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Abstract: By adding trace elements of In and Ce into Agl0CuZnSn low-silver filler metal, the effects of the combined addition of
In and Ce on the solidus and liquidus temperature and spreading performance of low-silver filler metal were studied, and the effects
of two alloying elements on the microstructure of AglOCuZnSn filler metal and the mechanical properties of brazed joint were
analyzed. The results showed that the addition of trace elements of In and Ce could significantly reduce the solidus and liquidus
temperature of Agl0CuZnSn low-silver filler metal, and also increase the spreading area of Agl0CuZnSn filler metal on T2 copper
and 304 stainless steel base metals. When the contents of In and Ce were 1.5% and 0. 15% respectively, the spreading areas of the
filler metal on T2 copper and 304 stainless steel increased by 21. 1% and 35. 7% respectively. Besides, the In and Ce elements could
refine the microstructure of the filler metals. When the contents of In and Ce elements were 1.5% and 0. 15% respectively, the
microstructure refinement of Agl0CuZnSn low silver filler metal was the most obvious, and at this time, the shear strength of 304

stainless steel brazed joint also achieved a maximum value of 375 MPa. However, 3% In and 0. 5% Ce would form brittle Ag-In-Sn
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intermetallic compound phase and Sn-Ce rare earth phase in the microstructure of Agl0CuZnSn filler metal, and the shear strength

of the brazed joint would be reduced.

Highlights: (1) The influence mechanism of In and Ce on the microstructure and properties of Agl0CuZnSn low silver filler metal

was clarified.

(2) The influence of brittle Ag-In-Sn and Sn-Ce formed by excessive In and Ce in Agl0CuZnSn low silver filler metal

on the mechanical properties of brazed joints was studied.

(3) The optimal addition amounts of In and Ce elements in Agl0CuZnSn low silver filler metal were determined.
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Table 1 Chemical compositions of low-silver filler metals
HiT Ag Zn Sn In Ce Cu
1 10 40.16 1.5 0 0 it
2 10 39.85 1.5 1.0 0.05 it
3 10 39.21 1.5 1.5 0.05 it
4 10 39.15 1.5 1.5 0.15 it
5 10 39.07 1.5 1.5 0.30 it
6 10 38.96 1.5 1.5 0.50 it
7 10 38.18 1.5 3.0 0.50 i
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Schematic diagram of copper/stainless steel
brazed joint
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Fig.2 The solidus and liquidus temperatures of
Ag10CuZnSn-xIn-yCe low-silver filler metals
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Fig. 3 Spreading areas of Ag10CuZnSn-xIn-yCe low-
silver filler metals
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(a) AglOCuZnSn 47} (b) Ag10CuZnSn-11n-0.05Ce 47k} (c) Agl0CuZnSn-1.5In-0.05Ce 47k}

5 pm

® AglOCnSn-l,SIn-O.Ce b

(h) Ag10CuZnSn-31n-0.5Ce 4T 4}

(g) Agl0CuZnSn-1.5In-0.5Ce 5T}

(i) Ag10CuZnSn-3In-0.5Ce 4Pk} (Fifi)

4 Ag10CuZnSn-xIn-yCe {R$REF#IHI SEM B &
SEM images of Ag10CuZnSn-xIn-yCe low-silver filler metals. (a) Ag10CuZnSn filler metal; (b) Ag10CuZnSn-1In-
0.05Ce filler metal; (c) Ag10CuZnSn-1.5In-0.05Ce filler metal; (d) Ag10CuZnSn-1.5In-0.15Ce filler metal; (e)
Ag10CuZnSn-1.5In-0.15Ce filler metal(high magnification); (f) Ag10CuZnSn-1.5In-0.3Ce filler metal; (g)
Ag10CuZnSn-1.5In-0.5Ce filler metal; (h) Ag10CuZnSn-3In-0.5Ce filler metal; (i) Ag10CuZnSn-3In-0.5Ce filler
metal (high magnification)
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Table 2 Chemical compositions of EDS of points A ~ E in Fig.4

