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ABSTRACT

Spherical LiyTisO,, and LisTisO,, carbon nanotube (CNT) composites were synthesized using a colloid system. The elec-
trochemical properties of the composites were thoroughly examined to determine their applicability as hybrid capacitor
anodes. The electrical conductivity of the spherical LisTisO,-CNT composite was improved over that of the spherical
Li4TisO1, composite. The synthesized composites were utilized as the anode of a hybrid capacitor, which was assembled
with an activated carbon (AC) positive electrode. The CNTs attached on the spherical Li,TisOy, particles contributed to a
51% reduction of the equivalent series of resistance of the LisTisO,-CNTs/AC hybrid capacitor compared to the Li;TisO;»/
AC hybrid capacitor. Moreover, the LisTisO,-CNTs/AC hybrid capacitor showed a larger capacitance than the LiyTisO,,/
AC hybrid capacitor; specifically, the LiyTisO;,-CNT/AC hybrid capacitor showed 1.6 times greater capacitance at 40
cycles with a 10 mA cm™ loading current density.
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1. Introduction

Studies on environmentally friendly energy pro-
duction systems have recently emerged owing to con-
cerns about environmental pollution, global warming,
and fossil fuel depletion. In addition, the smart grid
system has been commercialized by improving the
production efficiency, transmission, and distribution
of electric power. Moreover, energy storage devices
have been developed for smart grid applications. In
general, energy storage systems are classified in two
types: high power storage devices and small-to-
medium portable energy storage devices [1-3]. Lith-

ium ion secondary batteries (LIBs) are considered
small-to-medium energy storage devices. However,
in spite of the high energy density of LIBs, their low
power density is problematic when they are operated
with high current. Electrochemical capacitors (ECs),
on the other hand, can be utilized under high current
owing to their high power density; however, they
have a low energy density.

The mechanism of ECs is determined only by the
physical adsorption of ions on the surface of the
active materials, which can realize the high power
density [1]. To enhance the low energy density of
ECs, hybrid systems have been developed that take
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advantage of the LIB redox reaction [4-5]. The
resulting hybrid systems, or hybrid capacitors (HCs),
are determined from the different electrochemical
mechanisms arising in the cathode and anode as well
as by the active materials composing each electrode.
For example, the electrodes of HCs are assembled
using LIB cathodes such as lithium manganese oxide
(LMO) [6-8] with EC anodes such as activated car-
bon (AC); conversely, HCs could be assembled using
LIB anodes such as lithium titanium oxide (LTO)
[9,10] or graphite [11,12] with EC cathodes such as
AC. As aresult, the hybrid system can enhance the
energy density with twice the capacitance of electric
double-layer capacitors (EDLCs) [13]. However,
when metal oxides are used for the cathode or anode
material, the internal resistance is increased, resulting
in a reduced power density [14]. Therefore, the syn-
thesis of carbon and metal oxide composite materials
has been studied to prevent the increase in internal
resistance. For example, carbon composite hybrid
systems, which are composites containing carbon
nanotubes (CNTs) [15,16], graphene [17], or acti-
vated carbon [18], have been considered. Moreover,
carbon coating could be applied to the surface of the
metal oxide using carbonization [19].

In this study, we prepared Li;TisO;,-CNT compos-
ite materials synthesized by the sol-gel process to
enhance of power density of LisTisO;, which is used
as a negative active material that has a zero-strain
behavior and high charge-discharge performance
[20]. Then, the electrochemical characteristics of the
Li4TisO,-CNT composite HC anode were examined
and compared to those of the Li4TisO;, HC anode.

