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Effect of brazing gap on microstructures and tensile properties
of K465 superalloy joint

WANG Hao', DING Ning’, ZHAI Zhiliang', REN Xinyu', CHEN Bo'

(1. Welding and Plastic Forming Division, AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China; 2. The
Sixth Military Representative Office of the Airborne Equipment Department in Beijing, Beijing 100013, China)

Abstract: To improve the high-temperature performance of brazed repair joints for service cracks in K465 superalloy blades, a novel
Co-Cr-Ni-W-AI-Ti-Ta-B brazing filler metal is employed to braze K465 superalloy with gap widths of 0.05 mm and 0.2 mm under
the condition of 1220 °C/15 min. The microstructure, elemental distribution, and high-temperature tensile properties of two joints are
analyzed. The results show that the brazing filler metal exhibits excellent metallurgical compatibility with the base metal, with
significant interdiffusion of elements occurring during the brazing process. The joint with a 0.05 mm gap consists of a y/y" dual phase
matrix with dispersed y' phase, as well as compound phases including (W, Cr)B, Ti-rich boride, and NiAl. For the joint with a
0.2 mm gap, the introduction of superalloy powder as a filler material results in dispersed and refined compound phases, while the
phase types remain unchanged. The high-temperature tensile properties at 1000 °C of two joints are comparable: the tensile strength
of the 0.05 mm and 0.2 mm gap joint is 383 MPa and 396 MPa, respectively, reaching approximately 70% of the K465 base metal.
Due to the favorable metallurgical compatibility between the brazing filler metal and the base metal, as well as the strengthening

effect of the B2-ordered NiAl phase, two kinds of brazed joints exhibit excellent high-temperature tensile properties.
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1 LBEHBERE

SLH S K465 miRA 4R I 1,
O SIE SN E 1 iR . K465 mild & 4 F %5
Ay Ay AL MC R MosCo Y MC R Ak
Yy A6 N /> & TCP AH 241 B, 1000 °C Bt $r 5 BE Ky
555 MPa'", 1050 °C F RE#S K IR & A%, T
TERFE I T g AR PR B A

F 1 K465 il 4 M Ni B 5 SR A2 a1 (BT 7350 % )
Table 1 Chemical composition of K465 superalloy and Ni-based superalloy powder (mass fraction/%)

Superalloy Co Cr Mo w Al

Ti Nb Zr C B Ni

K465 9.0-10.5 8.0-9.5

Powder 7.0-9.0 12.0-14.0 3.3-3.7 3.3-3.7

1.2-24 9.5-11.0 5.1-6.0 2.0-29 0.8-1.2

0.13-0.20 Bal.

3.3-3.7 23-27 3.3-3.7 0.03-0.07 0.04-0.09 0.006-0.015 Bal.

AR TAEE H B Co-Cr-Ni-W-Al-Ti-Ta-B £F %} LA
B NI ICE, AL X (8] 1148~ 1180 C,
K HINHEB IR R K465 miR & 4 AT Has 4T

SRy, B FRAE R ST R 25 mmx 15 mm>x2 mm, 1%
R B I OGS R, o i AR R AR R TR E N
0.05 mm A1 0.2 mm f9 [8] B2 /. 0.05 mm [a] B i
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Fig. 1 Microscopic structure morphology of K465 superalloy and its local magnification
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POy A AEATAE AL AR v, i ELET R Ta T &R
W RER & A B BT R Y BT & 4R T 4% X BEM ik
P, Ti Nb TR A AR, B2 8 A
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Bl 2 0.05 mm [AIBRAT AR 4L fOULZH 21

(a)4%3kd14;

(b)) (a) HRFHCR; () (b)) A KRR
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Fig.2 Microstructures of the 0.05 mm gap brazed joint

(a) microstructure of the joint; (b) local magnification in Fig. (a) ;

(c) local magnification of area A in Fig. (b) ; (d) local magnification of area B in Fig. (b)
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Table 2 EDS analysis for microzones in the joint area

