu(52#EE), Ren Yaowen
[21] Li Xiaohong(Z=1%4T), Zhong Qunpeng (¥ &£M), Cao Chun- (AE#ES0). Journal of Aeronautical Materials(#i 7S #4 Kl 2

xiao(‘# & 1%). Journal of Aeronautical Materials(fii % #1 %} #H)[J], 1996, 16(3): 50

224R)[J], 2003, 23(4): 14
[22] Nishimoto K, Saida K, Kim D. IS1J International[J], 1995,
35(10): 1298

Repair of K403 Superalloy Damaged Blades by a Powder Metallurgy Method

Zhang Jie'?, Zhai Yuchun', Wang Maocai?
(1. Northeastern University, Shenyang 110819, China)
(2. State Key Laboratory for Corrosion and Protection, Institute of Metal Research,

Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The damaged K403 superalloy blades were repaired and remanufactured by a powder metallurgy repairing process (china
powder metallurgy, CPM), using nickel-based superalloy powder containing a small amount of B alloy and nano-Ni powder separately.
X-ray diffraction, scanning electronic microscope (SEM), EDX, and EPMA electro-probe were employed to investigate the phase
composition, morphology and microstructure of the repaired areas. Meanwhile, performances of repairing areas and interface bonding
were evaluated. Finally, the mechanism on the densification of repairing areas and the bonding of interface were also examined. The
results show that the damaged blades could be restored to the original shape and size by CPM process, using appropriate repairing powder.
In addition, it shows better properties using B alloy powder addition for K403 repairing. The diffusion of element B plays a key role in the
densification of repairing areas and bonding of interface, in which the reaction equation could be expressed as NinB,+(Cr,
W)—y+(Crz,W)B,. According to calculation, in the CPM process, the concentration of element B in the interface could be decreased to
below the eutectic concentration.

Key words: powder metallurgy; repairing process; K403 superalloy; blade
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