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Electrodeposition of Aluminum Using Dimethylsulfone-based Baths in Dry Air
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Electrodeposition of Al, which requires the use of a nonaqueous bath, is usually performed under an inert atmosphere of argon or nitrogen in

a closed system, typically using a glove box, to protect the bath from hydrolysis. These operating conditions reduce productivity and increase

Al electrodeposition process costs, thereby hindering industrialization. As described in this report, we demonstrate the electrodeposition of Al

in dry air using dimethyl sulfone-AlCl;-based baths. By obviating a closed system, this method can facilitate the industrialization of Al elec-

trodeposition processes. Cyclic voltammetry, X-ray diffraction, and elemental analysis have confirmed Al metal electrodeposition in dry air.

Hydrogen evolution was observed during electrodeposition in dry air, revealing that the current efficiency for the Al electrodeposition process

was lower in dry air than in argon, although it remained higher than 90%. The poor appearance of the Al coating electrodeposited in dry air was

resolved using an additive. Stability of the bath in dry air for over a month was confirmed.
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Fig. 1 Cyclic voltammograms on a Pt electrode in a DMSO,-AICl3 (10:3

molar ratio) bath in argon and dry air. The scan rate was 50 mV s~ ".
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Fig.2 (a, b) Photographs, (c, d) XRD patterns, and (e, f) EDX spectra
of typical Al coatings electrodeposited in (a, ¢, e) argon and (b, d,
f) dry air. The electrodeposition was performed on a Cu substrate
at 40 mA cm~ for 15 min (for 36 C cm™?) using a DMSO,-AICI,
bath (10:2 molar ratio) .
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Fig.3 GC-TCD and GC-FID chromatograms of the gas evolved during
Al electrodeposition in dry air.
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Fig. 4 (a-c) Photographs of the Al coatings electrodeposited from the
DMSO,-AICl;-DMACI (10:3:x molar ratio) baths in dry air, where
x=01(a),0.01(b), and 0.1 (c). (d) SEM image and (e) EDX spec-
trum of the cross section of the Al coating electrodeposited from
the bath with x=0.01. The electrodeposition was performed at 80
mA cm”? for 7.5 min (for 36 C cm %) .
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Fig. 5 Photographs of the Al coatings obtained by electrodeposition at 80
mA cm 2 for 30 min (for 144 C cm ™) in dry air from the DMSO,-
AlCl;-DMACI (10:3:0.01 molar ratio) bath at the times when the
bath was (a) 17, (b) 28, and (c) 35 days old and had been used for
electrodeposition for (a) 50, (b) 79, and (¢) 100 h in total, respec-
tively. SEM images of the Al coatings electrodeposited from the
(d) fresh and (e) 35-day-old bath. (f) Current efficiency for the Al
electrodeposition vs. age of the bath in dry air.
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