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Abstract: In recent years, with the development of manufacturing industry, the raw materials used in heat exchange are
also being updated. This has prompted the development of new Ag based brazing filler. Cu3Ag0. 5Zr alloy has high thermal
conductivity and strength, and is used to make new high performance heat exchangers. But too high brazing temperature will
reduce the strength of the alloy. The elements such as Ga, In and Sn can significantly reduce the brazing temperature of Ag
based filler metal and effectively improve the strength of Cu3Ag0. 5Zr alloy after brazing. In this paper, AgCuGalnSn was
designed and prepared by adding Ga, In and Sn elements to base alloy AgCu28. The effects of Ga, In and Sn elements on
the phases and melting properties of the filler metal were studied. Afterwards, Ag6l.2Cu23. 8Ga3Inl10.5Snl.5 was opti-
mized for brazing Cu3Ag0. 5Zr alloy, and the brazing performance of AgCuGalnSn filler to Cu3Ag0. 5Zr alloy was evaluated

by investigating microstructure and mechanical property of

joints. The results show that when the total mass fraction of

Wi EE: 2021-07-14 fEEIHH3: 2021-09-24 Ga,In, Sn increases to 15%, the liquidus points of fillers
EeTE. EFHELHEITRIH (2017YFB0305702) decrease to below 700 °C. When the total mass fraction of
S iEE. EEE. B 1995 4k Bt Ga,In,Sn is 15% and the atomic ratio of Ga :In is 2:7,

that is, the optimal filler Ag61.2Cu23. 8Ga3Inl10. 5Snl. 5
liquidus point is the lowest, 675 C. And this filler has
good processability with which filler can form strips with
DOI: 10.7502/j. issn. 1674-3962. 202107020 0.05~0.2 mm thickness after rotary forging, annealing,
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cold rolling. The joints of CuAgZr alloy with gap width of 0.2 mm can be brazed successfully by
Ag61.2Cu23. 8Ga3Inl0. 5Snl. 5 filler at 675~735 °C. The joints have two different varies of microstructures, which are Ag-
rich phase+Cu-rich phase and Ag-rich phase+Cu-rich phase+AgCu eutectic structure respectively. The shear strength is a-

round 275 MPa in joints brazed at 675 “C with 0.2 mm gap width, and the fracture is ductile fracture. The microstructure

characterization and shear properties tests of the joints show that the AgCuGalnSn brazing filler is suitable for the brazing of

Cu3Ag0. 57Zr alloy.

Key words: CuAgZr alloy; Ag based brazing filler; intermediate temperature filler; brazing; shear strength; heat exchange
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Cu3Ag0. 5Zr(BUFRRA N T H Bt {44, TR
B4 FEGN THRIVENTR & Sh PR W 1A% H R e
JrENEE, HERE AR RE 8 T 00l 2 R
BHRGM ML . BT LU AR, Cu3Ag0. 5Zr &
SR e P RE SR A B, LA 2 = TR
ARSI T E R R R EER

TEACH A A B H VR R v, 38 7 FR A =2 18] /Y
BRI 20 EHER ) B A2 B AR | AR ] S
R4k NI, 7F CulgZr & 4 BpARs 1 5 T R a
B, AIEMEFREEE RGBT T2 A EE
WA, BRILZ AN, SRS CulgZe FEM A SR MERER & K
AR, BRZSL AR AR AR A R A RE

T B CuAgZe &4 AT IR EE DX TR), R AL m T
A 50%H Cu3Ag0. 5SZr A 4P IR 43 BI7E 400, 500,
600, 700 1 800 °C T £ 10 min, HEATRSIEIE K,
S8 AR LA K 238 0. 2% B 189 B ) O T IR 58 B o
R R IR IR AR o, BHER 1 TR, SR
L AT LAF Y, ARECT 800 C, HAFARIREERE 2 700 °C i,
BRI BE ST T — 1%, — DRI IRLEE,
BEBITE 400~ 500 °C 4k AT ASRAT B i (4 S IR B, (HU2 3
FAZEF IR EE R — R Zn-AL JEATRL, H LR E T4
BRI A MR 22 (BT DTSR 249 100 MPa) ™, R
REAT RO S A R RS IR AR

Ag-Cu FEEPRHEA 1 b A AT F2 1R B (600 ~ 1000 C) |
B R R B A T R R A
Ag-Cu FEFFRHEFRE T LLTE 345 45 g 4 3 5 B2 1 () ) 422 vy
SEbrom B, B IR T & 0E T 700 °C BT AR I R B9
Ag-Cu JEEFRHE S iy BEAF IR EE , JE T roy 5 R A8 B A 1
RERYRZ ORI —

