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¥ %, FIA) N Co 102, Cr88, Ti47, Al53,
Mo 3.4, C 0.2, NiRfE. NLH KAL7G & &K IR BT
FHRIERE, HAMEBERH AR SIKESRESm KRS
M. — Fl 2 5 BEM B 2 A LR & 48 s B R
(high-melting powder, HMP), #} K #1452 <100 pm, [& #H
iR EH 1235 C, HEZMH =5 N: Co 7.5.Cr 14.5,
Ti4.4. Al3.8. Mo4.3. W29. Nb15. Ni &, %k
RAE IR A, RRIE SR A—Ma &
JGE R JA s K (low-melting powder, LMP), #14£<80
pm, J&RA 1099 C, HFEEAZEMSN: Co18.8. Cr
12.6. Al3.5. Zr8.8. B2.8. Ni & . %M KA =N
JEACIEALE DR I 2 R AR SR IR BRI, 7 KA R AT 4R X
(wide gap brazing region, WGBR) &5 5 4L [ 44, sk
Dl R s . R = 4EIRM ALK 2 B & Sk R A
A OHC EE AL TR & 24 h(Fr 2l Ar SRS, 1% ET R

KA 4 BpAS [E] 4 B EF R Ni-14 Ni-2. Ni-3 1 Ni-4
IR KA17G & 4, A Be b LR 1, SR S5 1] [ H 20 mm.
B ITCRM RT3, 4 MEF RG4S B & (R
%) 4354 0.03%, 0.08%, 0.14%, 0.20%. 4
FRE & ZER (DTA) i R Ni-1 BT
B AR IR FE N 1252 °C, SE4HE AR N RGN
1323 C, BEEmIL G M AR LRGN, e N
TR BRI FE AR AL BA S, (HL 4 R R 4 [ A AR IR FE AN
WA, s a S RIIRCL Y 95%, FFR&4
B AR AR T 1181 C. 4 FhETRIG M £R 15t
T 1.

VWA SRTF I 4 FREFRL 0 B T 1R4%E . K%
Be i BORE BN HP-12x12x12 FL A5 R b b, BB 3%
HZ AT ISCRR[14], HEIn 20 MPa JE J1E4RFE, W hr
P L FE R AE 5,010 Pa LA _E, BEJELL 20 C/min [
BRI INAZ 1200 C, fRIE 30 min JFREAH GF
PR BEANRIR IS (8] 228 SCHR[14,15])

F1 FRERSECEL. ERETREMRELRE
Table 1 Composition ratio, solid-liquid transition temperature,

and liquidus temperature of the mixed powder

Ni-1 1% LMP + 99% HMP 1252 1323
Ni-2 3% LMP + 97% HMP 1204 1315
Ni-3 5% LMP + 95% HMP 1181 1306
Ni-4 7% LMP + 93% HMP 1177 1296

FFE S BIRE S IR SE R V)T, WL SR H
T f1l 7 f B ki (20 g JE7K CuSO4 (AR) +100 mL HCI
(AR 37%, &%) +5 mL H,S0, (AR 98%, Jif
540 +10 mL H,O) X RE S SR T AT & ik 40~50 s. K
FH X S A7 5H (XRD, Shimadzu-1610 D8-Advanced)
o 82 3k B A 4 BEAT b o IR R 4 4 R B B
(SEM, NOVA NANOS-EM 430) 4223k ) 3 o 2H 2 3k
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ST 3 BB R BORE [ AR 43 B~ 248
B IR 73R (FIB, FEI NanoLab 600i)F1i% &f
B (TEM, JEM-2100F)ff 7145 Sk S AL AHAH e N T
VRGBSR I 1 RE, R T A il 5 Al (Zwick/Roell) Xt
HERARRE AT FIEA 600 CHAHFMIR, HIHEE N
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AR B 3 IR R

2 GREHMH
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W). B 2a~2d 45l 8k A [ EE b B R & & 78
1200 C{fH 30 min £T4% K417G & & M8k 1 B i 1
B e AT, 4 FREFRESTRTIENS IR, SRAGA] SE A AT 1R
Bk, ERREEEX P EMASGAEREZER. AFH
F5 3 TE b Rk A1) % (R AR DK TR BRETAE X 457 52 00 H 7Y
(YA AE (") T MaB, BIAL P AT H A (1 B B0REIR) o 4L,
MR EE R E T HEAME P RS 28,

v

v y+y matrix ® M,B, boride
® M,,(C, B), carbon-boride

Intensity/a.u.

