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Effect of Al+Zn elements of filler metal on microstructures and
shear strength of magnesium alloy AZ31B brazed joint

MA Li, LONG Wei-min, PEI Yin-yin, ZHANG Jian-yuan, DING Tian-ran, YU Xin-quan, SUN Hua-wei

(State Key Laboratory of Advanced Brazing Filler Metals and Technology,
Zhengzhou Research Institute of Mechanical Engineering, Zhengzhou 450001)

Abstract: In order to research effect of Al+Zn elements of the filler metal on microstructures and mechanical properties
of magnesium alloy brazed joint, the wrought magnesium alloy AZ31B was joined using two kinds of Al-Mg-Zn filler
metals by high-frequency induction brazing mode. The microscopic structure of the filler metal, microscopic structure
and the mechanical properties of the brazed joint were studied. The results show that the solidus and liquidus
temperatures of the filler metals are light increment when the contents of Al+Zn elements of the filler metals increase.
The a-Mg+f-Mg;;(Al,Zn),, divorced eutectoid structure forms in the brazing region due to the intensive alloying
between the molten two kinds of Al-Mg-Zn filler metals and the solid base metal AZ31B occurred in the brazing process.
The original microscopic structure of the filler metals disappears completely after the brazing process. As contents of
Al+Zn elements of the filler metal increase, the volume fraction and microhardness of intermetallic compound
[-Mg,(AlL,Zn), increase too, and the shear strength of the brazed joints decreases. The overlapped joints exhibit
intergranular fracture mode, the fracture comes from f-Mg;7(Al,Zn);, hard brittle phase.
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HHT, BB AT AR VA T2 BT
SRR BIGETIR L JERNAET IR B BTN T
FRAFOTOL A SR AHLL, BES SMETR AG
TP, TR A T B RSR RN, A8
FBS SRR IR R E B R A 2] 2 800 C
JSON B TR IR e T RGBS TR
TR B LLREP RS B e R A AT H C AT
WEARE, R A R T HA AT R PR T 3 i
XPEE BT I WA A 235 7 27 1 e AR 5% i B A
AT FEE AR WBN A OCHRIE . 4 T T M Ek& S AT kL
AlZn JER GRS SRR B MRS T
PERERISEMTRLE, AR KPRl Al-Mg-Zn B4
PRI AR TR 4 AZ31B HEAT mbiUR N ETAR, 0 AT ek
B ST EEL RONA ZL TSR AH SR ET AR
ik Re, DUNREAT AR R A TR R 2R O FT 42
A LA b B AL SRR B2 IR AR AL AT A
SN UTEAIN) YIS

1 X8

RIS TR S AT, R R U N T AR 7
O, AR SP—35AB U AN,
I K 30 kW, IN#IZ 50 kHz, @ THEN 0.6
L/min. B}FFFRHIEL AZ31B G S0, BE
3.0 mm. 56 T AZ31B BERF 1) [ AH 24 566 °C,
WAHLIREE N 627 “C. AZ31B HIbRUEALZE K R 1
A 22 X SFHEATS 0N B G 4 AZ31B R4k
FHIE R — 1) o-Mg [E A o ST Kb RS 42 e
Kb UE GB 11363—2008 447, RFESF A 80
mm X 24 mm X 3 mm. $F4ER R QI201 1 A TR
R, BFA QU201 BIRRAEAL 2% B4y o KCI-32LiCl-
10NaF-8ZnCLURE /8 %), 5157 QI201 [k &
YR 460~620 C. AIRIGETIHEE R 490~520 C,
ETSRINTR] R 90 s, ST fE RS0 R I HI 2
U OG5 I e T F A9 22 bl 2 BRAr ek
AREET A AR AR A 2 3 mm,
FEREABEUE: 0.3 mmo ] HV-1000 25 vHAEE &
ST A L) WS . ] MAGIX-PW2403 1 X
RICCHE 3 BT T SE AL 221 55« F STA449F3 1Y
g5 A o A AN K BT ORE 0 0 A IR E X TR . H
AXIOSCOPEA1 62 Wi Be M4 T RHI WA ZH 28
. H JEOLISM6500F 414 i1 WA BE (e EDS)H
DSADVANCE #4Jig % FH A% X 5 LA S A SO A4 4%

ST AR ST S A T AT, AT RS 1 02
PEEEMRR T MTS—810 #ENINR R4 .

