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Fig.1 Assembly method of shear and metallographic specimens (a), shear specimen (b), and shear strength test method (c)
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B, MEEH Ag FEERREEBIEA SRS, o
ARER 5, 10, 15, 20, 25 min J5 ¥ A 28 B R GE R H ,
F2EH 50 um JEIER B R S BITE K, SEOUET R
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K12 900 “CF A [R) DR IR 8] FR) 7K VAR 125 45 57 T S B0 A
Fig.2 Experimental flow diagram of freezing interface by water

quenching at 900 ‘C with different holding time
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Interfacial
area 10 ym

B3 HF4%%8F 50 pm 3k 870 CRiE 5 min $F 44 EDS 41
RN
Fig.3 EDS line scan result of brazing joint brazed at 870 “C for
5 min by 50 um thickness filler
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1% Bt 72 1T Ae 2 eV AR A, ARE B R, B Ja it
NAEHI BAE Cu BHEX ALK, BILK K Cuzr AH#
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BRREIX Bl R B0OK AR FR 73 $OBOK 1) & A i, %
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£ 50 pm F48 % %, FFFRIRE 870~900 C, fRIf
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N, EPRFXCE AR ¢, EFPRFX B AgCu Jt fi 4L 214
B, FEIHX 5 900 C{RIE 10 min PA_E R A 4R 5 /K 1)
Frim AL, e Bk, WE 5b ik, Cuzr AR
B K H BT ST DXCRIER R .

£ 100~200 pm FEF4%5E B, BF i A% 840~900 C,
fRi#E 5~20 min T2 N HILEE 3 FiZH 2R, il 4c, 4d,
4g, 4h Fin, FHXHEE Cu tHME Ag MHAK,
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Fig.4 Microstructures of joints brazed at different brazing temperatures for different holding time using fillers with different thickness

F 1 840 CHIRRERIZ 5 min $F12 200 pm $FEET R 1L
4240 (& 4c) &#WIX EDS 5 2 #f
Table 1 EDS micro probe component analysis of 200 pm filler
thickness brazing joint brazed at 840 °C for 5 min
(Fig.4c) (/%)

Region Cu Ag Mn Zn Zr
A 44.30 33.33 1.36 - 21.01
B 5.82 88.54 5.64
o 73.47 8.90 12.25 5.38
D 34.21 58.96 6.83

F 2 900 CHFIZREIRIR 5 min $FI2 50 pm $F4ETE LS

424t (& 4b) Z#X EDS g5 247
Table 2 EDS micro probe component analysis of 50 pm filler
thickness brazing joint brazed at 900 C for 5 min

(Fig.4b) (/%)

Region Cu Ag Mn Zn Zr
A 64.11 1451 - - 21.38
B 97.41 2.59

BUETVIR, #FRHX H AgCu JE 4L 4IRIE Cu M 4LAL,
CuZr AH H LT Fm XA ERRHX, LB i B i — 2
KR IS

2.1.2  KEHrik A HpAT AR AL LR R R T AZ AT

900 “C A [A] {7 il Bk 1) PR3l ¥4 20T RL 55 BEA ST
HERWE 5 . WEFRX AT B 0 B, 40 A X 3k
ik 5a X4 A fios, 4 RaE 6 fis.
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TS ) XN A ] b S TH AN AR RS, T HLBE
A TR R XA R — A i R TR AN 6 . i IR IR
10 min BEAF [R]— diobn f 0 A0 50 B0 7 i ik s,
Kl 5a X3 B, & 5b XK B Fras. 1 H K AR
I 8] T % 30 5 AR 3R 10 min i R0 BT TR SR AL, G &
5c. 5d. 5e fiizx. B 6 LRI 5 min B Cu 7EEFKFX
K EEN 57.2%, =T JRA61F 48.8%, T IR 4G%EF
B Cu (5B Zn LLAF CuAgMn B 5 & 73 % 51.6%. ilF
B 900 ‘CERIE 5 min £F KX 5 BE# 2 (8] () F41f0 Cu i
& 11 i 382 AREA ) BT R X 47 8

Kl 5b, 5c, 5d, 5e Wi, il O il A RE K,
TROREET ) R[] A BE A D R T 5 0 5 A L 2
fa 1 BEA, B 6 on Cu [ & 2> 20 5 min FF4A 23
BB RACIES, T Ag & & RIS S E %,
Cu 1 Ag 15 & 7 B L B 75 12 25 08 S £F R Cu
RV B FF A0 1 v I 4R AE — MR FETE I 2 2R
BRI SA  E B BER ST AR REIX — 0 (¥ 3R T AN
) TR} DX A A I ELBEA IR Cu 1) 6 E X 1R 47 BOH i 2%
FHTHIREA 5 THE B 61 U B A & Cu AHTE J3 1 A T A
XEE Cu MTESN 1% E K s g% T BEM 55Tk 2
V) P 470 o A% i

FFH 7K O o 2 DLVR 45 ST ANETRHX, il 4



« 3724 - A & EMES T

50 3%

50 pm 50 pm

KI5 900 "C AN [l GG N 1] 7K VR R v 01 BTk DX F i [X < A 20 27

Fig.5 Water quenching microstructures of joints brazed at 900 ‘C for different holding time: (a) 5 min, (b) 10 min,

(d) 20 min, and (e) 25 min
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s

Fig.6 Effect of the holding time on Cu and Ag concentration in
filler area of the joints brazed at 900 ‘C quenched by water
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(c) 15 min,
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BGX 2 AN Fr B £ ] .