30 40 50 60 70 80
2019

Kl1 AREFEE T RIEBREFE XK XRD Kl
Fig.1 XRD patterns of WGBR with different braze alloys
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TEHR S KR IR, 7E Ni-3 4FRHE B KA . XF TR
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Fig.2 Backscattered electron images of brazed joint (a~d) and WGBR (e~h) bonded by Ni-1 (a, €), Ni-2 (b, f), Ni-3 (c, g) and Ni-4 (d, h) at
1200 C for 30 min
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X H M3B, BIALP SR HIOAT H T 4R AH (p+y) . M3B, Bl
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BB e S b AT R A AR, SREEMN L A7 2 T 3L
REryid, B REIET B Bk, R Ni-3
EFRIE 1200 CARIE 30 min T4k 4 23R 5 M AN
FE T

NT R ESL BRI, RARES TR (FIB)
FiAR % T Ni-3 £FEHTIE K417G A 41 TEM/STEM £
fis JFRRE OB AR BSL A |, ] 5a. 5b . B
5c Eon 7k S L TEM & FE R 2 5 37 (HAADF)
E% . B 6 A 5c 1 KA17G & 43k AT K EDS JB &
M. MK 6 FTLLEH, B TR mIEHE Y
%), H 8787 Niv Cro Co. Mo. Ti. Al JTX ) EDS
AT .y WV AREARAE EZRAE Ni B Cr.
Co fl Mo Gz, yAHILAEHTH T p [V ARIEAAAE, HE
EEA Tiv AL Ni. HIE 5 F1lE 6 ml%n, kS
ISy R DL SR S3 A B G0 KAT AR A B

Bl 7 YK i AH S B AR A o 1 TEM I8 5 Fligk (X
HLF T 4 A6 FE (SAED) « 3l I 3% [X L7 7 5 B A0 ST
Qb S AL T H A8 K AR EAT A, R X S8 4 K AT A
N My3(C,B)s, X5 XRD &4 HIEA—F. 1bAh,
B Maa(C,B)e AH L5 JE 44 FH F T 1346 DX A7 5 B 501 %01,
My3(C,B)s AHHI(01L) fh I 5 E AR AH p (011) 4 i 5 A~
17, HALM R B
[111]7”[111]Ma@3k’[ZOOL”[ZOOLMﬂcmE[111]7”[111]Mu¢3%
FH P 7b AT, X6 TSR A Ni-3 4T RF% 82 13 FE , Mas(C,B)s
T AR5 A o A7 1) ¢ FR 0 R ) T 9 £ 319 055
0.72F10.66< FAKH| T3 4. Y5 Bramfitt #5454 fic 2

2.3 FESLHOBRILAE WUTOTm &1, — TS, AR Shay At T

F2 KEBEFIEXH MB, ML E. R, ERABRRT
Table 2 Location, shape, area fraction and size of M3B; in the WGBR

Alloy Location Shape Avrea fraction/% Size/pum
Ni-1 Grain boundary Blocky 0.66 0.15~1.55
Ni-2 Grain boundary/grain Blocky 1.24 0.25~1.75
Ni-3 Grain/Grain boundary Blocky 244 0.50~1.50
Ni-4 Grain boundary Strip-type 5.45 0.50~4.00

1000 1000
a b

800 800 1
s g0l Ni-1 Ni-2  Ni-3 sool Ni-1 Ni-2 Ni-3
b=
& 400} 400}
7]

