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1.1 EHFIERER S &

SEIGFEAR R BEHE 30 mm JEEAY Q235 MM, A
YRR, FEHEATYS AR AR 2 T, H 180
b AT FE R HEAT TS LR A ALk B, Tk 2
B e BRI R TS, TR T R & .
HE SRR E ] 1.2 mm [ S215 F1S216 %42, 1iis
W2 firzs o M AR S50 78 46 JE T CMT advanced
4000 Y #5 HHEAT , ARAEBLA SR CMT B ik
R, DREPPRUA R, R R 6.9 m/min,
PR B 4 0.48 m/min.
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Table 1 Main components of Q235 steel plate (% )

% C Mn Si p S Fe

B 0.16 0.4 0.3 0.02 0.01 e
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S8R T 3 R R TE R R L, DD
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Table 2 Main components of S215 and S216 (% , mass

fraction)
iR Al Fe Ni Mn Cu
S215 9.5 0.8 — — S
s216 10.0 0.7 26 2.0 o

MG, RITLL 10 g FeCl,, 2 mL HC1 198 mL
TCK T TE ) P9 JE ek 590 R ek B 75 4 o SR T 100 mL
WAEFI 4 mL HNO, e o R F A0 Wit . 1
5 B 8% (SEM) FIBE TS {X (EDS ) %o e S AL A7 21 21
55T
1.3 BESEEREENR

SR FH 4 TCRE B2 1 F 47 8 R AG I, 3K 88 o
5 kg, PRIEEFRIY 10 5. RTHFI7 g g LT
g I, IR AR AR AR I 1S0 4386-
2: 2012 Hr (iR 42 8 J2 5 B R T 8% T 2 mm (R
SEWEI I ) i 2%, R BRI anE L R,
TRSFNE IR d5amE TR AN

R= "o (1)
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e

K1 25 asm ke ()" (b)Seyylal

Fig.]1 Bonding strength specimen: (a) Schematic diagram; (b) Sample image

x3 FAEBEEXHERS

Table 3 Specimen size for bonding strength testing

- AL 25 HFR WoME MR HIRA AN MRAEIME  WERE e 2
Almm? D, /mm d,/mm d,/mm D, /mm h/mm t/mm
T 200 200 38.0 24.0 12.1 28.8 30 5
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A AL SUE AN /N, 05 S215 R[A], H ik o A5z
PR Y B AT CMT #5583 T fE 5 A9 2k
PRITE 7] 48 75 il — D Bl DA OC .

20 um [REERREEN

K2 (a,b) S215F1(c,d) S216 FEARIMFEARAT Y RAHLLURIR : (a, o) CMTHRER; (b, d) Pkt e
Fig.2 Microstructure images of (a,b) S215 and (c,d) S216 under different welding modes :
(a, ¢) CMT welding; (b, d) Pulse welding
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Microstructure of steel substrate before and after welding: (a) Microstructure of steel matrix ;
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(b) Microstructure of steel after

CMT welding; (c¢) Microstructure of steel after pulse welding
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Fig.4 SEM images and line scan of S215 under different welding modes: SEM images of a joint for (a) CMT welding and (b) pulse

{rb, DEYBARL, DY HABATEN T, &

welding; Line scan of copper-steel joint for (¢) CMT welding and (d) pulse welding
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Fig.5 Distribution of surface elements in S215 under pulse mode
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Table 4 EDS analysis results of S215 bonding interface

(% ,mass fraction)

[X 5§, Cu Fe Al
[&] 3% 1 80.8 16.2 3.0
3 2 0.7 98.6 0.7

BEXES216 G 4r, XIS A Gl AT 4
AT, 45 R 6 Frs , & BAE -4 45 A X kB
BT 25 wm B9 P X8, ik — 2k on R 4l
B, X JR B X AT RIS A B, a5 R AR S R,
g Pt U X 8 3 0K K Fe 78.4%, Cu 13.0%, Al
6.2%, Mn 1.3% FINi 1.0%; 1 ¥ X 3 4 B0 Z 504

