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Fig. 1 Schematic diagram of electrochemical testing: 1—
Computer; 2—Electrochemical workstation; 3—316L stainless
steel electrode; 4—Saturated calomel electrode; 5—Platinum
plate electrode; 6—Anion exchange membrane; 7—Ultrasonic

generator
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Fig. 2 Cyclic voltammograms curves under different

ultrasonic powers
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Fig. 3 Cathode polarization curves under different ultrasonic

powers
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Fig. 4 Cathode polarization curves under ultrasonic at

different temperatures
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Fig. 5 Cathode polarization curves under ultrasonic at different

acidities
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Fig. 6 Cathode polarization curves at different acidities
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different electrical current densities

Chronopotentiogram curves under ultrasonic at
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Fig. 9 Chronoamperometric curves under ultrasonic
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Table 1 Technological parameters of tin membrane electro-

deposition under ultrasonic

Process parameter Current Average cell
P efficiency/% voltage/V
With ultrasonic 95.11 1.660
Without ultrasonic 85.84 1.725
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Fig. 11 Surface morphology photomicrographs of tin
electrodeposition under different conditions: (a) With ultrasonic;

(b) Without ultrasonic
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Fig. 12 SEM images of tin electrodeposition under different

conditions: (a) With ultrasonic; (b) Without ultrasonic
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Fig. 13 XRD patterns of tin electrodeposition under different

conditions: (a) Without ultrasonic; (b) With ultrasonic
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Electrochemical mechanism of
tin membrane electrodeposition in ultrasonic field

NAN Tian-xiang, YANG Jian-guang, CHEN Bin, LI Shu-chao, DING Long

(School of Metallurgy and Environmental, Central South University, Changsha 410083, China)

Abstract: Tin was electrodeposited from chloride solutions by using a membrane cell in ultrasonic field. Cyclic
voltammetry(CV), linear sweep voltammetry(LSV), chronoamperometry (CHR) and chronopotentiometry were applied
to investigate the electrochemical mechanism of tin electrodeposition under ultrasonic field. Cyclic voltammetry and
linear sweep voltammetry diagrams analysis shows that the application of ultrasound can change the tin membrane
electro-deposition reaction from diffusion control to electrochemical control, and the increasing of temperature, acidity
and ultrasonic power is beneficial to tin electrodeposition. Chronoamperometry curves show that the initial process of tin
electrodeposition follows the diffusion controlled three-dimensional nucleation and grain growth mechanism. The
coupling ultrasonic field plays a role in refining the grain and accelerating the electro-deposition reaction in this process,
and the high preferential orientation of tin (tin whisker) tends to be no preferred orientation. The tin deposition tends to
form regular network structure, and the tin whisker can be restrained. The ultrasonic coupling is more favorable to obtain
the more compact and more smooth cathode tin under the same condition.

Key words: ultrasonic; membrane electrodeposition; acid chloride electrolyte; electrochemical mechanism
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