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Table 1 Chemical composition of Q235 steel, 0Cr13 stainless steel wire and common electrode

Fi 38U %
R -
C Si Mn S P Cr
Q2354 0.14~0.22 <0.30 0.30~0.65 <0.050 <0.045
0Cr13RNEH 24 <0.08 <1.00 <1.00 <0.03 <0.035 11.50~13.00
ELBT IS S 0.14 <0.49 0.33~0.78 <0.038 <0.06
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Table 2 Chemical composition of flux coating in self-developed wear-resistant electrode
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BLA WA ER

SR HEeS HREGE WLk

F 530 % 8.33 2.5 4.17 25.83 37.5
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Fig. 1 Schematic of underwater surfacing welding test system
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Fig.2 Macromorphology (a) and OM morphology (b—d) of cross-section of surfacing layer by cladding with wear-resistant electrode:

(b) third layer of surfacing layer; (c) second layer of surfacing layer and (d) first layer of surfacing layer
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Fig.3 Macromorphology (a) and OM morphology (b—d) of cross-section of surfacing layer by cladding with common electrode:

(b) third layer of surfacing layer; (c) second layer of surfacing layer and (d) first layer of surfacing layer
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Fig. 4 Friction coefficient curves of surfacing layers by cladding

with different electrodes
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Fig.5 Three-dimensional wear morphology on surface of surfacing layers by cladding with different electrodes:

(a) wear-resistant electrode and (b) common electrode
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Fig. 6 Wear scar morphology on surface of surfacing layers by
cladding with different electrodes: (a) wear-resistant electrode and

(b) common electrode
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Microstructure and Properties of Surfacing Layer by Cladding with
Wear-Resistant Electrode for Hydraulic Gate Additive Repair

ZHU Sisi" 2, HU Xing"2, WU Yifan?, ZHAO Jianhua’?, YANG Ke*
(1. China Yangtze Power Co., Ltd., Wuhan 210023, China; 2. National Engineering Research Center of
Water Resources Efficient Utilization and Engineering Safety, Nanjing 211100, China; 3. College of
Mechanical and Electrical Engineering, Hohai University, Changzhou 213000, China)

Abstract: A wear-resistant electrode was designed. The flux coating of the electrode was composed of reduced iron
powder, sepiolite ore, potassium feldspar, sodium silicate, rutile, fluorite, manganese powder, cellulose, aluminum-silicon
alloy, ferrosilicon alloy and rare earth ferrosilicona. The core was made of 0Cr13 stainless steel wire. Three-layer multi-pass
underwater surfacing welding tests were conducted on Q235 steel by self-shielded metal arc welding. The microstructure
and wear resistance of the surfacing layer deposited with the wear-resistant electrode were investigated in comparison with
those of a conventional electrode. The results show that the surfacing layer deposited with the wear-resistant electrode was
free from cracks and other defects, and its microstructure consisted of lath martensite and a small amount of d-ferrite. The
martensite grew along the temperature gradient, forming columnar crystals. Compared with the common electrode
deposited surfacing layer, the wear-resistant electrode layer exhibited smaller martensite grain size, a higher volume fraction
of martensite, and lower content of §-ferrite. Compared with that with the common electrode deposited surfacing layer, the
microhardness of the wear-resistant electrode deposited surfacing layer increased, and the friction coefficient and the wear
rate decreased; the wear-resistance was improved. The worn surface of the wear-resistant electrode deposited surfacing
layer exhibited shallow and uniformly sized furrows, accompanied by localized minor spalling, wear debris, and
microcracks; the dominant wear mechanism was mild abrasive wear.

Key words: underwater welding; microstructure; microhardness; wear resistance
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Effect of Cerium Content on Microstructure and Tensile Properties of 2319
Aluminum Alloy Components Fabricated by Wire Arc Additive Manufacturing

MENG Xiaohao, YU Shengfu, DENG Fangbin, CHEN Ying
(School of Materials Science and Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Large cylindrical components of 2319 aluminum alloy with different cerium content (mass fractions of
0.07%, 0.23%, and 0.52% ) were fabricated by a twin-wire cooperative arc additive manufacturing process, with ER2319
aluminum alloy wire as the primary wire and cerium-containing flux-cored aluminum wire as the auxiliary wire. The effect
of cerium content on the microstructure and tensile properties of the components was studied. The results show that the
microstructure of the alloys with different cerium content consisted of an a-Al matrix and secondary phases of Al,Cu,
Al;,Cejs, and dislocation pile-ups appeared around the Al;;Ce; phase. When the cerium mass fraction increased to 0.23%,
the number of Al,Cu and Al,;Ce; secondary phases increased and their distribution became more uniform, and grains were
refined; the yield strength, tensile strength, and elongation after fracture increased. When the cerium mass fraction increased
to 0.52%, the total amount of secondary phases was reduced, and the grains were slightly coarsened; the tensile properties
of the alloy decreased. The Al;;Ce; phase formed after cerium addition promoted heterogeneous nucleation due to their
small average lattice mismatch (less than 12% ) with o-Al, resuting in grain refinement. Second-phase precipitation
strengthening made the primary contribution to the enhancement of the alloy’s strength, and grain boundary strengthening
played a secondary role.

Key words: rare earth element; cerium content; wire arc additive manufacturing; 2319 aluminum alloy;

microstructure; grain refinement
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