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ABSTRACT: The paper aims to study the microstructure evolution of Cu-Ni-Al-Mn-Fe aluminum bronze alloy cold met-
al transfer (CMT) additive manufacturing and its corrosion resistance at different temperatures. Thin-walled specimens of
aluminum bronze alloy were prepared by CMT arc addition. The microstructure evolution of the specimens at different
locations was studied by optical microscopy, and the potential polarization curve of samples in 3.5% NaCl concentration
was tested in electrochemical workstation to analyze its corrosion resistance. The microstructure of the aluminum bronze
alloy produced by CMT arc additive was mainly represented by three regions. The first three layers of microstructure were

transformed from a substrate dendrite to a columnar crystal region; the intermediate stable region was mainly a uniform
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columnar crystal microstructure grown perpendicular to the substrate direction; and a region where columnar crystals

turned to dendrites was in the last layer. When the temperature was raised from 20 °C to 60 °C, the stable potential Er of

the material dropped from —0.2540 V to —0.2745 V. The self-corrosion current density increased from 2.84x107% A/cm? to

5.149x107° A/cm?. With suitable process parameters, a thin-walled sample of aluminum bronze alloy can be obtained by

compacting and defect-free CMT arc additive. In the stable region of the sample, the microstructure is epitaxially grown

columnar crystal. At the same time, the sample has good corrosion resistance in the 3.5% NaCl concentration solution, and

the electrode reaction speed is accelerated due to the increase of the medium temperature during the etching process, and

the convection and diffusion of the solution are strengthened, thereby accelerating the anode process and the cathode

process, and thus accelerating the metal corrosion. It can be seen that the influence of the medium temperature on the

corrosion rate is very important.
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CMT Cold Metal Transfer

Fronius TPS2700 CMT
MIG

3~260 A 13.2~28.5V
0.5~22 m/min

3
Q235 200 mmx100
mmx6 mm 1.0
mm 1

1 Cu-8AI-2Ni-2Mn-2Fe
Tab.1 Chemical composition of Cu-8Al1-2Ni-2Mn-2Fe

alloy
Cu Al Ni Mn Fe
1% 8 2 2 2




B B IR EAE . CMT HLII B T 3 BR 75 59 ROV 2 R T I e 4 BE AT

5 151
2
99.9%
2.1 BRARSZH
CMT Cu-Ni-Al-Mn-Fe
10 mm 5 mm
4.0 m/min 0.50 m/min 2a 2b
14 L/min
FeCl, 5g +HCI AT
w=37%, 5 mL + 50 mL
12s CMT-AM 1
CMT torch
2¢
Wire
Depositing 3
X oSt
3a
- CMT
Cu-Ni-Al-Mn-Fe
Substrate
3b
K1 CMT-AM T2 )58 2¢
Fig.1 CMT-AM process schematic 3¢
CHI650E 3a
3d
20, 40, 60 °C 3.5% NaCl
CMT
SCE Cu-Ni-Al-Mn-Fe
3.5% NaCl 20 min CMT Cu-Ni-Al-Mn-Fe
=500 200 mV
0.2 mV/s 4a
4b 4c
z
0 X
a xOZHHAFE I WIE SR b Bt 55— 245G A O R c B2 GEZE A MHIRA S

K2 CMT-AM fi#4& Z WOA U5
Fig.2 Macroscopic and microscopic morphology of CMT-AM copper alloy
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Fig.3 XOZ surface columnar crystal formation regular microstructure of Cu-Ni-Al alloy by arc additive manufacturing
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Fig.4 Microstructure of the top layer of Cu-Ni-Al-Mn-Fe aluminum bronze alloy by CMT additive manufacturing
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Fig.5 Polarization curve of CMT-AM copper alloy at different temperatures in 3.5% NaCl solution
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Tab.2 Corrosion rate and various parameters of CMT-AM
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Fig.6 Typical dynamic potential polarization curves of

copper alloys in simulated seawater measured by
electrochemical test system
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