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Eledric double-layer cagpadtors, which arein commercial
—ized state, use adivated carbon as adive material. Acti-
vated carbon has many pores, espedally micropares, and
they contribute large surfaceareaof adivated carbon.
Many reseachers think that radius of micropare is smaller
than thickness of eledric double layer formed on the sur-
faceof eledrode and therefore micropare canot contri-
bute energy storage by eledric double-layer.(1)lmpedance
spedroscopy can show physicd properties and chemicd
readions of eledrodes. Therefore, some reseachers used
impedance analysis for knowing the role of microparesin
EDLC. But most of them are measured at uncharged sta-
tes. Red capadtors cary out their roles at charged states.
So it neals to check the behavior at charged states. In this
experiment, we dhose two adivated carbon— A :
microparous and B : mesoparous. And we measured im-
pedance behaviors at charged states. Table 1 shows the
physica properties of adivated carbon.

Table 1. Physicd properties of adivated carbon

Properties A B
Spedfic SurfaceArea(m?/g) 1748 2457
Mesopare Area(m?g) 171 112
Mesopare to total arearatio (%) 1 45
Mesopare to total volume ratio (%) 16 59
Average pore size (nm) 191 2.08
Capadtance (F/g)
Measured in 1M 108 140

Et,;NBF,/Propylene cabonate

We ohserved impedance behaviors of A and B at various
charged state. Working eledrodes were made by slurry-
coating on the duminum foil . Carboxymethylcdlulose
was used as binders. Eledrolyte was 1M Et,;NBF,
/Propylene cabonate(PC) and reference dedrode was
lithium metal. Open-circuit potential (OCP) of A and B
cabonis 3.1V vs. Li. If the patential of working eledrode
islower than 3.1V vs. Li, the dedrodeisin regatively
charged state and the larger is the gap between the
potential of working eledrode axd OCP, the more
negatively charged state is.

(a) A carbon (b) B carbon

Fig. 1. Nyquist plot of A and B carbon at
negatively charged state

Fig. 1isNyquist plot of A and B carbon at negatively
charged states. In general, apolarized eledrode is

represented by constant phase dement (CPE). Inided
case, the phase of polarized eledrodeis 90°. In Fig 1., the
Nyquist plot shows that adivated carbon eledrodeis
represented as combination of the solution resistance,
contad resistance and constant phase dement. At B
cabon, as potential is charged negatively, the angle of
CPE part isalmost invariable. But at A carbon, the angle
of CPE part deaeases, as potential is charged negatively.
A and B carbon shows no evident Faradaic readion at
measured paentials. So the reason of it is caused by the
difference of physical properties between A and B carbon.
To make sure that this effed is caused by the difference
of pore size, we used smaller ions than tetraghylammo-
nium ion such as Ethyltrimethylammonium ion(EtMe;N™).

Fig. 2. Nyquist plot of A carbon
in 1M EtMe;NBF,/Propylene cabonate

Fig. 2 shows the Nyquist plot measured in 1M EtMe;N
BF,/Propylene cabonate using A carbon. Contrary to Fig.
1(measured in Et;NBF,/Propylene cabonate), this graph
shows ho change of angle of CPE part. Smaller ionsin a
pore may have the same meaning of the increase of pore
radius. Therefore, the result of Fig. 2 suggests that the
change of angle of CPE is caused by the pore size

It is known that the size of ethyltrimethylammoniumion
in PCis0.298 rm and that of tetraghylammonium in PC
is0.3431m.(2) Comparing Fig. 1(a) with Fig. 2, it can be
postulated that CPE angle begins to change & a aiticd
ratio of ion size axd paesize

From these data, the dedrolyte in micropares at charged
states has other properties than the dectrolyte in meso-
pores. Recantly, it is suggested that the variation of
resistancein eledrode or eledrolyte an give riseto non-
ided cgpadtor behavior. (3)

These phenomena can gve important effectsto EDLC
performance Because the using condition of EDLC is not
OCP state but charged state, non-ided cgpadtive behavior
such as small CPE angle affect the discharging properties
of EDLC, espedally high power charging/discharging
condition. (4)
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