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Fundamentals of Current Transient Technique and their
Applications to Interfacial Electrochemistry

Heon-Cheol Shin, Jeong-Nam Han and Su-ll Pyun
Department of Materials Science and Engineering, Korea Advanced Institute of Science and Technology,

# 373-1 Kusong-Dong, Yusong-Gu, Daejon 305-701, Korea

This paper explained the principles of the current transient technique and their ap-
plications to such practical electrochemical systems as hydrogen and lithium intercala-
tion systems. The atom and/or cation transport through Pd, transition metal oxide and
hydride forming electrode has been well described on the basis of the analysis of the
current transient. The current transient characterised by the transport obeying Fick’s
law shows first a linear relationship between flux and time in logarithmic scale with a
slope of -1/2 and then a steep exponential decay with time, which is termed the two-
staged behaviour. However, in the presence of trapping, stress-induced diffusion,
phase boundary movement and electric field, the current transient is specified by non-
Fickian behaviour which deviates from the two-staged behaviour. Based upon the
analysis of the current transient, we investigated the influence of each factor on the
hydrogen/lithium transport through the electrode.

Keywords : current transient technique, diffusion, Fickian and non-Fickian behaviours,
trapping, stress-induced diffusion, phase boundary movement, electric field.
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2.2 CURRENT TRANSIENT TECHNIQUE
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Fig. 1. (a} Potential step experiment in which
species O is electro-inactive at E; but is reduced
at E,. (b) Concentration profiles for various times
during the potential stepping. (c) Current versus
time. C.* : equilibrium concentration of species O.
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Fig. 2. Reduced current decay transients in loga-

rithmic scale, log (7/Qrota) VS log . Hydrogen was
previous injected into the Pd foil electrode for
2000s at 0.1 Vy4+ and then potential was
jumped to 0.90 V4. The reduced current is de-

fined as the measured current | divided by total
charges Qo1 Passed during the hydrogen extrac-
tion.
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Reduced Current, ifQ,, / s"
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Time /s
Fig. 3. Reduced current decay transients in loga-

rithmic scale, log (7/Quota) VS log . Hydrogen was
previous injected into the Pd foil electrode for
2000 s at various potentials as indicated in the fig-
ure and then potential was jumped to 0.90 VH/H+-

The reduced current is defined as the measured
current | divided by total charges Qi.a passed

during the hydrogen extraction.
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Fig. 4. Theoretically calculated decay transients in

logarithmic scale (reduced hydrogen flux vs. re-
duced time) for the metal electrode including one
kind of reversible trap with various release rate at
a constant capture rate. The reduced hydrogen
flux is defined as the flux divided by total charge
passed during the hydrogen extraction.
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Fig. 5. Reduced current build-up transients in log-
arithmic scale, log{ i/ Qwta) VS log ¢, obtained from
50V-anodic WO; film in 0.1M H,SO, solution.
After pre-polarizing for 1000 s to maintain the
uniform initial hydrogen concentration at the
hydrogen injection potential indicated in figure, fol-
lowed by dropping the first polarizing potential to
another hydrogen injection potential lowered by
0.05 Vgce the resulting build-up current was re-

corded with time,
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Fig. 6. Electrode potentials obtained from the po-

rous Li;.sCo0O, electrode in 1M LiClO, propylene

carbonate solution as a function of lithium content
(1-8) during the lithium intercalation(() and
deintercalation{ A ).
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Fig. 7. Current build-up transients in logarithmic

scale obtained from the porous Li;.;CoO, elec-

trode in 1M LiCIO, propylene carbonate solution.
Lithium was injected into the electrode by drop-
ping 4.2 V(j/i+ to various lithium injection poten-
tials as indicated in the figure.
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Fig. 8. Typical current decay transient in logarith-

mic scale after moving the electrode potential to
-0.6 Vugmgo on a LaNi, ;Al, 3 porous electrode
galvanostatically pre-charged at a current density
of 100 mAg™! for 1800 s in aqueous 6M KOH solu-
tion.
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Fig. 9. (a) Current build-up and (b)decay tran-
sients in logarithmic scale obtained from the po-
rous Li;_sCo0, electrode in 1M LiCIO, propylene

carbonate solution under the application of smaill
potential step, 50 mV /4.