£1 AEFBBET Cu3A0. 57r B MK ERIEE
Table 1 Yield strength of Cu3Ag0. 5Zr samples annealed at differ-
ent temperatures

Anneal temperature/C 400 500 600 700 800

0.,/ MPa 343 179 91 101 55

Ag-Cu FEFTRHBO BT AR RE 32 52 TR TR LR E

TR VRO 81 32 2230 G 4 T R IR R 3 o 52 L
P, 16 AgCu28 (4 /5 780 °C) WAL b, SN A In, Sn,
Ga, Zn S5 054 I8 o0 2 0] LA K b B AT AT RH R A A
AT BT ARLR E

Ag-Cu JEET RN A D& Sn Al In JTEEF, 47RZHE
AR E Ag 1Y o HIFE Cu (B AL, Sn FlIn & &t
ZW A e | ufeaY, GG YIS T
tEAR, PHUL Sn Al In & 8k £ 4 0 BT R I R R
MELUIN T R AL 25 A e i i A9 Ag-Cu-In-Sn 4T
BB R 554~ 604 C°) | A 38 R KB I #ABr
JEFF IR — L —R L —R K — KL T2, il
JEPEEFE 0. 1 mm VR BHEAE 0 B BA 5% 42 8 BF 5 T i 5%
B RS R B DAL R K T2 T Ag-22. 4Cu-
20Sn 5P 8}, R TEFLE G- G STk, sl
& T ATLAM RN T R REFRE, BT R AR 5129 555
C, B i T 0T F T & etk p R A, 7
HRIRAT RN I B R Y B TR R et B R
(AR 2 FL B R S B AR A2 81 T M S A e

AR, WAMREITR T Ag-Cu-Ga IR REFRE, #
JBEESIBISE T Ga S h 5% ~20% (T 435, TR 0
AgCuGa £F B, JF& T A HEUL AgCu28 1Y Ag-55Cu-5Ga
EFRE, AR, Ag-55Cu-5Ga TRl & Ag #l. & Cu
AHFN AgCu FL AR R, Ga TEBEETE Cu M, ffi
ARV TT A L8y 1423k, 45 & Ak iy B o i
KT FIVIRE . 5% Ga BN AL R T2k % 12 4
(4 ) B R A T TR AE A 2 Ga & i HS & 20% 1Y,
Ag-40Cu-20Ga AR A A AL T AgCu28 FEAIR T2y 130 °C,
AU Ga X AgCu FEETRRBAH A BRI, /505 #4601 4%
HARGHMIF T In, Ga JLEXS Ag-Cu-Zn-Sn £FBHE (L HF
PEFEFIRERE Y E M, BEFERBT, A 3% 1Y Ga AT LA
AgCuZnSn £TRHEAR s KL 70 °C 5 WA 3% In AT LI
fift AgCuZnSn EFPEHEARSFFEIRZ) 60 °C; >4 Ga &t A 3% .
In Fith 1.5%~ 2%}, WRRER G PEReRcfE, P25k
HEH Zn, RERT AR, iSO Ll AgCu &
EREME S, MATREEN 12% ~15%1 Ga Fl In,
IR T BB E AgCuGaln &4 . 1% R 544 WM A
16 723~732 CZJ8], Ga 7E Cu Al In 75 Ag "I BRI [#
VR R VAT BB 1 A
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B2, Ag-Cu-In-Sn ZREFEHG 4 AR 55 AR MH G 1
BK; M Ag-Cu-Ga-In REFRHE 4 HLA B 1 S8 N s
FOWRAH R o R T A5 B SR H I PR B PR, AR
LA Ag-Cu-In-Sn £F8HL K Ag-Cu-Ga-In £FRHW BT I T AE
FER, DL Cu3Ag0. 5Zr <6 il Ul Ui gl 5 Bl
Z IR EFRRE AP &, St Ga, In, Sn (IR
AIMALRZIRAH s BAK (700 C LT ) HEMHE, & T
Cu3Ag0. 5Zr 5 4 e AR EF SR 19 AgCuGalnSn £F B}, )5
VIR I IZAT R Cu3Ag0. SZr HIATHRIEBE