Atomic fraction/%

2/([)1:0- Ni Co Cr W Al T Ta Nb Mo Morphology Deduced phase
1 37.1 284 189 27 98 31 — — — Gray matrix Y

2 186 154 331 159 37 66 — — 6.7  White skeleton Cr-rich boride
3 373 218 80 — 224 105 — — — Black blocky NiAl

4 — 2.2 12 34 — 664 239 29 — Gray-white blocky Ti-rich boride
5 35 49 548 263 — 28 — — 7.7  White strip Cr-rich boride
6 — — 16 56 — 619 233 76 — Gray-white blocky Ti-rich boride
7 257 329 277 1.3 33 1.5 66 02 08 White network v-(NiCoCr)
8 517 207 31 03 86 79 70 04 03  Black spheroidal y'-(Ni, Co)3(Al, Ti, Ta)
9 379 271 212 20 88 3.0 — — — Gray matrix vy

10 346 308 206 07 58 75 — — — Superalloy powder particle y/y’

11 72 69 56 27 146 488 104 38 — Gray-white blocky Ti-rich boride

12 420 208 96 04 213 59 — — — Black blocky NiAl

13 79 92 426 230 22 68 — — 83  White skeleton (W, Cr)B

14 43 74 508 122 — 98 20 22 113  White blocky (W, CnB

K3 0.05 mm [A]BRETIHESL TR A
Fig. 3 Elemental mapping in the 0.05 mm gap brazed joint

microscopy, HAADF-STEM) E 14 | JC % 43 7 & i SAED) KR INEL 4 7. HIEL 4 I, 422k rh A
N BE X HL, 117 8 (selected area electron diffraction,  ‘HAUIRAHFEZ 1 W, Cr. BJTR A, 454 SAED
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Fig. 4 TEM test results of the white skeleton phase (a) and the black blocky phase (b)

(1) HAADF-STEM images;

(2) elemental distribution; (3) SAED images
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Fig. 5 HAADF-STEM image (a) and elemental distribution (b) of the joint matrix
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Fig. 6 Microstructures of the 0.2 mm gap brazed joint  (a) microstructure of the joint; (b) local magnification in Fig. (a)
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Fig. 7 Elemental distribution in the 0.2 mm gap brazed joint

F3 K465 A @ FTIHEL 1000 °C T R 58
Table 3 Tensile strength of K465 superalloy brazed joint at

1000 C

Gap/mm  Tensile strength/MPa  Average value/MPa
0.05 422 383

304

422
0.2 393 396

402

393
“RRE R, X REGR P R R FLASVE R, AT

MR gt — Sy e MR T S AR R
0.05 mm [H] B 3k, T @i A &0 AR BURL Y A7
1, LA Y AME DL R AE S L2 /0 A0, 0.2 mm [H] Bz
S B AR E A TR P RE

K TAEH, Co-Cr-Ni-W-Al-Ti-Ta-B 47k} 58 4f
TS BI6 S AR A, — 7 T A PR T 3k b AR i e i
BE y FHTREC AR 1) yy SRR 2L, 55— 5 T i
FIREE P AEAE B2 A ¥ NiALAH . 78 5 iR P it 7
i1, (W, Cr)B B 4LIRAHVE R 855 XA Se i A= 4 /N3
9, bt N SIHK, TE yy BRI S NiAL A3 [H]
YERTR, A SIS RSt — 204 e, AT i 5 Tt

A 5 = £ [ n_d‘"
Bl 8 ANIFI[A] BT HR Sk TR P A T D TS0
(a)0.05 mm; (b)0.2 mm

Fig. 8 Fracture morphologies of different gap brazed joints

after high-temperature tension  (a) 0.05 mm; (b) 0.2 mm

P WRERRE ST o DRI, PR RIBRET AR 422 3k K AT
RAFI R AL PR RE .
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