2. Experimental

2-1. Synthesis and analysis of LTO and LTO-CNT
composite materials

To synthesize LTO-CNT, 0.1 g of hydro-propyl
cellulose (HPC, Sigma-Aldrich) was dissolved into
n-octanol (99%, Samchun) followed by dispersion in
titanium isopropoxide (TTIP, Sigma-Aldrich) [21].
The CNTs were pretreated by stirring in 0.1-M nitric
acid for 1 h. The CNTs were then washed in distilled
water and dried at 80°C. The CNTs were added into
the TTIP dispersant solution at 1, 2, and 3 wt.% of
the amount of synthesized LTO and were dispersed
using a homogenizer (T-25 Digital Ultra-Turrax, lka).
Then, the colloid was formed by adding acetonitrile

(99.8%, Sigma-Aldrich) with an agitation speed of
12000 rev min™'. Lithium hydroxide (LiOH, Sigma-
Aldrich) solution was added into the formed colloid
for the sol-gel reaction process and was stirred with
an agitation speed of 12000 rev min™'. After the sol-
gel reaction was completed, the solvent and reactant
of the colloid solution were separated using a centri-
fuge operating at 1000 rev min™'. The reactant was
rinsed three times with ethanol followed by drying at
60°C using an oven. After the reactant was com-
pletely dried, the reactant was calcinated for 5 h
under N, atmosphere. The morphological character-
istics of the synthesized LTO-CNT composites were
observed by field-emission scanning electron micro-
scope (FE-SEM, LEO-1530), and the crystal struc-
ture analysis was performed by X-ray diffraction
(XRD, XDS2000).

2-2. Electrode preparation and electrochemical
characterization

The synthesized LTO-CNT was casted on Al foil
(20-um thickness) to explore the electrochemical
characteristics for comparison with the LTO compos-
ite. The LTO-CNT electrode was prepared by blend-
ing calcinated LTO-CNT powder (88 wt.%), carbon
black (10 wt.%), and binder (5 wt.%), which con-
sisted of carboxymethyl cellulose (CMC, 1 wt.%,
Sigma-Aldrich), styrene butadiene rubber (SBR,
2 wt.%, Sigma-Aldrich), polytetrafluoro-ethylene
(PTFE, 2 wt.%, Sigma-Aldrich), with distilled water.
The thickness was controlled mass of double by the
relative mass of the LTO and LTO-CNT composite
electrodes. For electrochemical characterization, a
two-electrode system was assembled using the LTO
and LTO-CNT composite as a working electrode, a
Li disk as a counter-electrode, and 1 M of LiBF, in
propylene carbonate as an electrolyte.

A can-type HC was assembled with a size of @10
x L 20 mm. The positive and negative electrodes
were 123 mm x 14 mm and 139 mm x 14 mm,
respectively, and lead taps were attached on each elec-
trode. The two electrodes were placed face-to-face and
dried in a vacuum oven at 120°C for 12 h. For assem-
bling the three-electrode system, the Li disk was used
as a reference electrode, and 1 M of LiBF, in propy-
lene carbonate was used as an electrolyte. Moreover,
the electrochemical impedance spectroscopy (EIS)
was measured from 100 kHz to 10 mHz with an
amplitude of 10 mV at open circuit voltage.
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3. Results and Discussion

Fig. 1 shows the FE-SEM images of the LTO and
LTO-CNT composites synthesized by colloidal synthe-
sis. The colloid was formed in water/oil (W/O) bi-
phases, which contain n-Octanol as the oil phase and
acetonitrile as the water phase. Spherical LTO was syn-
thesized via substitution reaction of TTIP, which was
homogeneously dispersed in the oil phase, when water
was added to the colloid mixture. The colloid formed
spheres in the mixing solution. The reaction continu-
ously occurred because acetonitrile absorbed the water,
causing solidification of the precursor. Moreover, Li was
homogeneously dispersed in the TiO, particles using
aqueous LiOH. Figs. 1(a-d) show the SEM images of
LTO, LTO-CNT 1%, LTO-CNT 2%, and LTO-CNT
3%, respectively, with the high magnification images
provided in the inset. The SEM results indicated that
spherical particles with size of approximately 20 um
were synthesized. The surface of the raw LTO was
assumed to be aggregated with the unit crystal structure;
otherwise, the LTO surface may have cracked owing to
growth of the unit crystal structure during the calcination
process. The LTO particles containing CNTs showed
irregular morphologies owing to the attached CNTs on
the LTO surface, which significantly changed as the
CNT amount increased. During the colloidal process, the
CNT additive hindered the preparation of spherical col-

