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Table 1 Chemical composition of Hastelloy X (wt%)

Chemical composition Required value Measured value

C 0.05/0.15 0.084
Si 1.0* 0.45
Mn 1.0* 0.43
Al 0.50* 0.20
w 0.2/1.0 0.52
Fe 17.0/20.0* 18.12
Mo 8.0/10.0* 8.30
Cu 0.070 0.012
P 0.025%* 0.006
S 0.015* 0.009
Co 0.5/2.5 1.03
Ti 0.15% 0.09
B 0.010* 0.003
Cr 20.5/23.0 21.20
Ni Bal. Bal.

Note: * indicates the maximum value

1 F /4T 8L A NICROBRAZ 1 BNi-5, HAk 2% B 43
W22, By AR KEAR N 45~75 pmeo  FH T 55 18] B 4T 45 35 78 10
B Gk AR B R IS 55 1 A R R R AR
HEHL45~75 pm.o KHEFRNS & S0k R 3% 5 & b 40:60 35)
RA JE MG ER A B A Ui INZ) 15 MPa )
JE 77, il R @10 mm [ TR A, R VR A8 AR e ol 4 73
H R EEEZ N 1.5 mme. @I R AT AR AR B T A
BT HEM ], N I A, 3125 BE L 31 2x107 Pa
I, 4= F2 5 0 10 MPa J& /7, FF i 2 1150 C J5 f* i
30 min, 56 BT IR ER )G , BE AP A A, 3R1SF 4 Fh vE 7] BRAEF
PR S, 20 S A R 6 TR | SPy g0 SPo 00~ SPy 5000
W AT RIS 1 D11 mm Fe M4 1R T8 i 28 D) ) 1) 4% il B 4%
11 mm. /5 4.5 mm 5 RE T 85 U0URE O B, &)
1R . 7% GB/T7124-2008 Hi7 {85 U] 558 & MR br o , £
F INSTRON-8802 #4 K} {48 WL 75 = il T LA fft i 26 Ry
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3.1 MBEAXTETIEIELBA AR M RERI RN
P 2a~2d A JiR G TRRE K 3 B AN [ 33k R ST s Ak B
S BEAA T = 4EHC B, RS B 20 31 1.028.2.146.2.891

32 FPRLBNI-5 BILFE AL FHE =
Table 2 Chemical compositions and melting point of BNi-5

brazing filler metals

Melting

GB/T AWS Chemical composition/wt%
10859-2008 Cr Si Ni  point/°C
BNi71CeSi  BNi-5 18.5-19.5 9.75-10.5 Bal. 1135

%Spcmmcn placement
K1 BT A R

Fig.1 Schematic diagram of shearing mold
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Fig.2 3D profiles and surface roughness of base material of different specimens: (a) original specimen, (b) SP ., (c) SP, ., and (d) SP
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Fig.3 Microhardness of different specimen surfaces

B EAT AL B, 3R15 4 FhialRE BEA H TCPAH & &84 N
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Fig.4 Microstructure of the original specimen (a); grain size distribution diagrams of various specimens: (b) original specimen, (c) SP

(d) SPO.SOO’ and (e) SPO.SOO
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Fig.5 Microstructure of the brazing joint in the original specimen

®3 RIEAAHTIRIESLEDS TR TE R
Table 3 EDS element analysis results of the brazing joint in the

original specimen (wt%)

o ) . Possible
Position ~ Si Cr Mo Ni Co Fe o
composition
1 3.18 20.11 6.05 60.04 236 826 Alloypowder
2 9.29 18.81 223 6444 0.28 495 Filler metal
3 8.06 20.78 3537 29.34 2.54 3.92 tep phase
4 3.82 17.54 4595 21.75 3.08 7.86 Mo-rich phase

9 i SRR 5338, d A1 6 53 39 9 e R RS R S 98 E L d
HWAE 0L Pl 4b~de )P 241E , 0 5 S 19 SEM 5 £ ik
2 BT 1E 6=2.5 umo. T B TR Si BRI S

f A LSS A 8O 3, W D >>D, s S AT LTI R4
BHBFRF , Dy F1 D, K R AT WSCHR[21]H 15 2 : D /D, ~10°,

0.180°

KO HEN:

Dy~ Dgy(10° + 1) 4

DAl D B AR R d BRI TG I D PT EHARBE
FUEFRRESAS, B 9 2.25% 107 mm?s™. AR Sk R~
N Si JC# 7 Hastelloy X H (9 B R £ D, il 0 (4) 1
HAFH 2N 1.92x10%.2.39%x10%,2.25%10° mm?*s™, 55
JRARIRFEY B R B D AH L7 3R & T 44.36%1.79.70%
69.17%.

