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Abstract — In this study, the supercritical electroplating was investigated by forming macroemulsion of electroplating
solution using surfactant in supercritical CO,. The fluorinated analogous AOT surfactant, sodium salt of bis
(2,2,3,3,4,4,5,5-octafluoro-1-pentanal) sulfosuccinate which has both ‘ CO, philic’ chains and ‘hydrophilic’ head group
was used as a surfactant, and Ni plate and Cu plate were used as the anode and the cathode, respectively. Electroplating
was carried out in the conventional method and the supercritical macroemulsion and both results were compared. The
supercritical electroplating was carried out in various concentration of surfactant such as 2, 4, 7 wt%, the volume ratio of
Ni-plating solution to CO, was varied in the range of 10-70 vol%, and propane was used as a supercritical fluid instead
of CO,. According to the experimental results, the plated surface of Ni on Cu plate performed in supercritical macro-
emulsion was better than that, in conventiona state. In the image of Ni surface plated on Cu plate in supercritical state,
there were fewer pin-holes and pits comparing with that in the conventional process. The current and conductivity was
increased as the volume ratio of Ni-plating solution to CO, was increased and the current and the amount of Ni plated on
Cu plate were decreased as the concentration of surfactant become higher. In addition, in case of the continuous phase,
using CO, was more effective than using CO,.
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Table 1. Thermodynamic properties of pure chemicals for calculating the critical T, and P, of mixtures

Chemicals TLK) P.(MPa) V (m3kgthol) Wk VvV, L/mal Zen
H, 33.15 1.29 0.065 -0.2324 0.0642 0.3060
CO, 304.14 7.37 0.094 0.2373 0.0938 0.2722
CiHg 369.82 4.24 0.200 0.1532 0.2001 0.2766
H,O 647.37 22.03 0.056 0.3852 0.0436 0.2338
V=3 sV +35xv 2 0 v v ®) 0
n =g VISV TV H—(CFZ);-CHZ—O—<
. a2 CH,
ViiTg = (Vi TV Ty) 9) HéSOs'Na’f
Wsrkm = Y XiWsgri (10) H—(CF,).—CH;— O
i
o = (0'291_0'080*@5'*““) RTen (11) C4H,0 + 2ROH — ROOCCH = CHCOOR;—RO0CCH,CH(SO; Na YCOOR;
Vi (R¢=H(CF»),CHy)
Al _ Fig. 1. The structure of sodium salt of bis(2,2,3,3,4,4,5,5-octalfluoro-
3 4 | 1-pentanal) sulfosuccinate.
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Fig. 2. The apparatus of electroplating using supercritical macro-
emulsion.
1. High pressure reector with view-cell 9. Magnetic stirrer
2. Cathode (Cu plate 1x2 cm?) 10. Pre-heater
3. Anode (Ni plate 1x2 cm?) 11. High-pressure pump
4. Voltammeter 12. Continuous phase cylinder
5. Pressure transducer 13. Ni-plating solution reservoir
6. Precision pressure indicator 14. Vacuum pump
7. Pressure generator 15. Thermostatic air bath
8. Thermocouple
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Fig. 3. The comparison of the surface of Ni plated on Cu (surf. conc.
=2 wt%, x600); (a) The surface of Ni plated on Cu in Ni-plat-
ing solution; T=328.15K, P=0.1 M P4, (b) The surface of Ni plated
on Cu in CO,+Ni-plating solution macroemulsion; T=328.15K,
P=10.0 MPa.
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roemulson (T=328.15K, P=10.0 M Pa, surfactant conc.=2wt%).
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Fig. 10. The surface of Ni plated on Cu in Ni-plating solution+CO,,
and Ni-plating solution+propane macroemulsion; (a) The sur-
face of Ni on Cu plated in Ni-plating solution+propane mac-
roemulsion, (b) The surface of Ni on Cu plated in Ni-plating
solution+propane macroemulsion (T=328.15K, P=10.0 MPa,
surfactant conc.=2 wt%).
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X, X : liquid mole fraction of component i and j
[0) : fugacity coefficient of component i
R . gas constant
Te T : critical temperature of component i and j
T, : reduced temperature
Pas Py : critical pressure of component i and j
Zeam : rackett compressibility factor of mixture
Zrpi : rackett compressibility factor of component i
Vg Vo : critical volume of component i and |

Vi : molar volume of mixture

ViV, :parameters for HBT correlations of component i and |
Vo, : parameters for HBT correlations of mixture

Wiy W - Parameters for HBT correlations of component i and j
Werkm : parameters for HBT correlations of mixture

K; - binary interaction parameter

[0} : the volume fraction of the dispersed phase

a . characterigtic factor (=1.5)

o : the conductivity of the macroemulsion system

On : the conductivity of the continuous medium

olo, : ratio of the conductivity of the macroemulsion system

against the conductivity of the continuous medium
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