Fig. 1. The FE-SEM images of the (a) LTO, (b) LTO-CNT
1 wt.%, (c¢) LTO-CNT 2 wt.%, and (d) LTO-CNT 3 wt.%
particles.

loids because the CNTs acted as an impurity, disturbing
the formation of a stable water—oil interface. Thus, the
colloid of LTO-CNT composite materials could not form
spherical particles when more than 3 wt.% CNTs were
added, as shown in Fig. 1(d).

The crystal structure of the synthesized LTO and LTO-
CNT composite was analyzed using XRD, as shown in
Fig. 2. Peaks at 20 = 18.3°, 43.3°, and 35.6°, which were
respectively assigned to (111), (400), and (311) of the
LTO crystal structure, were clearly obtained. The diffrac-
tion patterns of the synthesized LTO and LTO-CNT
composite were in agreement with the structure of
Li; 33Ti; 6604 (JCPDS no. 26-1198). The electrochemical
impedance spectra of the LTO and LTO-CNT composite
were investigated and compared to determine the change
in resistance caused by the CNT composite.

Fig. 3 shows the EIS results with the typical Randles
circuit. In typical EIS, the equivalent series of resistance
(ESR) is obtained at the high frequency region followed
by charge transfer resistance (R.) at the high-to-mid fre-
quency region. The suppressed semi-circle with the
LTO composite had a larger magnitude compared to that
of the LTO-CNT composite, which implies that R ; was
reduced. The CNT additives enhanced the electrical
conductivity by forming a conductive network that
improved the effective electron path. However, the
charge transfer resistance did not continuously decrease
with the increasing CNT content because the CNTs only
influenced the electron path. The CNTs are unrelated to
the reaction of Li". In high frequencies, the resistance
value of ESR also decreased with increasing additive
CNTs. The raw LTO materials had an ESR value of
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Fig. 2. The XRD patterns for LTO and LTO-CNT
composite materials.
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about 9.9 QO while that of LTO-CNT 1 wt.% and LTO-
CNT 2 wt.% was 8.8 Q and 8.5 € respectively.
Figs. 4(a-c) show the charge-discharge profiles of

40
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V oo

Fig. 3. Electrochemical impedance spectroscopy of LTO
and LTO-CNT composite materials from 100 kHz to
10 mHz with an amplitude of 10 mV at open circuit
voltage.
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the synthesized materials, while Fig. 4(d) shows the C-
rate characteristics of the synthesized materials with
increasing cycle number. The LTO materials have a
three-electron redox reaction in the range of 1.45 V-
1.75 V (vs. Li/Li") due to Ti*" and Ti*", which has a
known theoretical capacity of about 175 mAh g!. The
redox reaction in the range of 1.45-1.75 V (vs. Li/
Li") is shown by a horizontal line. In Fig. 4(a-c), the
constant value around 1.6 V (vs. Li/Li") indicates the
stable redox reaction of Ti** and Ti*". The synthe-
sized LTO material capacities were measured at
about 131.9 mAh g”!, which is about 75.4% of the
theoretical capacity. The decreased capacity is related
to the surface of the LTO materials, which are likely
rock-stone by calcination, as shown in Fig. 1. The
non-activated volume inside the LTO materials fur-
ther influenced the capacity. The initial capacities of
the LTO materials were larger than those of the LTO-
CNT composite materials because of the CNT con-
tent. Fig. 4(d) shows the C-rate characteristics with
respect to the additive CNTs. When the CNT weight
ratio increases, the capacities increase. For example,
the capacity of LTO is 56.6 mAh g”!, while the capac-
ity of LTO-CNT 1 wt.% is 75.8 mAh g' and that of
LTO-CNT 2 wt.% is 91.2 mAh g!. As a result, the
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Fig. 4. Potential profiles of (a) LTO, (b) LTO-CNT 1 wt.%, and (c) LTO-CNT 2 wt.%. (d) The C-rate characteristics of