H Fe 86.5%, Cu 12.6% 1 Mn 0.9%. 5 S215 A [f]
g, HOd XA Fe JU R N 3, 15 S215 HE S
(13 P X IO R L Cu G o X T B T 78
8216 {4, A 4 I0E Ni Al Mn [B7 T o A,
JEUA B R SRR, NRERE R, AT 1S 6 e
REEMG FER — BRSO, R 2 R I
BRI, TS R AR AL, £ AL SR 13
FAEHT , BB s Ak, B X
S, DT o 0 IX A TR 2K DL Fe TR L I B
AT RCE il FEHIETRE—M, TE & 6 ARy R
5345 K Fe 6.6%, Cu 80.8%, Al 8.7%, Mn 1.9% Fil
Ni 2.0%, X AT RHE S BRAIK, (A5 5 22 1y AR 4%

EP:F:’—;F/ um

6 S216 7E ik npi T 19 (a) SEM EI% K2 (b) e FA 1 K%

Fig.6 (a) SEM image and (b) line scan patterns of S216 under pulse mode
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Table 5 EDS analysis results of S216 bonding interface

(% ,mass fraction)

[X 3 Fe Cu Al Mn Ni
3 3 78.4 13.0 6.2 1.3 1.0
&3 4 86.5 12.6 — 0.9 —
3 5 87.5 113 — 12 —
i 6 6.6 80.8 8.7 1.9 2.0

i Cu-Al “JCHHEI TSN, 459 5 A 4 o 41 21
S ol B v AL B A o HHH ALTE
Cu FER L B B 4 AR, EA A 4
P A A . B AR Cu AL A SRR A [ A4
ELAG 5 v O R R e AR R L 43R AE 550 °C
DL b, BHIER <6 Cmin it} , M &4 b
N, FEAS R o ARy, By, AR DA Cu AL A AR AY
BAAR . AR AHEEROR, B AT R A R T
TR B, BUFHSHREE | R, (HIAPERL 2
Cu-Al-Fe =0 A MK AT, S215 i AL 5 it 435X
}9.5%, Fe [Fi 43800 0.8%, A& i, HEIR
HEUN o MLy, A1 S216 (AL A AL 43
B10% ., Fe [Tt /3%00.7% . Ni i 5348 2.6% . Mn
T 350 2.0%, i Cu-Al-Fe = JoAHE 0] 41, 24 Al
it 53 B0 10% | Fe Ji &t 70 80 0.7% I, =i 4
LU0 o tHl+y, 4. Mn TR BERFEIE T o B, 25
o MG AT, T R AIRAR 5 4 i LT A AR Ui
BE . NigoRBRBeHE AT AR IR AN, BB o
FRIEA . 2 Ni i /- BORARET , o MR AR 2
Ni JF 350k 3% IG5 g Fropkl s

B S215 1 S216 HEAE Z A FLAK T T I, X 49 -
i BT R AT G A v R R, 45 Rk 6 TR .
S2157E CMTHECT , il -F9 45 5 TP Y 45 G o B R
528 MPa, 7EIk it R, 4N 45 G 1H-E 3 45
AR N 490 MPa, H I ZH 254 0 RE W if0 24 & AR 7E
88

SR, i B AE Gk U AL - R SC B TR A A
254 Kb (5 B R T H AT R SR BE . S5 TR AR ]
(R &5 B 5 SR | 5 TR ST I A A L SRR
1S A B A G P JE L R A DG A G
P VI 6. S215 78 CMT IR R, SR
BB/, o AHEE AN, A AL ARG R, B AR
BT oA . Mo IER kKA TR AR, il
N S G AL 7= FEAVE A, 58 AR 0BT FLBH AR £
B, MR TR Z AR SRR AR AT, i

R as SR & .

F6 S215F1S216 EREMHHEIREHEGRE
Table 6 Bonding strength between S215/S216 and steel

substrate after welding

YT

o
ETRe? s gt 1-1 12 13 14 B
IR AL KN T 102.77 99.99 102.70 105.01 102.62
S50 /MPa 528 519 528 538 528
I EATAN 9468 79.73 9638 114.06 96.21
454 /MPa et 482 405 490 585 490
TR0 A /KN - 99.87 97.02 101.2 99.90 99.49
LEG ORI/ MPa 517 505 526 520 517
RN . 10512 115.68 108.52 110.02 109.83
454658 /MPa Jicrt 539 580 527 550 549