2 £ Iy

2.1 S8t
HAEBOT IR TR 2 LA AT R, STl AL~
A4, JEERETRHIT R FH 00 JEURHE S 2% 5t % /T 0. 019% 1Y
AgCu28 LUK 4L Ga, In, Sn4t, WG&4FRHNFRMER SR
PRI TR TR, e R AR R i £
A AR RGN FEOT AL RS E TR EA T R RS 4, ek
ALY 1 min, WK WS FPRE B AR 29 6 mm
KL 20 em BIBGEASEPRIEM . UK, XHEAETRHEI
HEATRESBRN T, WA TARE N TR 240 6%, ST
YNy 52% ;5 Hoh A4 SFRHIN T EHAZH 5 mm I 2L,
Wl 1R, NI A4 SPRBIESRE , TR A
£2 7AE Ga,In,Sn BEEM AgCuGalnSn TR SR (W, W, :
We,=6:3:1)
Table 2 Composition table of AgCuGalnSn filler with different total
content of Ga,In,Sn( Wg,: W,,: Wg,=6:3:1)

Mass fraction/ %

Filler number

Ag Cu Ga In Sn
Al 68. 4 26.2 3.0 1.5 0.5
A2 64.8 25.2 6.0 3.0 1.0
A3 61.2 23.8 9.0 4.5 1.5
A4 57.6 22.4 12.0 6.0 2.0

P et R P R A4 TR
Fig. 1  Cross-breaking of A4 filler during rotary forging

ZEE I T, K Ga, In, Sn B i G 7E
15% , V4% Ga 55 In LI, 0736 Hh 255 PERE SR A RO ST R,

s h B3~G3, BEFEHLIT WA 3. SR m RO 5 R
ALK R 3 th S AR AR R E S AL~ A3 HIR] Y
et JFHEATIER . FHEHR T A1~ A3 Fl B3~ G3 P RHE
AT KRR, 1RK T 20 600 CIRR 2 h, fidkfs
EREAEAERN 0.1 mm, PEHZEHN 1 mm JFIHETE
o BIGATEEFRIZZ M AT ELHIFIR K o bR A4 LISMEY
EFRHIN T 0. 05~0. 2 mm JERYHFFE
®3 ARE W, : W, ELIEH AgCuGalnSn $FHLEL 5 R

Table 3 Composition of AgCuGalnSn filler with different W, : W,

total content of Ga,In,Sn is 15%
( ,In, )

Filler Mass fraction/ %

number 54 Cu Ga In Sn Gasinssn
B3 61.2 23.8 8.18 5.45 1.37 6:4:1
3 61.2 23.8 7.5 6.0 1.5 5:4:1
D3 61.2 23.8 6.0 7.5 1.5 4:5:1
E3 61.2 23.8 4.5 9.0 1.5 3:6:1
F3 61.2 23.8 3.0 10.5 1.5 2:7:1
G3 61.2 23.8 1.5 12.0 1.5 1:8:1

2.2 SFRHBRATNIELSES T

WML B R X BFERAT ST ( B AR B
XRD-7000) % JE B 2 0. 4 mm £FRHHE M 317 P94 5397
AR B (SEM,  HAH Tk &4t JSM-6460)
TUELEF L5 S A SUE SR B 9N 1) #R I A H U,
FERIHBETEA A T I X S 5353

EFRMAE AR 8T . S ST R ELAR ) 4 mm 12241,
(A BB NLIESS 228 L UIEZ) | mm JEROETRHE R, K38
e W80 Wh AR AT EE V-, SRJ5H FH JC/K S BEXT T S s
WA T AR, TR RRE, IR0 25 2 A
A (PR Bt STA449F5 ) M A5 T2 BT iR A A TR 1
2.3 $IRXE

SIHTER R0 22 78 FH 3 1 7 BT ((differential scanning
calorimetry, DSC) M4k, WHAAASETRHE AL FNAH 25 3k
B S AR ETBHE N AgCuGalnSn R &R i FH T
SRR CulgZe A MIEPEE; SRS TR 203 7 W 5
GBI, MRS RHE AR PE | Sk sy UIPEGe; W%
Sk EMASURIW ES, WA AgCuGalnSn £7 B %F CuAg-
Zr 5 A AT IRPERE

TE BT IR EE A BT RHBAR s TR EE LA SO AR R EE DA
F30~60 C; RAANFENHEERIFFEETERE, HiiF4E50E
B2 200 pum; EFEECRIRETE] R 20 min, FFREHEEL 135 E:
BT U REM R Ty v 2 iR, EFIREESL N 2
PEBEMNA7E 7 B 1 2= i AL ( Hig# 3 TFW-10S) b
1T, SR SEM 144 W iUs X 2k 4 4LV 55 T 01 3647
WMEE



604

Hh AR

541 %

remove after
substrate

(a] (b]
3

filler
B2 AP (o) SEFARE L BT DR BEIA 2 (b) /m

Fig. 2 Schematic diagram of brazing joint assembly (a) and shear

strength test method (b)