200+ 200}

N N ' N 0 1 L L '
00 2 4 6 8 10 0 2 4 6 8 10
Strain/% Strain/%
K13 RANFERLLMEREHE SR K417G &4 FETE IR 600 C T IR B ) - REAR i 2%
Fig.3 Tensile stress-strain curves of the K417G alloy specimens as-brazed with different ratios of solder alloys at room temperature (a)

and 600 ‘C (b)
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Fig.4 Thermo-Calc predictions for Ni-1 (a), Ni-2 (b), Ni-3 (c) and Ni-4 (d) based on the TTNi8 database

%3 i@3T Thermo-Calc FUMAY Ni-1, Ni-2, Ni-3 1 Ni-4 & & HERETEEMRIRLEE

Table 3 Solid-liquid transition temperature and Liquidus temperature of Ni-1, Ni-2, Ni-3 and Ni-4 alloys predicted by Thermo-Calc

25 C 1200 C Solid-liquid Liquidus

Alloy _ Liquid transition temperature/
Mng boride C0ntent, wl% Content, wl% temperature/"c C

Ni-1 0.55 - 1241 1333

Ni-2 0.93 0.54 1196 1321

Ni-3 1.96 2.26 1175 1312

Ni-4 3.67 3.89 1164 1302

0.5 um

5 FIB FA M & Hek FUH (155 SEM [T & St X 3] TEM-HAADF El{%
Fig.5 SEM image of K417G alloy joint brazed with Ni-3 filler prepared by FIB (a); high magnification SEM image of the joint in Fig.5a (b);

TEM-HAADF image of a interface area in Fig.5b (c)
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6 K 5cH KA17G & @K S il ) STEM-EDS Jt & [fi 43 Afi 4]
Fig.6 STEM-EDS elemental mappings of Ni, Cr, Co, Mo, Al, Ti at the interface area for K417G alloy joint in Fig.5¢c
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Fig.7 High magnification TEM image of zone | in Fig.5c (a) and the corresponding SAED pattern of phase interfaces between My3(C, B)g

and y phase (b)
4 Max(C,B) it S y < EREF BB EET
Table 4 Mismatch degree factor ¢ of the phase interface between M,3(C, B)s and y phase
(hkD), (hkl)
[UVW]V [UVW]Mza(Cv B)s d[“VW]r/nm d[”VW]Mzs(CvB)s/nm 9/(3 (hkl)If/Iﬂ(C, B)g % 6(hkl)l\}/,123(C, Bl %
[111 [ 0.2123 0.6442 0.55 1.15 -
[111] [111] 0.2082 0.6091 0.72 2.54 1.31

[200] [200] 0.1828 0.5498 0.66 0.25 -
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Microstructural Evolution and Mechanical Properties of Wide Gap
Brazing of K417G Superalloy

Cheng Zhun', Li Xiaogiang®, Qu Shengguan®, Zhu Dezhi®, Li Huiyun®
(1. National Engineering Research Center of Near-net-shape Forming for Metallic Materials, South China University of
Technology, Guangzhou 510640, China)
(2. Dongguan Hyper Tech Co., Ltd, Dongguan 523808, China)

Abstract: Using mixture of low-melting nickel base alloy powder containing boron (LMP) and high-melting nickel base alloy powder (HMP) as
the filler metal, K417G super alloy was brazed by wide gap brazing technology in a vacuum hot pressure sintering furnace. The effect of
composition of filler metal on microstructure evolution and mechanical properties of joint was analyzed, and the strengthening mechanism of the
joint was investigated. The results show that with the increase of the ratio of HMP in the filler metal, the content of borides in the joint decreases
and the uniformity of the weld microstructure is improved. When the ratio of HMP in the filler metal increases to 95 wt%, B can be uniformly
diffused into the HMP and the dispersed granular M3B; borides at the interface are obtained. The tensile strength of the joint at room temperature
and 600 <T is 971 and 934 MPa, respectively, reaching the strength of base metal. In addition, the fine particles of M23(C, B)s carbon-boride are
coherently precipitated in-situ in the joint and uniformly dispersed, and the coherent relationship of MxB,(C, B)s and base metal is the key factor
to realize the high quality wide gap brazing.

Key words: K417G superalloy; wide gap brazing; filler metal; microstructure; tensile strength
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