A Ag Cu Zn Sn In Ce
A 27.57 36.44 31.63 1.94 2.36 0.06
B 4.28 55.91 38.81 0.41 0.52 0.07
C 9.61 31.15 4.95 29.37 0.23 24.69
D 11.53 44.33 33.70 2.17 8.23 0.04
E 8.71 29.20 5.84 30.14 0.38 25.73
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Fig. 5 Elemental distribution images of microstructure of Ag10CuZnSn-3In-0.5Ce filler metal. (a) Ag element; (b) Cu
element; (c) Zn element; (d) Sn element; (e) In element; (f) Ce element
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Table 3 Shear strength of T2 copper/304 stainless steel
joints using Ag10CuZnSn-xIn-yCe filler metals
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Fig. 6 Shear strength of stainless steel joints using
Ag10CuZnSn-xIn-yCe filler metals
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Fig. 7 SEM images of brazed joint using Ag10CuZnSn-3In-0.5Ce filler metal. (a) SEM image of brazed joint; (b) Ag
element; (c) Cu element; (d) Zn element; (e) Sn element; (f) In element; (g) Ce element

3 Hib

(1) In JTTE N Ce TCEK MR N34 AT LA 5 25 1
X Agl0CuZnSn 1I% 28 &F BF 1 [ WA 28 06 %, 24
In JGR I Ce JLE 5T 1 73 %03 14 3% H1 0. 5%
BF, AR AT Ak Y 31 9 A 2 1 B 2474 22 800 °C LAF,
43 5°h 746 °C i1 792 °C.

(2) In JTLE A Ce JLER B E A U0 AT DL 25 1
P25 AglOCuZnSn 4T R E JEMEGE. X In LR M
Ce JUER W BT 5 70 B0 0 1.5% 0. 15% I, 4F
BHE T2 2L F0 304 AEEN L 04 i i AR 2 il 4 7
T 21.1% #1 35.7%.

(3) Agl0CuZnSn-xIn-yCe £F 4} 1) 8 fi 4l 40 3= %
F R 56 [T 3 A R 0] [0 0 R 28 1, 4 In & M
Ce JC R W Bt 5 70 800 510 1. 5% 10 0.15% i), £F
B A B A S . (Had Y In 7T

R Ce LR STEAT AR AL IR (1) 42 )& 1] 1k
B WA

(4) fiE: In JTEE M Ce JLER MU IINTT LA ik 2 b
$2 %85 Agl0CuZnSn-1. 5In-0. 15Ce 4T 45 452 3k i i 59
S, AT MRSk T B 5k B 1 F1] 375 MPa W K
fEH. 4 In JTCE M Ce JOE BT 4350539110 3% il
0.5% I}, 4T 4 WG 41 20U B0 T 2% 1 Ag-In-
Sn 42 J& AL A WA RN Sn-Ce 7 T A4H, SFEHEL BHT
B AT TR

S 3k

[1] Bal, Ji X, Wang B, et al. Microstructure design of C/C compos-
ites through electrochemical corrosion for brazing to Nb[J]. Journ-
al of Materials Science & Technology, 2022, 104(9): 33 — 40.

[2] YanY T,LiuB S, Xu T X, et al. Realizing the air brazing of ZrO,

ceramics through Al metal[J]. Journal of Materiomics, 2022, 8(3):



120 B

2

i % 45 %

[10]

662 — 668.

Roy R K, Ghosh M. Advancement of brazing filler alloy: an over-
view[J]. Joining Processes for Dissimilar and Advanced Materials,
2022: 553-579.

Esmati K, Omidvar H, Jelokhani J, et al. Study on the microstruc-
ture and mechanical properties of diffusion brazing joint of
C17200 copper beryllium alloy[J]. Materials & Design, 2014, 53:
766 —773.

Official Journal of the European Union. The restriction of the use
of certain hazardous substances in electrical and electronic equip-
ment: directive 2002/96/ECof the european parliament and of the
council of 27 january 2003[R]. 2003.