3 HREWE

3.1 RS ST

A AgCuGalnSn £FRHELHIZSH #4 B9 XRD &l
mE 3 fR, MXRD EIRERTLAE H, BE e 15% LA,
K] Ga,In F1 Sn IR Ga,In, Sn IIAF] AgCu28 J&, 4T
BEEZH Ag fl Cu PRI EARA AL, MiZFE Ga,In,Sn B
IR 15%, IFREIAFAHRIE

KPR DSC HiZknE 4 frs, M 4a PRI LB H,
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Fig. 3 XRD patterns of different filler strips

WS EEFE R 693 °C, MK 4b W LIEH, 7ELRHF Ga,In,Sn
B RAEE (15%) FEOLT, W, =W, 23518 4:5(D3)
A2 7(F3) W, FFPRREAH S AR, 2009 675 C, % EH]
Ga N Jm s s, Uik Ga mEURAY F3 FPR
Agb61.2Cu23. 8Ga3In10. 5Snl. 5 ¥E A AgCuGalnSn FE %) H1
TEFIE CuAgZr B4 RI%EFEL,

(]
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G
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m
w

|
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4 AgCuGalnSn $FRIZERERERANHTIING . (a) W, 2 Wy, : We, =6:3:1, ANH Ga,In,Sn B HE; (b)Ga,In,Sn BEEN 15%, ARE Wg, = W, HHl

Fig. 4 Differential scanning calorimetry curves of AgCuGalnSn brazing fillers: (a) different Ga,In,Sn total content with W, : W, Wy, =6:3:1

respectively; (b) different W, : W, with 15% total content of Ga,In,Sn

3.2 HFRELSH

&5 4 F3 1RGSR (] Sa FSb) Fs b1 4L
B KSR (- 5h A1 Se) H R TR IR A, E 4
BT F3 AFRMES AELHIR K S LLZU a0 B 1% A4
Bres s (XL 5h A Se) . 256 XRD B3 (& 3) FRgiE (L
KrMZE R (% 4) nf LA, SPRMES AL Myl e Ag M
1 AgCu SLAAHLUA B XF LGS U S, AR ALHIE k3
HLUNLBHRIHL, FFBERIRINE Cu MR EE R I E Ag
ARV ELH i, RIALUSAT R 2 FiAH A —2
HIERTE, X0 F3 EPRHEA RAFIN TR AR

Xif LA B A AT AT, e v i TORE K AL B R F3

R4 F3ERES(E sb) fELELR AL ( B Sc) iREM BRI M2
Table 4 Energy dispersive spectroscopy composition analysis of
the micro-areas in the cast state ( marked in Fig.5b)
and rolled and annealed state (marked in Fig. 5¢c) of F3

filler

Mass fraction/ %

Micro-areas

Cu Ag Ga In Sn
A 66.87  4.32  21.67  3.79 3.34
B 3.45  80.54  0.78  15.23 —
C 64.53  3.82  31.65 — —
D 4.61  80.70 105  13.63 —
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&5 F3 SFRHESHETE (a, b) FARAELHIE KSHBIH (e, d)
SEM . (a) &A%, (b)@ifh; (o) KM, (d)

Fig. 5 SEM images of F3 filler in as-cast (a, b) and rolled and an-
nealed state (¢, d): (a) low magnification, (b) high magni-

fication; (c¢) uncorroded, (d) corroded

EPRHIEBE D Ga 5 B T30 Cu A, In 45 1
T Ag AT, B Ag MU T ARG Gay THHT Ag
HURIET Cu B EMEAT R Y Sn TE 2,
3.3 fEZR

ERFISII 2 0, B SEAE 675 C ST AR FE A (R

10 min B T 240 F, XF F3 4FRERF CulgZr FERF 47 12
PERESEATINR, Z5RME 6 fis, WE 6 iTLIEH, F3
EFRHBLIAE CulgZr FEMF R TMIE AN R, UiH F3 47k
XF CulgZr S HLAT RGP R e g, 1T IR A 13 4T K
TR CuAgZr B4,

6 F3EFRHE 675 CHIXF CulgZr b1 AR
Fig. 6 Wettability of F3 filler on CuAgZr substrate at 675 °C

F3 4FBHE 675~735 CATR CulgZr & &3 8
SEM &R 4P 7 iz, P Ta HPAFRTE 5B 23 B 25 1
RS, WNE 7a LA, # 675 CEMRIRE T H#ki#
PEIX IR A E i & Ag MIFNE Cu #H4LE, HihE Ag M
PRI TAPIRE Cu A, [ Ak 422 X 3 b [l o A7 A 2>
It Sn AR AT X 5L,