F1 AZ31B BAEM Y
Table 1 Chemical composition of AZ31B magnesium alloy
(mass fraction, %)

Al Zn Mn Si Ni Fe Mg
2.5-35 0.5-1.5 0.2-0.5 0.10 0.005 0.005 Bal

2 FHRE55

2.1 SPRIERGALR R

PRI AT Al-Mg-Zn STRHE M 9140 54 1
SN2 AR BRI X 966 T IR
gk 2 frsl. ik 2 wTLAEH, 1 S5FEHY
Al+Zn JCEMEEAN 63.4%, 2 TEPEHN Al+Zn 0 &
N 69.8%. LLEA I HTACNTT 1 5 4FR [
AL LN 444 °C, WAHLZIRE A 458 °C; WfG 2 5
BB A 2RI A 447 °C, WAHZIRTE A 462 Co
AT WL, BEEET R Al+Zn JCE SR8, TR
{140 ] A 2 AN VBRH 2 Bt B 2 A7 BT s n . DRk RER
AZ31B BB G 1 [ AHZR LS A 579 °C, A ZRE
FER 635 °C, BT APHAPMETEIY QIR BIEHRE R B
(10 55 FEAC TR o X T ERATS A BT A AT 45 R B,
PR B & B 34— B2 8AH Mgsa(AlZn)g 45, PR
EPRLR) XRD 23 Hrillik s Ran &l 1 fros. PRETRLT)
ARSI 2 Fis. IWE 2 rT LG H
1 SEFRHHAIRT LIS AT T A0 Mgsa(ALZn)y A1
Ao ME 2(0) AT U H 2 SEFREHR/NFITEARAS
BRI IR Mgsa(AlZn) e FHEZH F o

22 FERELERAR

MWl Al-Mg-Zn T EIET AR AZ31B A2 AR &85
PASLIZ MW 3 Frzs. WK 3 FTLUEH, 4T
PR IAMNIE ST, AT Bk, 7S AEA
RGPS B PARRETRIET AR AZ31B Bets e RE AT

Fz2 WAERRHOL Y
Table 2 Chemical composition of two kinds of filler metals

(mass fraction, %)

Sample No. Mg Zn Al
1 36.6 10.2 Bal.
2 30.2 13.5 Bal.
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Fig. 1 XRD patterns of filler metals: (a) No.1; (b) No.2

B2 PR B ES
Fig. 2 Optical microscope microstructures of filler metals: (a)
No.1; (b) No.2

PREEFERCR RS T B S it A SO S 18
4 s I 4 ATRUE Y, FTHRER A AR 2N

WA R BRSO B 1 SEPRT RS

BEM T BUZ S REL R 20 pm, 2 SEPRMTIRSE G 4
BEM Y BUZ S Z0 0 15 ume [, o] LUE B Fh
FPRMT IR B < S I DX BT 4 N P R A B T K 15
FH KB R < S (AL 5 WA SR (U R A, PP R R
Al-Mg-Zn EPEFP ) Mgso(AlZn)ge HHHITESES B
FHIf RS RA BI . PB4 A )
FHORH R AL S PRI A TR S O, 1 55T R
FEETEE A B 4 a8 TR S DI AR 3 B B N T

B3 FHE RS R I
Fig. 3 Macrophotograph of overlap joints
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Fig. 4 Interface SEM image of brazed joints: (a) No.l;
(b) No.2



320 o E A (8 R R 2014 4E2 A

2 SEPRHERT S8 T AR B S AL S PR AR AR 2 2 PIRRETRIET IR S A St e Sk P AL I e 3 A7
WAt id, BAEETRD AlZn i S AN, TR IR 5 . WK S aTLGE Y, PRRET
Bk SR MHL SR A A AR btz BHTRSS S R RS A X R — UK Mg Juz
B EAE, Al Zn R ERUR ARSI IEETAE M K

5 FPIEIRHIY SEM B TR IS R
Fig. 5 SEM images of brazing interfaces and element surface scanning results: (a) No.1 microstructure; (al) Mg element; (a2) Al

element; (a3) Zn element; (b) No.2 microstructure; (b1) Mg element; (b2) Al element; (b3) Zn element
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TR E RSB R GPAL, Mg JoR & BRI,
Al, Zn TEESER . FROFMAKL, Mg tESE
BE, Al. Zn TUE S HEE.