& Holy RRolmnz, AaY 2Eol29 %7
Tzot 7 FE dAdodAM HEFEY Aol
Z g FEgo] o GAgM A Ze 4H
o]t}. £ 4, current build-up transientE AHH
B A pEde] A ggdlx: EFsin A
gkl He42, 3 AFY PEe] 271240
8 27 ARl FolAR HolA e

Oc} o}a io]j— 9\11‘:} 0174 Lll 5C002

rir

(I

2 e

=

AU gF ol FE7 ARFE A3
dl Aol alFolee 35d FAAF7L Fo}
£ A43E a8 3A FE5E v oy

vk, current decay transient® Xg TE
Fdeg Hlch F, $9f 2 83y gAF
o} #HAA ABzZEA current decay transient
Al Aol FETE 271 FI] FoE o
A u, HAle 271 AFgke] At A ¢
o] A9 &L E £ Atk ©lFY current
build-up transient®] %7] AFH=H v E o
current decay transientA] 2] 27| A Fgto] A
3 gk ojeid A& oW Yol o3 FYF
o]0 o]Fo] H ¥ A& AlAEE Ao
2, 8]¥F deintercalationA] Li; sCo0, Aol A
717l BAE 4+ AL AZEd f4A oA
F Aok LijCo0; Ao 3 NMR(nuclear
magnetic resonance) =% A9 o3lH YFL

Sl A ol2e] HeHz SAsL AAE T
Hozg vrA H™WolA hoste] AZu)(conduction
band)oll 928t Aoz LA Aok whapA,
Li; sCo0z; ASHAA gFol&d olgd =4
Aol ofet Ay Fd dHME GFE ¢
& 5 Jdoh HZd He ¢ gFoles XY
gt LipCo0p AF9 AL HAAZEV} o] &
o HaiA 4gs 2mz 2fFolee] A
F ez wMAYLE A dFHUZFA A
Z 3 % (electron-depleted layer)o] ®wEIx 1
olZelsl HAFU e HrFo] PP 0131
F d71Ee FdEE W fEolle] MIHY
Fog olFde AL WHIHZE, current
decay transient ArellA A 71 AFY
2718 ¥FA "

N

4. 24 E

A & 7}A] current transient technique & £3)
ABEWA AL xR o]29 &AL A=
W fEsie 7EHQ o8 2 A sy