S216 7E CMTBLU T, i -4N 45 & T3 45 5 i
JE 4 517 MPa, ZERK AT, Hil-4N 45 A 1 3 2
AR E N 549 MPa, 1ES2164 47, Mn FIl Ni i i
P B [ 1 Cu SRk, Y ILR PR HI T, 7%
JOT D A 4 v I e B A, R TR DT
T 51 S b A% 5B R AR, (A5 S 4 SR R
S215 A A TER — MR AT, B SR $u A
AR, AR HBAORBRBEHE, XEHRT
(EBR A T AT e EE | AL 2B A ST R,
P AR AR R, RPN T . YRR AT RS IR
WA K A fl i, VRS 2 AR S s,
FARBAN I A=A MERSHNBA,
PE— 2B AR T AR TR ZS A S, 5] 2
gy, FEAENRERIK. WENLZEAIER,
15 CMT BT S216 4553 BERGAIR T 215, 7E NIk
T, BHE P BRI, Fe U B L
WAL R S £ T, Fe u RIEHE R P
W% DA e A W R ETFLVE T, (A5 5 4 fokE
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R, FIH CMT 3G 44 il 1 R AL S215 #1216 5 42
F%?ﬁﬂu%@ﬁimoﬂ¢ &wfmnﬁ
BT | S216 TEMK BT | B A Sk S5 40 &
S R AR S A %%ﬁﬁwm,ﬁwm
T DA RE 1 e B R AR e ELAR 5 4 R AT i T B v 5 0
SRR R fE , ASE AT RLIE R T 5948 FH
T ELAB 52 A8 B AS AP X 3 A B 4 P AR RS MR AT

3 4

1)S215 1 S216 1E CMT ., Jik i ¥ b A5 22 45 =X,
T, - R R A RAFENR eSS, Witk
ATEM, R T L GRENRTBEZRE
A () 5

2)S2157E CMT#ECT, Fifi 5 M 4 2 A B 0
AN, JRIE S TS 2 B 7 2 o M T AN B AR
B, AR B L AT FLAVE 3G 4 &
FEARSL T Wk opAsi =4 24 38 MPa.

3)S216 44, BEE Ni fl Mo JCE AN, 3
R A BERE N, & &0 S AL M — 1S
BN, 2R IE BRI, 2 Fe TR MY
B, 15 S216 1Y a AHEE A1/, 55 ZAHTE IR, 7E
kT, B A AR 2B K, Fe TR
FIP 8 e Sy, R B S AL Fe oo
R REETHAE R, o A1 AR S A0/ AR i S
G, ETFLO RS S — 2, 455 R EE AR T
CMTHEAFE T2 32 MPa.
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Microstructures and Properties of Aluminum Bronze with Welding Process and

Microalloying

NING Shaochen', CHENG Zhan', ZHOU Xiong®, ZHOU Jifa', WANG Wenjing', SUN Han'

(1. Ningbo Intelligent Machine Tool Research Institute Co., Ltd., China National Machinery Institute Group, Ning-
bo 315700, Chinaj; 2. Jiangxi Copper Technology Institute Co., Lid., Nanchang 330096, China)

Abstract: In response to issues such as complex interface reactions, concentrated stress on the bonding surface, and severe impact on
the welding performance of heterogeneous materials, the effects of cold metal transfer (CMT) process, pulse process, and microalloying
on the microstructures and bonding strength of S215 and S216 aluminum bronze were studied. The results indicated that both welding
modes achieved good metallurgical bonding at the interface of aluminum bronze and steel matrix, and fractures occurred on the copper
side. In CMT mode, as the welding heat input decreased, the microstructures of S215 were affected. The o phase was finer and the sec-
ond phase was more dispersed. Bonding strength increased by about 38 MPa compared with the pulse mode. Under the same welding
parameters, the results obtained for S216 were opposite to those obtained for S215. In S216 alloy, with the solid solution addition of Mn
and Ni elements, melting point of the alloy decreased, and more welding heat was absorbed by the steel matrix under the same welding
parameters. Therefore, in pulse mode, the diffusion of Fe element from the steel matrix to the copper-based brazing filler metals domi-
nated. Heterogeneous nucleation and Fe element enrichment at grain boundaries by Fe element diffusion shaped o phase grains to be
fine columnar and equiaxed. Pinning of dislocations was further intensified, increasing bonding strength by about 32 MPa over CMT
mode.

Key words: aluminum bronze; cold metal transfer welding; pulse welding; microstructure; bond strength

doi: 10.3969/j.issn.1009-3842.2025.05.010
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