Kl 5, B 6 FrigthECERn S BRaS SR 4
BT 7R (1) 3 PR AL 2 m] 1, 2% Fh AL R0 T J i A% 43 0 D«

51 ME Ag AH R MR AT T B FIEFRLX E Cu
FZ BN H R TE i, =& RO RIR B B, #3k IEALTE BE
B AR R X B FEBY B, T A B B TEFRHX Cu ik
B e T O ST BOR IS Cu AH, R R IR B S
FILR T T & Ag A .

52 MEFRLX AgCu 3L s H IR TE R, =& T IRl
B B & R VA Ak T S5 R A [ B B, VA T A
KR T 3L g i gy, MBS L R Bl 4t i 4 ZURRE

5 3 FPEFRLIX L AR E WA T, AHT
PRl B B 45 o I VR 7539 2 S 4 b & Cu AR SR A
IRl BB fl T 3 i 2 2R & A 1 R R X ZH 21,
2.2 FEELETOFMASTYIEE S

BIUNARE B RSB 7 B, B’ 7 RS IX
BAY AT INER 3 Fis. B 7 SR 0 23T )0 At
PEVR G W AR E . Hod, ORI CuZr AH M I B
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K7 870 °C#iR 5 min£T42 50 um £ 4% 55 B $3 K BT 4 11 SEM
T35
Fig.7 SEM micrograph of a fracture for 50 pm filler thickness
lap-shear joint brazed at 870 “C for 5 min

#*3 E7HEMXEDS S HINER
Table 3 EDS analysis results of various regions marked in

Fig.7 (w/%)

Region Cu Ag Mn Zn Zr
A 60.34 17.49 - - 22.18
B 66.68 28.87 - - 4.45
C 36.15 57.28 4.30 - 2.27

XK B o Cuzr #HIFE A Mn o5, XIEM T
F 1RSI E] Mn 7T & 1) CuZr #1940  Mn SR T CuZr
T HFRE Ag HHAIE Cu .

ANFEEFIEIRE . AN FIEF 4258 B EFIE 5 min 8k
BV Re 4 ] 8 Fr 7 o NI AT LU i, 840 “C£F 42 5 min
I, 50~100 pm £FJ5 B8 FE (1 8 1) 5if B2 BB BT 4% 9 (1 14 K
K, £T4% 58 B KT 100 pm 0BT 58 % L6
SN 870 C LA LW, 5 B BE BT B S 39 0 S 38 K5 Ik
/I, Hort 50~100 pm B 4% 56 B 4 Sk i) 3R 3 KT 840 C
SRS, 7€ 100 um 47429 % 870 ‘C{##E 5 min
i, Bk PrsyUlas A B f K, 308 MPa; B 4T 4%
B EE— BN, SRR M /N T 840 C R4k iRz
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TR B U R ] 9 o, IR RTBLE H,
A [ RGBS TR) T, 42 S BY ) e o 46T 45 B8 155 1) 88 v
B0, I ELAH T AT AR R S R, R I I TR
XoF $% Sk BY U108 B PR S M /N o PRI TB) R, 200 pm
BT 4% W5 5 1R 4 Sk BU BT V) 5 4 AT E 250~270 MPa.

il 8. B9 TN, BESkPUEY U 6 AT 4% 98
JE B AR Ak 4 52 BT R S I B K B Sk B Eg )

SR JEE B R UL INT A PR RE I /0N, 4 Sk U BT D7) 9 2 B T 4
B P K AR 95 52 O T INF 1) FRT R IR /0 o JE K PRl P
[ 13 Sk 0 BT U7 5 B2 A /N BRI s 7 840 "C AT AR L FE I
Pk R R BB BT 4% 98 FE RO E N 84 0K, 870 °C LA Ll
=S NN N R

g5 5 6 o ORI BT BUT BHX i A2 a3,
DRI BV R TLA% S A FERT FE RS BT VIR e T 0, B
) TR R A« ST XA SRR B ], AETRHX 2% b oe
B[ BER (03T BCRE 1 [ B BT 46 BT R IXC K
g BRI IATERE B T R A AT R X AL AN, A [E
RIETRHX A ZUE B T A A Bk U a VI

M 4 BRI 3 FhEF 4 2H IR0 7 (¥ DS AT

310
300 -
290 -
280
270 +
260 -
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230
220 +
210