RS HNIFIHIT W T D M D, Fiit k. 455R
T WAL AL TR 5] A SR AN N PR A T R Si Rt T
ZHEEY BOEE , 32 S SR BRI U
FH 3 111 D> Dy, W 22 B AR A2 e N2 7 8568 76 =47 Bok 4|
YER , 5 SCHR[22]1W0 4 5 [RIBF M D,, A1 D, 1A % 22 >k
B BT AR 0 SRR TG R AR AR B T
BRAR TR LI T # T B . Bt XRD W& T 3
ol g AL A S BER 3R TH B AR B A7 43 i) 9801, -826.
~947 MPa, [ %5 . FRSF 3G 0, 415 e B RO, 7 AR 1Y)
IHTEAS T R R, T R 5 A i B g 88 K, %F Si gt 3
B R R R
3.3 WERLITSTIRIESL A E M RERI RN

BT 7 Sy R T 2 & P i ) B T AR 45 Sk BT 1) R 77 -
AR 2, A AL R RE 5 0.180..0.300.0.500 mm 5 AL R
TS KA R . 14 5 1] B T 42 Sk SR T B B D7) 568 - 3]
N 455.12.512.67+543.38.510.72 MPa, 45 3¢ W] £ 155 A
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Fig.6 Distributions of Si content in the base material of four types of brazing joints

R4 4TSHEIESLD R EIL S 10 pm LS HETEER

Table 4 Point analysis results near the base material at 10 pm away from the interface in four types of brazing joints (wt%)

Specimen Si Cr Mo Ni Co Fe
Original specimen 1.49 21.30 8.4 49.92 3.12 15.76
SP, 150 1.69 21.43 9.16 48.55 3.21 15.96
SP, 300 2.12 20.09 10.02 47.05 3.69 16.22
SP 500 1.54 21.51 791 50.68 3.10 15.26

=5 FEEARTZMT Si T RAAMIT 8RE D, D,
Table 5 Influence of different shot sizes on the D, and D, of Si

element (x10° mm’:s™)

Original specimen SP, 1z

D, - 1.92
D, 1.33 1.48

SP0.300
239
1.83

SPOASOO
2.25
1.39

2(5)8 e Origin specimen
—*SPy 50
500 —.—sp 0300
ﬂcf 450 [ SPosao
400 ¢
2350t
5300}
2250}
§200f  /
@ 150F  /
100F /
50F 4

0 2I0 4IO 60
Strain/%
L7 4 s (A BT 4 S BY ) B - R0 AR i 2

Fig.7 Shear stress-strain curves of four types of brazing joints

543.38 MPa
512.67 MPa

455.12 MPa 510.72 MPa

A B 1R 5T 2 9 A B R WAL R XA ST
Forb AU RS 0,300 mm B 454 5 B f e, 45 AR ALk
FEAHLEH 1 T 19.39%, BEI Si 70 3 H B R L K He 3k 1

P8 R FE AR AR s 2 3R R SE 2 0.500 mm B, &R 2
AR FE BT VAN HXF Si e T B AR s B AT
R AR S 750 Sioe 24 B0 4 A AT 2238 I, B8] it
IEET Si TGRS R BN , T4 P

5341 SunEE AR FHAH [R1EF 4 T2 K BNi-5 £}l
2% 1) T 8] B AT 42 Sk = R AR 5RO 498.45 pum HL I ¢
TEFEHIAL , /N T A 52 48 5% AL 54K J5 3R AT BT 15 4 3k
BY) 5 FE , Fh Ao A 1Y) 22 1 32 B R AT IR T BEA
% 1] 98 A T 7 DK P9 R 20 A0 R S o] LA 5 1) B T 4 45
T S AR TR AL AR B TR m o R Y B S BT B
SLAE ST A2 5