Matsu K, Shi K, Kishimoto T, et al. Brazing of cemented carbide
with low silver content brazing filler metal[J]. DVS-Berichte,
2022(TN.381): 169 — 174.

AT H, BRI, WRRE, %5 U4R BAgl0CuZnSnInNd 4744141 5
PERE [J]. SR, 2023, 44(4): 93 - 97.

Yu D K, Xue P, Chen R, et al. Microstructure and property of low
silver BAgl0CuZnSnInNd filler metal[J]. Transactions of the
China Welding Institution, 2023, 44(4): 93 — 97.

Sisamouth L, Hamdi M, Ariga T. Investigation of gap filling abil-
ity of Ag—Cu—In brazing filler metals[J]. Journal of Alloys and
Compounds, 2010, 504(2): 325 —329.

Zhang L. Filler metals, brazing processing and reliability for dia-
mond tools brazing: a review[J]. Journal of Manufacturing Pro-
cesses, 2021, 66: 651 — 668.

Hh T ] 8 o AL A B 2 B 2 AT ORHIE R PR R 5 5 GB/T
11364-2008[S]. A5 Hr EARAE H AT, 2008.

Standardization Administration of the People's Republic of China.

Test method of wettability for brazing filler metals: GB/T 11364-

[11]

[12]

[13]

[14]

[15]

2008[S]. Beijing: Standards Press of China, 2008.

AP [ A A A B 5 2 TR SR SR I B8 77 1% - GB/T
11363-2008[S]. b5t H EFRHEH fRAE, 2008.

Standardization Administration of the People's Republic of China.
Test method of the strength for brazed and soldered joint: GB/T
11363-2008 [S]. Beijing: Standards Press of China, 2008.

iR, Ga/In 5 1 Ce %t Ag30CuZnSn 4F K B 20 21 K 4T
JRHESLMERERZ R ATSY (D). B At F S ALZ TR K2, 2011.
Lai Zhongmin. Effects of Ga/In and rare earth Ce on microstruc-
tures and properties of brazed joint of Ag30CuZnSn filler
metal[D]. Nanjing: Nanjing University of Aeronautics and Astro-
nautics, 2011.

LR )y, BERMA, T, %, BAgl7CuZnSn-xCe 4T RHH L Kt fiE
SAHT [J]. KRR, 2018, 39(8): 6 — 46.

Ma Chaoli, Xue Songbai, Wang Bo, et al. Study on microstruc-
ture and properties of BAgl7CuZnSn-xCe filler metals[J]. Trans-
actions of the China Welding Institution, 2018, 39(8): 6 — 46.

Cao J, Zhang L X, Wang H Q, et al. Effect of silver content on
microstructure and properties of brass/steel induction brazing joint
using Ag-Cu-Zn-Sn filler metal[J]. Journal of Materials Science &
Technology, 2011, 27(4): 377 — 381.

Yin X H, Ma Q S, Cui B, ef al. Current review on the research
status of cemented carbide brazing: filler materials and mechanic-
al properties[J]. Metals and Materials International, 2021, 27(4):
571 —583.

SE—EERER, WL, U, ERHTT SO T
e BRI MR KB T2 5 Email: 2021101183 @niit.
edu.cn

BEMEEMEM, H1, #&K,; Email: yucanfu@nuaa.

edu.cn

(%W5E: ZARAHED


mailto:2021101183@niit.edu.cn
mailto:2021101183@niit.edu.cn
mailto:yucanfu@nuaa.edu.cn
mailto:yucanfu@nuaa.edu.cn

	0 序言
	1 试验方法
	2 试验结果与分析
	2.1 Ag10CuZnSn-xIn-yCe钎料的熔化特性分析
	2.2 Ag10CuZnSn-xIn-yCe钎料的铺展性能分析
	2.3 Ag10CuZnSn-xIn-yCe钎料的显微组织分析
	2.4 Ag10CuZnSn-xIn-yCe钎焊接头力学性能分析

	3 结论
	参考文献

