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Fig.1 Brazing schematic of TZM and Kovar 4J29 alloys with
CuMn-based filler metal
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Table 1 Chemical composition and thermal cross section
of the CuMn base filler metal

Element Cu Mn Ni Fe
Content, w/% 60~80 10~25 2~12 0.1~2.0

Thermal cross

. 3.77 13.2 4.8 2.35
section (n, y)/barn
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K2 965 CT CuMn #EEFRE Kovar &< LAl )
e A
Fig.2 Section metallographs of CuMn based filler metal spread
on the Kovar alloy at 965 C
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Fig.3 Section metallographs of CuMn based filler metal spread

on the TZM alloy at 965 C
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Table 2 Gas tightness of the weld joints at different high frequency induction currents

Brazing current/A 380 400 410

420 430 440 450

Leak-rate/(Pa'm’)-s™ No welding Gas leakage

7.5%10°

8.2X 107" 5.0X 107" 7.7x10™" 8.8X 107!
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20 um

onarea ___

CuMn filler g TZM

metal ¥

_ Interface reagt

K 4 SN HE D 430 A T 4% 3 TH 4 A A1 2

Fig.4 Section metallographs of brazing weld at high frequency induced current of 430A: (a) solder/Kovar alloy reaction interface,

(b) weld profile, and (c) brazing/TZM alloy reaction interface

MM Kl 4b. 4c nILLUE H, 7R AT /S CuMn SE4T RHEE
AL TZM &4 Mt RV 2807, FUH R,

WA Kovar 6 45 R85 155 e L 7 T 0 18D Ja 2 o 4t
PR AT, BRI, MERLEF CuMn 54T RS Kovar
GG R TRER S K Enesis, HEE

PEBEM T L R . 1 TZM &4 i 550t v 1 i L
EFRERE, H TZM A &b oo R AR R,
HAE S IR TR R AR G g R o g, LR
BE A X 22— 2k,

KA EDS 20 #1732, 43 A Bl 4a. 4b i 4c i



%561

iz

YA CuMn FEETR TZM 5 Kovar & 4 HUATIET 5T

* 2057 -

KRR AL B AT R G A o0 M, HORE N IR 4 By 4
Rl 5. Kl 6 ME 7 s

5 & Kovar/AF RS < B S I Z2 1) EDS 449443
Fras . B s A3k Kovar 54211 Fes Co. Ni JTE,
A2 Cu-Mn JEETRE, T [A]AZ A A7 S S H O J2 o6
FAES . BT LUE H, EEHEE T, FPEb
] Mn. Cu JG% 5 Kovar & &M G AESH 2 LAY
. i, Mn JtE 5 Kovar & @ AH H N 36 P88 &
Cu JUEAX 55—, Kovar 54" Fe. Co. Ni JTHE
WAL Gy AT ET RN 18, Horh Fe Jo &R S IBLET
BH RGP v, S Dy BB ET R A BOBT I 41 2

6 MEFEET A2 K EDS kb T ial)ZE
P& Cu-Mn BEEF R AL 5 BT B ] 1 Sl ki 41 21, 3L
ML B A K dc FTR, EDS e ik Bpy B 5 T AL
KA SRR . B 6 T A R WoR, FRITEREA
Cu. Mn. Ni, Fe ju%, H, I ITER Cu. Mn
()& AW BN, AR EEARE A — 3.

7 NEFEHTZM &4 5 )2 ) EDS £33 4 53 4
i, B 7L TZM G448 Mo, Tiv Zr JTH,
A0 Cu-Mn FEETR}, v [a] A8 85 A7y 51 2 [ W o

Kovar 4J29
Fe

CuMn solder

—_

(=}

(=}
T

)
(=]
—

Cu

Ni

Relative Intensity/%
[
(e}

401
[ Co /
20
Of . . . . .
0 20 40 60 80 100 120

Distance/pum

K5 Kovar/F K144 1 5t )z EDS 4
Fig.5 EDS line scanning of interfacial layer of Kovar alloy/
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Fig.6 EDS line scanning of welding seam interlayer
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Fig.7 EDS line scanning of interface layer of filler
metal/TZM alloy

2R EE . NEP T LUE 1, RS R A kLT
# Cu. Mn [1] TZM &&4 20N BAWE, i Mo
TCER MBS R AP B A B, PTRES Mo %
M ROV PEAR R AR AT K.
2.4 FRIA® IR

PR Cuv Mn JCEMRT 42558 0.128
H10.132 nm, Kovar &% HFI0E N Fe. Co. Ni, X
3T EMIR AR, 40 0.128, 0.126
A10.124 nm. SCHRIRIE VR 721 2R AR T 6 42 8 o & 1]
KB T LA 25 L AG [, %28 4 Jas 1] ) S 10 B 3 A — )
B MELLARAE, BT LL Kovar & 4 B4 34K 5 Cu-Mn
FEATRMEFERE, MR AR50 oT AHEWT, £k
Cu JTEMR 7142, Kovar &4 3 FocE AL,
Jud Fe MEMR TS Cu BRI, IRES
AHE Y8, AFEFRLRTREM JE Bif & 456 . 1 AEL S 3k
(145 SR A1, Mn TG R B A S i #8 B Kovar BEM LMK,
X KR TE 1R S REM S AR BT R AR &, FEET RIS, i
WAL — B ILAK R R A2, Cu-Mn FE4T
BHOAEAL)Z Z RN Mn®', [ Mn?*+2e=Mn b5k
HLM HLA A —1.179 V, 38 /N T+ Cu**+2e=Cu 8f Cu'"+e=Cu
FI bR AE LA AT (+0.34 V. +0.52 V), {EETRHE AL IR,
Mn* [ 8 24240 0.067 nm, F- % RE 2 85 1 (e,
TE BT 5 I LB 18] Py sk SE 25 5 1) Kovar & &1 # . 1M
Fe’'+2e=Fe MR LAl AT H-0.44 V, /N T Co™'+
2e=Co Fll Ni**+2e=Ni MR R HALL (-0.277 V.
—0.250 V), FrLL Kovar £ 4 3% [H 48K 2% )5 % 148 4L
JERN K FeO, EFIERT, Fe G Wt A Y SEFRNTER
W W, TZM &4 EICEN Mo, Hg1
% 0.139 nm, 5 Mn PR FREEEE, LA
IR Mo* (5 T M2, Mo J6 % 54Tk Mn 7T
FAN RS RAEM IR &4 4.



