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Fig.2 SEM images and XRD patterns of Ti substrate and TiO, nanotube arrays electrode
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Fig. 3 Hypophosphite oxidation and Cu?*" ions recovery via photoelectrocatalytic (PEC), electrocatalytic (EC), and
photocatalytic (PC) processes using TiO, nanotube arrays photoanode
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Fig. 5 Effect of applied voltages on hypophosphite oxidation and Cu*" ions recovery via PEC process using TiO, nanotube
arrays photoanode
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Fig. 6 Effect of initial pH on hypophosphite oxidation and Cu”" ions recovery via PEC process using TiO, nanotube arrays
photoanode
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Fig. 8 Effect of electrolyte type on hypophosphite oxidation and Cu?* ions recovery via PEC process
using TiO, nanotube arrays photoanode
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Fig.9 /Effect of different NaCl concentrations on hypophosphite oxidation and Cu*" ions recovery via PEC process using TiO,
nanotube arrays photoanode
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Fig. 10  The amount of reactive chlorine produced in the PEC
process with different concentrations of NaCl
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Fig. 11 Effect of different TBA concentrations on hypophosphite oxidation and Cu*" ions recovery via PEC process using TiO,
nanotube arrays photoanode, and ESR signals of DMPO—-OH
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Pk, [AET 0.5 mmol-L™' [y Cu 100% L) 4 J& JE X AE IR DT AR Rl . S 90 b5 pH o 4.9 BF, R
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Fig. 12 XPS spectra of deposits on cathode films at different reaction time
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Photoelectrocatalytic oxidation of hypophosphite with TiO, nanotube arrays
anode and simultaneous recovery of copper on the cathode

ZHANG Juanjuan, LIU Yunhan, QIAO Meng, ZHAO Xu"

State Key Laboratory of Environmental Aquatic Chemistry, Research Center for Eco-Environmental Sciences, Chinese
Academy of Sciences, Beijing 100085, China
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Abstract  Highly ordered TiO, nanotube arrays electrode fabricated using Ti plate by electrochemical
anodization method was used as a photoanode under simulated sunlight (AM 1.5G, 100 mW cm?) irradiation
for hypophosphite (H,PO,").oxidation and Cu recovery. The performance for H,PO, oxidation and Cu recovery
in the photoelectrocatalytic (PEC) process was evaluated compared with the individual electrocatalytic (EC) or
photocatalytic (PC) process. The effects of applied bias, initial solution pH and electrolyte type were
investigated in detail. The results show that for 1 mmol-L™" H,PO,” and 0.5 mmol-L™" Cu**, 100 % H,PO,” was
oxidized to. PO, 100 % Cu** was recovered as metallic Cu within 180 min at an applied bias of 2.0 V, initial
solution pH of 4.9 and electrolyte of 10 mmol-L ™" NaCl. In this constructed PEC system, the increase of applied
bias, initial solution pH or NaCl concentration within a certain range was proved to be favorable in the
efficiency of H,PO, oxidation and Cu recovery. The radical quenching experiments and electron spin resonance
results indicated that hydroxyl (-OH) radicals were the major active species for H,PO™ oxidation. This study can
provide a reference for the resource treatment of wastewater containing H,PO,” and heavy metal Cu*" ions.
Keywords TiO, nanotube arrays electrode; photoelectrocatalytic; hypophosphite oxidation; Cu recovery;
-OH radicals
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