B 7 F3AFRHEAR AT EREE R CulgZr A4 L AR SEM B8 A (200 wm 4T85 58/ ) . (a)675 C, (b)705 C,

(¢) 735 C

Fig. 7 SEM images of CuAgZr alloy joints with 200 wm gap width brazed with F3 filler at different temperatures: (a) 675 C, (b)

705 °C, (¢) 735 C

x5 7a PEIERBEERE A ST
Table 5 Energy dispersive spectroscopy composition analysis of

local positions as marked in Fig. 7a

Micro-areas Cu Ag Ga In Sn
A 63.27 3.83 17.24 — 15. 66
B 1.53 81.01 — 15.96 1.50
C 35.11 46.13 6.98 9.72 2.05
D 77.26 5.18 17.56 — —

ERRRRT R, BEAE RS AT R Z 8]0 B 8 s
PR Cu VREEREIN, Cu MRBEBER, AgCu 3541 49Uk i
FL M Cu VREE S AT RRIRIEAG 56, AT IR S HGH %
K, Cu VREEBE R, BFARREBLRRT (675 °C), ¥ HGH

RBUIN, BESEPRHY Cu WRBERAR, BERS RS Je s
HE Ag A, TREERE S A, A A3 SRR T
SRR ROV AE R Ca AH, BERE S AL ZUN A 7a R
PRI AL s Ag AHAT AgCu 25574t i 4, SFIRIRE ST 2=
705 CCH, Cu MREER R, LR 25 20 A B 900 42 1 3L o
WA L, BEE )G H P AgCu L FBHLU(E b)), #H—H
T2 735 °C, AgCu SEFAAZIT NG E (K Te)

FE 675 C T EF MR 200 wm 4F 4% 9 B #2339 Vo
JEZ 2k 275 MPa, B5UIK O SEM BE A& 8 Fras,
Sk BB E W M ARAE, JE T AL RE MR, Rk
Ag61.2Cu23. 8Ga3In10. 5Snl. 5 4T KL 7E 675 °C F 4T &
CuAgZr G MR g i B I B PEAL &, X
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PP HORE 2 PRAE A R4S 9 TAR R SEvE AN 2k, 55
b, AEW AR WL B — SR ALIR SR i AT TR B
%, SPRARSIMEAN B,

K8 F34TRHE 675 °CRETAR 200 pm ST4% 58 BE H2k 1 BT Iy A3
Fig. 8 Shearing fracture of brazing joint with 200 pm width brazed with
F3 filler at 675 C

i AgCuGalnSn £FBL AT LLELI#E 700 °C A2 47 4T 45
CulgZr &4, IR E T EFRE CulgZe A & 1T LUGESEM 19
Je M5 BE IR H] 100 MPa A6 47 (3R 1), #H LT 800 C LA |
BRI, FEbF R IR B SR T T4 — A%, JF TR
TR B2k B 5 1Y BY U o RN B 0 B, TR
AgCuGalnSn $FRHHURE i Z2 SUEICER, I AgCuGalnSn
FPRLE T CulgZr B &M A ETAE,

4 £ it

(1)Ga,In,Sn BN 5% ~15% (B35, Ga fl
In AT L 6:3~1:8 Z[AF) AgCuGalnSn F 5 4F LA
RGP AN AR RE AN AR A AT AR IR BE (700 C 22ty ) . Horp
Agb1. 2Cu23. 8Ga3In10. 5Snl. 5( K7 RN B 6 F i it [
8L, RIRD) EPERBR SRAR, 675 °C, iZETRIZHZH
B Ag HIAIE Cu MHALAL, X 2 FPAH RA R4 b,
T AT RHEA B4 r i T HERE

(2) Agb1.2Cu23. 8Ga3Inl0. 55nl. 5 4T K} 7l LLAE 675 ~
735 CZIMEFIE CulgZr B4, HRHB M E Ag M
e Cu ALK, BEESFEREE R TS, X g i
B AgCu FLMALL, 675 C FEFE 200 wm £F4%, 4%3k7]
AAGL 275 MPa B YIS EE , 423k W R B PR, X
PP W24 T DR R 4 A 09 AR T SRR &e 2k

(3) f#i F§ Ag61.2Cu23. 8Ga3Inl0. 58nl. 5 4T K} 4T 45
CuAgZr G4 0T LIBRARET IR, 17t CuAgZr & & 1E
R, I B T A R AR R
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