* 2058 -

G E AL

%49 35

3 &£ it

1) WFEIE)—F CuMn JEETRL, HAE TZM & &A1
Kovar &4 FiEW A S R KL, 5 Kovar &<
PEAR T TZM & 4.

2) KH CuMn FEETRE A m A o 6T 1R 10 07 7 )
TZM &M Kovar & <GB ML, TR S &
HELt, AR LIl EREINS . 5
Zerpia) )z CuMn SEETRHRERE 42N, 5T KLY Kovar &4
A SN JZ B 58, 5 TZM A a0 ) )2 85

3) FMIH CuMn FEETRL K s s T 72, B0 H
T Kovar &a I GG REHE, BARGHN HETS.

S0k

[1] Zhang Yongyun, Wang Ting, Jiang Siyuan et al. Materials
Science and Engineering A[J], 2017, 700: 512

[2] Dong Di (& #7), Hunag Hongtao(3% ¥t #%), Xiong Ning(8¢ 1)
et al. China Molybdenum Industry("P'[E £H)k)[J], 2018, 42(4): 6

References

[3] Song X G, Han G H, Hu S P et al. Materials Science and
Engineering A [J], 2019, 742: 190

[4] Chan H Y, Liaw D W, Shiue R K. International Journal of
Refractory Metals and Hard Materials[J], 2004, 22(1): 27

[5] Chuanga H W, Liawa D W, Dua Y C et al. Materials Science
and Engineering A[J], 2005, 390(1-2): 50

[6] Wang Juan, Li Yajiang, Zheng Deshuang. Vacuum[J], 2012,
86(12): 2054

[7] Zheng Yi, Li Ning, Yan Jiazhen et al. Materials Science and

Engineering A [J1], 2016, 661: 25
[8] Ivica Smid, Jochen Linke, Hubertus Nickel e al. High Tempe-
ratures-High Pressures[J], 1990, 22 (1): 75
[9] Wang Zhendong( L4 4:), Zheng Jianping(# &), Yang Qifa
(M)A 1%) et al. Atomic Energy Science and Technology(Jii ¥
e Bl 243 AR)[J], 2005, 39(S1): 42
[10] Liang Na(F #F), Zheng Jianping(3$ &), Huang Hongtao
(35Ut ¥E) et al. Thermal Spray Technology(FWiiRHi A)[J1],
2018, 10(1): 43
[11] Han Guihai(5i#:¥#§), Zhao Yixuan( —Jj), Song Xiaoguo
(RWEE) et al. Chinese Journal of Rare Metals(Fi 3 4 J@)[J],
2018, 42(6): 621
[12] Han Guihai(% #£#), Zhao Hongyun( #£12), Fu Wei(f} ff)
et al. Transactions of the China Welding Institution(f54%2%
#)[I1, 2017, 38(1): 69
[13] Salvoa M, Casalegnoa V, Rizzoa S et al. Journal of Materials
Processing Technology[J], 2010, 210(5): 791
[14] Lin C C, Chen C, Shiue R K et al. International Journal of
Refractory Metals and Hard Materials[J], 2011, 29( 5): 641
[15] Hu Gengxiang(# BE4£), Cai Xun(%%¢ H1), Rong Yonghua(3X
JKAEY et al. Foundation of Material Science(¥} |} 2 5
fif)[M]. Shanghai: Shanghai Jiaotong University Press, 2010
[16] Huang Shisheng(# f1/£), Zhao Xihua( &%), Xue Jia-
xiang( % ZK #£) et al. Fundamentals of Welding Science
-Fundamentals of Welding Methods and Process Control (&
e BE o He Gl - 08 $ U7 vk B R 5 ) R Al D[M]. Beijing:
China Machine Press, 2013

Study on Brazing of TZM and Kovar Alloy with CuMn Base Filler Metal

Lu Shenghui, Zheng Jianping, Qi Lijun, Qu Bo, Wang Zhendong, Lei Huazhen

(China Institute of Atomic Energy, Beijing 102413, China)

Abstract: The CuMn-based filler metal was used to braze TZM and Kovar alloys. The melting point and wettability of the solder to

TZM and Kovar alloys were tested and the gas tightness, microstructure, interfacial structure, and composition of the welds were also

tested by DTA, helium mass spectrometer, laser confocal microscope, SEM and EDS. The results show that the wetting angle of

Cu-Mn based filler metal on TZM and Kovar alloy sample is 30.77° and 12.30°, respectively at 965 °C. When the largest induced

current is 430 A, the filler metal spreads evenly on the weld and there is no crack and defects such as bubbles at the weld areas. The

leakage rate test of welding are better than 6x107"' Pa-m’/s. The middle area of the weld is CuMn metallurgical solidification structure,

reaction interface area between solder with TZM is relatively narrow than that with Kovar alloy. Mn and Cu in the filler metal and Fe

in Kovar alloy are more likely to diffuse and migrate to each other to form the metallurgical fusion reaction.

Key words: TZM alloy; Kovar alloy; CuMn based filler metal; brazing
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