8a, 8¢, 8¢, 8g 73 il v 4 FEF A4z 3k 2 MW FIRRAIE
8b, 8d, 81, 8h 43 7l Ay 4 Fh T AR5 S OWL T I F1E . 43
BRI R RSk T oo = 9 Bae s, &
SR AR UREL ] 6] P BT RHE 78 R4, DR 0T 1 T 3K T AR
RYFEAFAE , R A B R B 5 R , W AT 5 3k
NHEPEWT RN A . ML RS 0.180 mm N, B 115
RIPEE S IR A BRI, RS B F B R ESE
R R A RIORL 0, 55 HL A W 2 1 FLIR BB, BEAL 42 31K
B B ) B AL L HERT 22 5T AR Sk LA M i 2
NE. B LR ST 0.300 mm i RS S &



* 1516 «

W] B RS TR

Protubcrance) S

H\5&\ S

)

Eishiscalcifracture)
200) fum

K8 4 RN TR T RS

Fig.8 Fracture surface morphologies of four types of brazing joints: (a-b) original specimen; (c—d) SP ,; (e-f) SP,,; (g-h) SP,

“ABRIR O RIS, AL AR R A IR RERE A B AR AR I
JS2 A 2% AE i FE AR A AR b SR R AR TAT O, 3
BORGH JE ™ =, AR AR P X0 IR B0 5 AL, HE
WriZ AT 17 3k EEUPIMER RO . i RN
0.500 mm I , BEAF v 3% AR N g 3k — B 34 DRtk 2 /2 B
FEE T, P 5 R AL A SRS 3G T U R
TR

5 b WAL R BRAS IR BT 12 Sk 5 i BT V) st 4 K T
ARIH B, SWEALE SiTu R A B AR B KT
ARIAFE R TH545 RARY 5, R T 5E5 R T 5
Yo DI, BER R I 2 W R AR ER 5 L RS SREE IG5 R
TR HER A R , W R T PR AR TR (SD RS
JEE (CraMo) HI4 BURE F1 » (H I N 346 e 3R 3 WA A2 —
SE IR o

4 25 i

1) W55 AL 4 B 23 %f Hastelloy X 7 A5 & bE 4044 K 5% 4%
JE L P R, 4R RS2 10.1804,0.300,0.500 mm
I, P24 ok R SE 23 51 58.655.47.072.47.631 pm s B A%
JE N 7743 5 N-801.-826.-947 MPa; 3151 58 8] B 4T 5
Bekth T BUZ R FE 43 N 147.44.224.97.122.65 pm.,

2)#0.180.0.300.0.500 mm 3 Ffi A~ [i] 38 AL R ~F 15 AL
AbFE J5 5 Si JG K 7E Hastelloy X H I3 8L R £ D, 73 51~
1.48x10°.1.83x10°.1.39x10™ mm?*s™, 15 oK 20 5§ A &b B2
i Si T &Y HU R EL DA LA B TE T 11.28%37.6%-
4.51% FRAR R0 Sioc R U A MHIEH , HEE
ESIVWALI-R DNIfIE NS

3) 3 AL R SF O 0.300 mm B, 518 BT 158 A KON
543.38 MPa, 5 AW A4 BEAFEAH LEER T T 29 20%. 1t
I SiTC =Y BURECL bR EAE D, H R K, KD, 5
TR 4545 5 B I AZAE IEAH G OG &R

0.500
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Influence of Shot Peening on the Elemental Diffusion and Properties
of Wide-Gap Brazed Joints

Ding Kunying, Du Yimeng, Sun Yubo
(School of Aeronautics and Astronautics, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Based on the surface shot peening treatment of Hastelloy X, this study investigated the impact of shot peening on the interfacial
element diffusion and properties of wide-gap brazing joints. The microstructure and mechanical properties of wide-gap brazing joints obtained
from Hastelloy X surfaces without shot peening and those treated with shot peening using ball sizes of 0.180, 0.300, and 0.500 mm were
compared. SEM and EDS were used to analyze the diffusion layer structure and element distribution characteristics. The results indicate that the
grain refinement effect from shot peening strengthening treatment promotes the diffusion of the melting-reducing element Si in Hastelloy X. When
the shot size is 0.300 mm, the diffusion coefficient of Si in the brazing joint structure is the highest of 1.83x10™® mm*s™; at this time, the diffusion
layer is the thickest of 224.97 um in thickness; the interface shear strength of the wide-gap brazing joint is the greatest of 543.38 MPa, which
shows a 19.39% increase compared to that of the non-shot-peened sample. Additionally, theoretical calculations were conducted to determine the
impact of different grain sizes under three shot peening processes on the diffusion coefficient of Si element. Theoretical calculations are combined
with experimental data to elucidate the diffusion mechanism of Si in the microstructure of wide-gap brazing joints.
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