samples with various current densities.
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O LTO-CNT_2%  VLIO-CNT 1% O LTIO additive CNTs influenced the C-rate characteristics
25 5 0.10 0.6 because of the decreasing electric conductivity.
d Fig. 5 shows the electrochemical impedance spec-
2.0 1 Yo 0.8 ov tra of the hybrid capacitors, which are assembled
L ov 0.4 1 o with an AC positive electrode and LTO or LTO-CNT
LS 0061 o o composite negative electrode. The ESR values of the
S . C o o LTO/AC, LTO-CNT 1 wt%/AC, and LTO-CNT
S B w . o 2 wt.%/AC hybrid capacitors are confirmed to be
|5 o ov ’ S about 192.7, 102.3, and 99.3 m(), respectively, at
0.5 g0 0.02 1 o 1 kHz. Moreover, in low frequencies, the EIS charac-
op ] 000 | teristics are similar to electric double-layer capaci-
’ ) 0.0 1 tance; specifically, when the surface of the electrode
05 00z I . . i.s fulily charged, the impedance is shgwn by a vertical
00 05 010 012 02 03 line in the z-z graph. The characteristics of decreas-
2@ ing ESR in hybrid capacitors are attributed to the

Fig. 5. Electrochemical impedance spectroscopy of LTO-
AC, LTO-CNT 1 wt.%/AC, and LTO-CNT 2 wt.%/AC
hybrid capacitors from 100kHz to 10 mHz with an
amplitude of 10 mV at open circuit voltage.

additive CNTs. As shown Fig. 3, additive CNTs
influence the ESR of hybrid capacitors.

Figs. 6(a-c) show the charge-discharge profile of
the LTO/AC hybrid capacitor, LTO-CNT 1 wt.%/AC
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hybrid capacitor, and LTO-CNT 2 wt.%/AC hybrid
capacitor, respectively. Specifically, Fig. 6(a-1), (b-1), and
(c-1) are the voltage profiles of the hybrid capacitors,
while Fig. 6(a-2), (b-2), and (c-2) are the voltage profiles
of the positive and negative electrodes in the hybrid
capacitors. When the voltage of hybrid capacitors ranged
from 1 V to 3V, the positive electrode operated from
about 2.8 V t0 4.48 V (vs. Li/Li"), while the negative elec-
trode operated from about 1.8 V to 1.47 V (vs. Li/Li").
The operating potentials of the positive and negative elec-
trode are observed to have a similar voltage range. In low
current densities, the characteristics attributed to the mass
ratio of the negative electrode to the positive electrode (N/
P mass ratio) of the hybrid capacitor and the LTO and
LTO-CNT composite materials have similar capacities.
As shown in Fig. 6(d), at 40 cycles, the capacity of the
LTO material was about 42% of that in the first cycle in
10 mA cm. However, the LTO-CNT 1 wt.% and LTO-
CNT 2 wt.% composite materials maintained about 57%
and 72% of the original capacity, respectively. The
remaining capacities of the LTO and LTO-CNT compos-
ite materials show the power density. As a result, the addi-
tive CNTs influence the power density because of their
enhanced conductivity. When applied in hybrid systems
as electrochemical capacitors, the high capacities of LTO
materials influence the enhancement of the energy den-
sity in hybrid capacitors. The resulting capacity is twice
that of commercial EDLCs.

4. Conclusion

Hybrid capacitors are developed using LTO as a nega-
tive electrode material and AC as a positive electrode
material. The spherical LTO materials were synthesized
in a colloidal system using a sol-gel process. During the
synthesis, CNTs were added in varying amounts from
1 wt.% to 3 wt.%. The electrochemical characteristics of
the synthesized LTO and LTO-CNT composites were
measured by EIS and by charge-discharge tests. The
charge transfer resistance and ESR of LTO materials were
confirmed to decrease as the CNT content increased.
When applied in a hybrid capacitor, we confirmed the
decreasing ESR of the hybrid capacitor. Thus, the LTO-
CNT 1 wt.% and LTO-CNT 2 wt.% hybrid capacitors
had capacities that were 31.6% and 62.7% larger than that
of the LTO-AC hybrid capacitor, respectively, in a current
density of 10 mA cm™ at 40 cycles. In conclusion, the
addition of CNTs improved the hybrid capacitor because
of the electron path formation in LTO materials.

