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Abstract: To enhance the purity and properties of regenerated oxygen-free copper, the effect and mechanism of rare
earth cerium (Ce) on the removal of lead (Pb) impurities were systematically investigated. The influence of Ce contents
(0-0.4%) on the microstructure, mechanical properties, conductivity, and corrosion resistance of oxygen-free copper was
studied through microstructural characterization and performance testing. The results indicate that Ce spontaneously
reacts with Pb to form a high melting point intermetallic compound, CePb,, which effectively refines and eliminates the
Pb phase segregated at grain boundaries. The highest Pb removal rate reaches 68.39% when the Ce addition is 0.4%.
Appropriate Ce addition can significantly improve the overall properties of oxygen-free copper. When the Ce content
is 0.3%, the tensile strength and elongation reach their optimum values of 111.58 MPa and 8.05%, respectively; the
conductivity of oxygen-free copper increases continuously with the increase of Ce content; when the Ce content is 0.2%,
the corrosion resistance of oxygen-free copper is optimal, and the charge transfer resistance increases approximately six
times compared with the Ce-free sample.
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corrosion resistance
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Fig. 1 Schematic diagram of tensile test setup and specimen size
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Fig. 2 XRD patterns of samples with different Ce contents
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Fig. 3 Typical SEM morphologies and EDS surface scanning element distributions of Pb impurities in the oxygen free copper
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Fig. 4 SEM morphologies and EDS spectrums of the samples with different Ce additions
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CefFB /8% JHMRGRE/MPa  HLHGREE/MPa W5 < %/%

0 60.73 87.77 3.42
0.1 63.82 90.14 4.61
0.2 62.24 98.51 4.70
0.3 65.29 111.58 8.05
0.4 76.73 93.84 2.38
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Tab. 3 Polarization parameters of oxygen-free coppers with
different Ce additions in 3.5% NaCl solution

Ceffite E,, (vsSCE) L. B, B.

5 BUY% /mV /(pA-cm™®) /(mV-dec) /(mV-dec')
0 -219.02 6.36 88.5 -141.3
0.1 -199.78 4.64 44.8 -77.1
0.2 -185.62 1.61 46.8 -82.9
0.3 -224.08 2.78 51.8 -96.4
0.4 -215.68 3.52 41.1 -61.9
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Tab. 4 EIS fitting parameters of oxygen-free coppers with different Ce additions

CelTBME/% R/(Q-cm’) R/(Q-em’) RY/(Q-em’) R/(Q-cm?) Yepe/ ( Q's"-em?)  n Yepe / ( Q'-s"-em?)  n,
0 36.9 1080 771.9 1851.9 36.6x 107 0.85 512.2x 107 0.56
0.1 30.33 71.77 2217 2294.77 1.73%x 107 0.42 129%10° 0.90
0.2 39.53 1231 4728 5959 589 x10° 0.66 1.47x10° 0.93
0.3 32.56 5.543 2876 2881.543 34x 107 0.92 6.37x10° 0.40
0.4 37.13 186.3 2258 24443 1.15x 10" 0.46 19.7x 107 0.87
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