200 1 1 1 1
50 100 150 200

Filler Thickness/um

—=— 840 C, 5 min
—— 3870 C, 5 min
—e— 900 ‘C, 5 min

Shear Strength/MPa

K8 (Rl 5min T, ANFEFEWRE. AR %I KN
B 5
Fig.8 Effect of temperature and filler thickness on shear strength

of joint brazed with holding time of 5 min

270 -~
< 260F
o
S 250
ES
2 240}
= 230+ —® 840 C, 5min
(2 840 C, 10 min
3 220 —4— 840 C, 15 min
B 510l —v— 840 C, 20 min

200

50 100 150 200
Filler Thickness/pm

Kl 9 840 CHMRIREET, ASECRIELITIA] . AR T 4% 5 B2 4%k
f B0 BY D) 5 B

Fig.9 Effect of holding time and filler thickness on shear strength
of joint brazed at 840 ‘C



* 3726

Mol @A RS TS

50 3%

H1, CuZr AHRTRE2 I 554 K BT IV o 1 T R AR
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221 FERAAR CuZr ABst KT iR E &
CuZr AR F B FE i 80, CuZr AHEHE Sk
2 BI85 Y) JWAE L 2 o R E0IE, k] 10 s . AR
I RO BT R Kiow REUBRRE Y. RAK
¥ a MBLURFaY R ST oc 2 17 156 R0,

K¢ =ocY+/a (D

A5 oc Fla IR B R, Fibh Cuzr AR Tk,
W BT 2E CuzZr MRS a ok, RIURRY RN
71 oc B/ [RI Wl Zr Jo & EDS ARt 7R, b
T EThE, CuZr AH7E W7 2L 1H b P o5 R T AR O T 1
Z, WIE 11 fin. Bt CuZr AHHIES 7 823k J128 M RE .

XL 11a, 11b AP 11e, 11f, MK 1lc, 11d
AT, AT ORI () AR, IR I T S B
b Zr P BTN, X U T T e R R A AR A R X
CuZr AH I /3 A5 R B« EFRHX Zr JCE S =AM F
BE#E CuZr M ARG, CuZr MR~ b sR48 K, IF
HiR RS, BEMER g2, BESERIX Zr
ey EwkE, &SP Cuzr MM
JR~F. MK 1le, 11f AT %1, 7E 840 C 4L K AR IR [A]
N33 Zr TR I E R XU IE K ARG I ) I Cuzr
MRS Mgz, Hor s moke, %%, B 4 Wik
BT X — e

M 11b, 11d £54 & 8 I 401, £F4% % KT 150 pm
W, FFIRIR R 870 C, BEM b 2 Zr Ju R MR

840 C/5

900 ‘C/5 min

NEFRFX s Bcpi 8 D) s B SR N B . AWK 11b, 11f
541 9 WA, EFEEYEFEAE 200 pm B, CuZr AHPE R
Gk FF D P A A R 5 FBE PR 5 M A /0N
222 FEKRAHAR AgCu E£ah4AR Mn LE A EATE
kI 5% E 4R ok
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with 200 um thickness filler
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Microstructure and Properties of Brazing Joint of CuAgZr Alloy Using
AgCuZnMn Braze Filler

Lei Ruichao’?, Cao Qigao?, Zheng Jing?, Wang Ruihong®, Wang Guoyao?
(1. Xi’an University of Technology, Xi’an 710048, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The brazing of Cu3Ag0.5Zr alloy fins and baffles was studied. Cu3Ag0.5Zr alloy joint, with the brazing seam width of 50~200 um,
was brazed using Ag37.5Cu48.8Zn5.5Mn8.2 braze filler at 840~900 °C for 5~20 min. Solid-liquid interface morphology of the brazing
joint at the insulation stage was retained by water quenching. The microstructure of the joints and shear fracture morphology were studied
by scanning electron microscope (SEM) and energy dispersive spectrometers (EDS), and the shear performance of the joint was tested by
universal mechanical testing machine. The results show that brazing joint structure has experienced three stages including the dissolution
of the base material into the brazing filler metal area, the isothermal solidification of the Cu-rich phase, and the cooling and solidification.
Three kinds of microstructures exist in joints which are Ag-rich phase distributing in a network between the base metal and the Cu-rich
phase, AgCu eutectic structure in joint gap, and the filler zone structure consisted of AgCu eutectic and copper-rich phase. Besides, CuZr
phase distribute in the interface region and braze filler region, and Mn in the braze filler region is dissolved in Ag-rich phase and Cu-rich
phase. CuZr in the brazing joint structure weakens the joint shear strength, meanwhile Mn element strengthens the joint shear performance.
Shear strength of joint is affected in the way that brazing temperature, holding time and filler thickness control the brazing seam structure,
size and distribution of CuZr phase and Mn concentration in filler area of joints. The maximum shear strength value, 308 MPa, is
obtained at 100 um thickness filler brazed at 870 °C for 5 min.

Key words: Ag-base brazing filler; CuAgZr alloy; vacuum brazing; brazing joint strength
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