2.3 FPIRIESLSTHEYIHE

EHR R H X 20615 A a4S 1 58 2 S4T4%
[IPIIEE RS 30k Mg81.8 AllS.5. Zn2.7(Jii
S %, FRHAT Mg77.9. All18.2. Zn3.9. LHjifh
il Al-Mg-Zn £PEMEE S AHLE, PRRPETRHET AR 42
SLIETEE T Mg Jus S KE . R RHE MG &
G BRI RSy, ARETR S ET AR IR Y
AT I Gy o ARPRET AR I, 5 4k
53 Ja) B4 S U W P R AT R E AT AR R o, RSB S
SR K S R S B AR T R AT 85 4L 23, 5
WEFEET ) Mg JCE 2R BT Mg o G e B
(TR AT 28 ) Al Zn JCE7 28 T BRI R
M, MNISE AL Zn JTEARE & TR PRPEE
FT IR EE O G LAT 44 XRD T4 ik 6 Fios,
ML 6(a) M (b) T LU i, PIRTET 4% 1) Wik 41 2335 th
a-Mg AT B-Mg,7(ALZn), AHZL R B Mg-Al —J0H
SARPE AT E00, R AR A AR FE AR TR £k IR
1N A et | I = v S P e T W A
Lea-Mg, FIER) o-Mg AHPLSENTH IR, Zedi i
(1) a-Mg FHVRIE) AL J135 5GBS ok il F 4k 2k
A7, T ALJR AR 52218, Hribi o-Mg
FHIRISP-38 73 Ko O 5 P-4 T A 2%, 22 4R 1K) AL D A4
M. AR LIRS, &8I 437 CIH
RAE AR AS ) o-Mg FHAT B-Mgy7Aly, AHI3E i
N, Lesa-Mg+p-Mg,Al,. {E 437 CHE Al JRT4E Mg
JE 7R R T e, TR E] 12.7%, SR S
32.3%M ALJR 1o AR T 437 CIRMAHZRT, B
BIFRAE K. BT Al Zn PG RIR 7R E
Failr, {EAHBEEERRE D Al BRI E S
Zn JR FIUAR, WEt e p-MgpAl, MHEZST
S-Mgi#(Al,Zn), #1 . SZFr &, p-Mgi(ALZn), &
B-Mgi7 Al 13 FEAHUC0L, P 2 1) it A 45y e A AR TR
LA R T a-Mg AR T5E0T 1) o-Mg
FHAEKC, it AL 2L (1) B-Mg7(ALZn) i HH7E o-Mg
B LI AT KK, AT i a-Mg+B-Mg7(Al,Zn);,
(B AL 2
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Fig. 6 XRD patterns of brazing metals: (a) No.1; (b) No.2
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Fig. 7 SEM images of brazing seams: (a) No.1; (b) No.2
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JES. ik XRD Al EDS Zi40Hral 4, 18 7 v 2 4a
FAREN R a-Mg [ A, AR B eIk 4 s (a4 5
YIEN Ky B-Mg7(AlZn), AHle MK 7 BHERTLLE S, 2
SOLE 7o) EFAE T f-Mgin(ALZn), AR 2L
T LS (UL 7(a)) EFT4E ) B-Mgi7(ALZn) o AHIARFR 53
. Wil ZEISS-MIAPS K {FlE, 1 T4F4EK
B-Mgi7(ALZn), ARG K05 T 4% BN 2L B A
I 22%; 2 TETEEN B-Mgiq(ALZn), AIAAAR 73
B TS A SR AATR A BT 59%. Bt U, Bl
FHEPRI AZn JTER S EMRE N, & B I EF R
LT 51 5 & B AL S P B-Mgi7(ALZn),, AAFR 73
b bE G .