Acknowledgement

This work was supported by the Human Resource
Training Program for Regional Innovation through
the Ministry of Education and National Research
Foundation of Korea (NRF-2012H1B8A2025592)
and Technical Innovation and Development Project
of small and medium business administration.

Reference

[1] B.E. Conway, Electrochemical Supercapacitor-Scientific
Fundamentals and Technological Application, Kluwer
Academic, New York (1999).

[2] M. Winter and R.J. Brodd, Ce/im. Rev. 104, 4245 (2004).

[3] M. Inagaki, H. Konno, and O. Tanaike, J Power
sources, 195, 7880 (2010).

[4] S. Nomoto, H. Nakata, K. Yoshioka, A. Yoshida, and H.
Yoneda, J. Power Sources, 97-98, 807 (2001).

[5] D. Cericola and R. Kotz, Electrochim. Acta, 72, 1 (2012).

[6] M.S. Hong, S.H. Lee, and S.W. Kim, Electrochem.
Solid-state Lett., 5, A227 (2002).

[71 M.Y. Cho, SM. Park, J.W. Lee, and K.C. Roh, J
Electrochem. Sci. Technol., 2(3), 152 (2011).

[8] H.U. Kim, K.H. Shin, B.S. Lee, M.S. Jeon, K.N. Jung,
YK. Sun, and C.S. Jin, J Electrochem. Sci. Technol.,
12), 97 (2010).

[9] X.B. Hu, YJ. Huai, Z.J. Lin, J.S. Suo, and Z.H. Deng, J.
Electrochem. Soc., 154, A1026 (2007).

[10] H. S. Choi, J. H. Im, T.H. Kim, J.H. Park, and C.R.
Park, J. Mater: Chem., 22, 16986 (2012).

[11] JH. Lee, W.H. Shin, M.-H. Ryou, J.K. Jin, J. Kim, and
J.W. Choi, ChemSusChem. 5(12), 2328 (2012).

[12] S.R. Sivakkumar and A.G. Pandolfo, Electrochim. Acta,
65,280 (2012).

[13] J.J. Yang, C.H. Choi, H.B Seo, H.J. Kim, and S.G. Park,
Electrochem. Acta, 86,277 (2012).

[14] P.V. Braun, J. Cho, J.H. Pikul, W.P. King, and H. Zhang,
Curr. Opin. Solid State Mater: Sci., 16, 186 (2012).

[15] X. Li, M. Qu, Y.J. Huai, and Z. Yu, Electrochem. Acta,
55,2978 (2010).

[16] H.I. Kim, J.J. Yang, H.J. Kim, T. Osaka, and S.G. Park,
Korean Electrochem. Soc., 13(4), 235 (2010).

[17] L. Ye, Q. Liang, Y. Lei, X. Yu, C. Han, W. Shen, Z.H.
Huang, F. Kang, and Q.H. Yang, J. Power sources, 282,
174 (2015).

[18] J.J. Yang, HI. Kim, YJ. Yuk, HJ. Kim, and S.G. Park,
J. Electrochem. Sci. Technol., 1(1), 63 (2010).

[19] H.G. Jung, N. Venugopal, B. Scrosati, and Y.K. Sun, J.
Power sources, 221, 266 (2013).

[20] TF.Yi, LJ. Jiang, J. Shu, C.B. Yue, R.S. Zhu, and H.B.
Qiao, J. Phys. Chem. Solids, 71, 1236 (2010).

[21] S.L. Chou, J.Z. Wang, HK. Liu, and S.X. Dou, J. Phys.
Chem. C, 115, 16220 (2011).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


