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Table 1 Chemical composition of DD407 superalloy (w/%)

Cr Al Mo Ti Co w Ta C Si Fe Zr Ni
7.88 5.94 2.24 2.00 5.5 5.03 3.63 0.002 0.034 0.025 0.021 Bal.
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Fig.1 Schematic illustration of simulation defect and size of the

sample
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Table 2 Chemical composition of BNi5 (w/%)
Cr Co B Si C Ni
19 0.1 0.03 10.1 0.06 Bal.
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Fig.2 Schematic illustration of heat treatment cycle

WAL LA 5T I AN [] DR I 18] 1 48 B2 IX 5 BER 1) ¢
T 56 FEE o E S F T 00 2 B i 0 LI, RS 0.5 mm
B WP AR N 2 98 . R Quanta2000
R BT (SEMD XU A 1 oM 2 2R AT v 1
WLgE, JEH LR 2% 1 RETE 20 AT CEDS) Il 5E 5 i
B IO Z A, KA XRD XHE S XA it
AT AL



* 4350 -

Mty @A RS TRE

49 %

2 FEREG

2.1 EEXHR

B 3 ARl 90 min f Sl 7R R B8 S R (1 T
FEMIEH . MBI, 55 X A B sk . R
BNi5 & & REM ST BB EEATIE 5, (A1 55 1A
PSR EDIR A G 1 SE B R D, b R 0 S A
HRLAUNGR B o S A REAA (¥ DX 3, b1 i 8 B A P
Y FF 55 IR R 55, T R X sk T A R S
FOZ KSR I VPR o BEA 55 5T R bRz fu St 10 b A7 AE
EARAPIR R . 3D MEIE v LUR I, fEEEIX
B RERA 2 1) (4 LT A 3B A7 A — 2% B S R 4% 7 DX 3 43T
I, HTIHAN BNiS 545 DD407 A4 Ar Rk
o0 2 5, e R R B R AE T U R B
P, BT RINVE.

R RE— D WS A X T AL VAT 9T, R T AR
I BN R D IRAEAT T ORI 4 AR S,
30, 60, 90 LAK& 120 min IS8R 16 53 X ST B 1HOM 21
2l WP AT LUE Y, AN R IR R, ST mr LA S
93 J2: BNIS MU ARSI &R X . S S5 5 i X R0
DD407 I REAF X o JES5EHLEE [ X 3= 22 BNiS & a4k
Jii 0V H0 Ik R v S8 ] T BRI, T 6l g [ X
FEARIL I R P BNiS & & 70 32 4 5080 RER 8 13 1%
DX ek J pit T v ot L B o R 25 T AT DL #,
A 5 5 ] DX T BERA — 0 A2 R RUREIR R TVE AH -

tic precipitates

HL Bt A ORI IS T 5800, A7 R DR I 3 AH 1R X33 5
R N
2.2 BERXTESHSHEME

N T HE B A TS S X AR AT 2 SR I T B A A
L, K XRD A K SEM/EDS & 5 42 Sk 34T T 4
Wro 5 BT J A3 1) 5 min I A48 5452 3k XRD ik
W g, AR X AKX XRD MK Xk,
MBS BT, FEAE S Sk rh 32 BT AR B A A
& Si 1 NisSi A LA & Si Al Cr [ CrgNiSiy AH, [F] i
XRD T 25 S v ik B A I 2] p A IR AFAE

Kl 6 Sk L il A [R] if [R] FR 48 B2 X ST SEML [ o M
FORIAT, FE BNiS A& LT AR BUR K ORI
A, TR BNIS A e v Rl FE P B 3 AR
7E DD407 & 40 e WL 52 1 41 /15 IR ROREAR BRI 6
FribAH. F 22 BNiS G Ic 5 H3) DD407 &
GG . SCERERI, %X IR TE K2 FhAS [F
FEMbT A, e =Rtk O Tep AU, A

Repaired zone
his ! AN

Base metal

B3 LRI 90 min [ LA R 22 M 3
Fig.3 Typical macroscopic morphology of the repaired specimen

with the holding time of 90 min
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Fig.4 Typical optical micrographs of the interface of repaired zone and base material with various holding time:

(a) 5 min, (b) 30 min, (¢) 60 min, (d) 90 min, and (e) 120 min
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Fig.5 Micro-XRD pattern of the repaired zone interface with the

holding time of 5 min
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Fig.6 SEM images of repaired zone interface with various holding time: (a) 5 min, (b) 60 min, and (c) 90 min
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Fig.7 SEM image (a) and EDS element line scanning (b) of the

joint interface with the holding time of 90 min
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Table 3 EDS results for the areas marked in Fig.7a (w/%)

Point  Ni Si Ti Cr W Mo Ta Al Co

A 248 7.5 1.1 12.8 358 162 - - 1.8
B 61.7 103 4.0 174 - - - 42 24
C 658 19 14 103 62 28 19 42 55
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Fig.9 Schematic diagram of solid-liquid interfacial reaction
during TLP welding repair process: (a) melting of BNi5
alloy, (b) dissolution of DD407 base metal, and (c) start of

isothermal solidification
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Effect of Diffusion Time on the Interfacial Microstructures Between
the BNi5 Braze and the Nickel-Based Single Crystal DD407 Alloy
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(1. Jiangxi Key Laboratory of Forming and Joining Technology for Aerospace Components,
Nanchang Hangkong University, Nanchang 330063, China)
(2. School of Metallurgy and Materials Engineering, Chongqing University of Science and Technology, Chongqing 401331, China)
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Abstract: The simulation defects in the nickel-based single crystal DD407 alloy were repaired by BNi5 braze. The microstructures, precipitates
and element distribution of the repaired joint were observed and analyzed by optical microscope (OM), scanning electron microscopy (SEM) and
micro XRD test techniques. The results show that simulation defects can be locally repaired by adopting paste BNi5 alloy. A reaction interface
with elemental gradient and white CrsNii6Si7 particles is formed between the repaired zone and the base metal. The amount of the CreNii6Sis
particles and the width of the interface increase with the increasing of the holding time. When the holding time is 120 min, the interfacial width
reaches the maximum value which is approximately 224 pm. Only adopting the BNi5 alloy as the filler material is the main reason responsible
for the interfacial width increasing with the holding time increasing. Further analysis of the content and the type of the filler material is needed to
obtain completely repaired defects in shape and size. Moreover, further extending the diffusion time is also needed to achieve a uniform transient
liquid phase welding (TLP) microstructure which is a foundation for TLP repair processing of nickel-based single crystal alloys.

Key words: Ni-based single crystal superalloy; brazing repair; diffusion time; interfacial microstructure
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