24 SHREL PR

F AR VAT 150 2 SEPRMT RS a3
PEET RS PR E TR B-Mgy7(ALZn), o AHTEE 34
5539900 124HV FIl 188HV, a-Mg &% A4S 5 7 ¥ (4
30 94HV R 127HV, WL 2 SERRMTERSK
B-Mgi7(ALZn), AHAT a-Mg [ (1 S 24 v T 1
TR AT AR B Sk b A B PR I B R BE L, HL
B-Mg7(Al,Zn), AHI BIEEEE KT a-Mg [EEAA T 2
TUAEFE . PR R AR S A U T R 3R 4] 8
Jise MW 8 ATLAE th, PR RMT A L

B8 FAHLFLIN KT 1 SEM B3
Fig.8 Fractographic SEM images of longitudinal profiles of
overlap joints: (a) No.1; (b) No.2

FUNTEHIE R AR a-Mg i SRR 2 A R R
B-Mgi+(AL,Zn),, AHAL .

PRI BT AR 5 S R A PTG = R
HAZIESNE 9 Pros. A 9 ATLUE Y, Pidek
FIK O 2 FZ B-Mg7(AlZn), TR, (HIFE
A& 2 PIVEWRIN T WA S A5, WD FIE # %
LW R NEPEmT R . HIAPRHI R L AS 1 50 2
FEPRMTRSR I PUBT SR 7351 46 A1 28 MPa. 1
SEPRHT IR ESR U R W R T 2 SRR AR
PERRIPTET R . T 1S EPRIP R Al+Zn JTR
HEUNT 2 SEPR A+ Zn TR SR, Bk, fEAHTE
LT &M, PR EF R AT 2 3R Sk BT g8 T
S-Mgi7(ALZn)p AR BOAA], 1S EPRAT I RRAET
48 p-Mgy7(ALZn)p AHRIARRA S BB N T 2 SR RIET
PR AT ST p-Mgi7(ALZn) o AHIG AR 2.
S-Mgi7(ALZn), ABEA WA EPES R e 59, 2%
FISMIVERS, £F4%T B-Mgi7(ALZn), AP AR
REJIIRAK, a-Mg IPMASTE BE 0 B, W9 ARAE B i
—HARE, MerEROURE AL f-Mgi/(AlZn), HTE
B RE s RN, B-Mgi7(ALZn), # Y5 a-Mg FEAR S
WEAEZ RIS TIAE I By 2 A N B, AE N IR
TR, AR A-Mgi7(ALZn) o AR ST AT it
AR, DL, TIPSR BT R I B
v et PR 2R R . 2% BTk, 2 SAPRMTIE K

B9 LRSI SEM T
Fig. 9 Fractographic SEM images of overlap joints: (a) No.1;
(b) No.2
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ETagrh B-Mgi7(ALZn) o AH AR 53 H50RT S i e B2 #S 5
K, H p-Mgi/(ALZn) i, H a-Mg FEARFRIALESN )
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B-Mgio(ALZn), FHIEMTFA, IFAH T, AT
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BYOR TS T 2 PR IR e Sk P B i 1 5
(58
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A G R A N, AT AR ST S RN ST Ak
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B PES B A Y. B AT IR LR RE,
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F2 Sk rh M R T A S 0 R R AR 2 B

3 Zig

1) BEEETEIT AZn JuR S R0, STRHK i
FHE AT e S s A 4

2) (EATHERERET, PFD Al-Mg-Zn 5T RS BEAEE
B AZ31B B R ARG SACAE T, AEET 28 34 7 i
a-Mg+p- Mg17(A1 Zn) B 5L, ETIE S AR

GRTA eV TR R AR 1 AT oo KB

3) Fﬁ%ﬁ*ﬂrqﬂ Al+Zn JUEE RGN, FHE L
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