244 @574 53] A 25 A 1998. 4
Wl 2o ] Ayt FAae Rz W 15. B. Baranowski, J. Less Comm. Met., 154, 329
$3E AqsA dReRonz sz ATAE (1989).
oA e Eoo] Hale AAEY. g AL 16. K. Kandasamy, F. A. Lewis, J. P. Magennis, S.
Q= Yee Yite SAEL g B o G. McKee and X. Q. Tong, Z. Phys. Chem., 171,
9 WEe EYF, current transientd] AH}E 213 (1991).
17. D.-J. Kim and S.-1. Pyun, press in Electrochim.
g, FHHoz AFEHY =Po UHY
Acta (1998).
o Folth 18 J. Stefan, Ann. Phys. u. Chem., 42, 269 (1891),
cited in ref. 6.
References 19. W. D. Murray and F. Landis, Trans. ASME D,
81, 106 (1959).
1. D. D. Macdonald, Transient Techniques in Elec- 20. R. A. Tanzilli and R. W. Heckel, Trans. TMS-
trochemistry, p. 69, Plenum press (1977). AIME, 242, 2313 (1968).
2. A. J. Bard and L. R. Faulkner, Electrochemical 21. G. W. D. Briggs and M. Fleischmann, Trans.
methods : Fundamentals and Applications, p. Faraday Soc., 67, 2397 (1971).
136, John Wiley & Sons, (1980). 22. R. Barnard, C. F. Randall and F. L. Tye, J.
3. P. H. Rieger, Electrochemistry, p. 210, Prentice- Appl. Electrochem., 10, 109 (1980).
Hall. Inc., (1987). 24. S. Crusius, G. Inden, U. Knoop, L. Hoglund and
4. 7. Gauls, Fundamentals of electrochemical anal- J. Agren, Z. Metallkd., 83, 9 (1992).
ysis, 2nd ed., p. 111, ELLIS HORWOOD (1994). 25. R. A. Huggins, M. Wohlfahrt-Mehrens and L.
5. H. S. Carslaw and J. C. Jaeger, Conduction of Jorinssen, Mat. Res. Soc. Symp. Proc., 293, 57
Heat in Solids, 2nd ed., p. 92, Oxford University (1993).
Press, London, (1959). 26. J.-S. Bae and S.-1. Pyun, Solid State lonics, 90,
6. J. Crank, Mathematics of Diffusion, 2nd ed., p. 251 (1996).
17, p. 47, Oxford University Press, London, 27. Y.-G. Yoon and S.-1. Pyun, Electrochim. Acta,
(1975). 42, 2465 (1997).
7. C. J. Wen, B.A.Boukamp, R.A.Huggins and W. 28. S.-1. Pyun and Y.-M. Choi, J. Power Sources, 68,
Weppner, J. Electrochem. Soc., 126, 2258 (1979). 524 (1997).
8. A. McNabb and P. K. Foster, Trans. Metall. Soc. 29. S.-I. Pyun and Y.-G. Yoon, accepted for publi-
A.IME., 227, 618 (1963). cation in Molecular Crystals and Liquid Crystals
9. S.-I. Pyun, D.-J. Kim and J.-S. Bae, J. Alloys & (1998).
Comp., 244, 16 (1996). 30. Y.-M. Choi, S.-I. Pyun and J.-M. Paulsen, ac-
10. T.-H. Yang, S.-I. Pyun, and Y.-G. Yoon, cepted for publication in Electrochimica Acta
Electrochim. Acta, 42, 1701 (1997). (1998).
11. S.-I. Pyun, J.-N. Han and T.-H. Yang, J. Power 31. T.-H. Yang and S.-1. Pyun, Electrochim. Acta,
Sources, 65, 9 (1997). 43, 471 (1998).
12. D.-J. Kim and S.-1. Pyun, Solid State Ionics, 99, 32. W. Weppner and R. A. Huggins, J. Electrochem.
185 (1997). Soc., 124, 1569 (1977).
13. F. C. Larché and J. W. Cahn, Acta Metdll., 30, 33. M. B. Armand, Materials for Advanced Batter-
1835 (1982). ies, p. 145, Plenum Press, New York, (1980).
14. F. A. Lewis, K. Kandasamy and B. Baranowski, 34. Y.-G. Yoon and S.-I. Pyun, Electrochim. Acta,

Platinum Metals Rev., 32, 22 (1988).

40, 999 (1995).



Current Transient Technique2] ¢z 2 AAA7| 38l && 245

35. S.-I. Pyun, J.-W. Park and Y.-G. Yoon, J. 38. Y.-M. Choi, S.-I. Pyun, J.-S. Bae and S.-L
Alloys & Comp., 231, 315 (1995). Moon, J. Power Sources, 56, 25 (1995).

36. C. Lim and S.-I. Pyun, Electrochim. Acta, 39, 363 39. B. Ouyang, X. Cao, H. W. Lin, S. Slane, S.
(1994). Kostov, M. den Boer and S. G. Greenbaum, Mat.

37. S.-1. Pyun, T.-H. Yang and C.-S. Kim, J. Appl. Res. Soc. Symp. Proc., 369, 59 (1995).

Electrochem., 26, 953 (1996).



