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Effect of electrode plate surface density and press density on
electrochemical performance of Li;V,(PO,);/C
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Abstract: Li;V,(PO,);/C anode material was prepared by sol-gel method. The effects of surface density and press density
of the cathode electrode on electrochemical performance of Li;V,(PO4);/C were characterized by X-ray diffractometry
(XRD), scanning electron microscopy (SEM), galvanostatic charge-discharge test, electrochemical impedance
spectroscopy (EIS) and cyclic voltammetry (CV). The results show that the rate capability of Li;V,(PO,);/C electrode
becomes worse with the increase of surface density, delivering a discharge specific capacity gap of as high as 22.8
(mA-h)/g at 20C, and is accompanied by a more severe polarization. The EIS results show that the charge transfer
resistance increases and apparent lithium ion diffusion coefficient decreases with the increase of surface density. Besides,
the rate capability of Li;V,(PO,);/C is poor when the press density is either too low or too high. It is evidenced that
Li3V,(PO,),/C electrode pressed at the pressure of 20 MPa can provide the highest discharge capacity of 94.0 (mA-h)/g at
20C, but only about 70 (mA-h)/g at 0 and 35 MPa. The results of EIS and CV show that it is not conductive to the
transformation of charge and lithium ion under too high or too low press density.
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JUTPAZ I BRI, ARG, s8N
FEKES LisVa(PO4)y/C [ HL LE X A H L T 9 2
%Nk, H 71k 20 MPa B Lb 7 fe i, 20C B
TR LA 94.0 (mA-h)/g, 1] 0 A1 35 MPa Y 70
(mAh)/g Zrtie IX&EA I N iR )=
R %, YRV SR, SR SRR (A
ATy, WA IR AR, AR TR
TG FHRN o F RIS, J50REL [ et o
W BTRIBRA D, AN BE 78 708 NTE PR TR0

ZAAl, AN B 74 HOR R PR, w3
piig i

Bl 8 Fos IR ) LisVa(POs)s BT IS
SPTHT BT DL R S5 i 5 G AR B A . BT
(RN RS 4 5 1 4 AL, P 8(b) BT A 4
S0 PRI B L 1 H AR s N HP 5 B BLE . R
S(b) T HE T LA H, BB He S FE MR, i)
AAEBHBU(R) A K, SEI JEPHH(Ry) S M7 N et
o DRI H R ) JE AR RIS HO I 0%, A



3410 PR R AR

20154 12 A

o 130} o—= T ———"0.1C
<
< 120}
g O_O’/O/of——o\o\o\o
E\ 110k H/A//A_\\\AO.SC
3
1C
=
g g0l f\sc
Q
&
o 80f 10C
]
E 70 I 1 1 1 1 2OC
0 10 20 30 40
Pressure/MPa
7 AFERERE I RS T B R L A

Fig. 7

discharge rates and rolling pressures

Average specific capacity of plates at different

100
(@)
= 0MPa
80F e 5MPa
4 10MPa
v 15MPa
60 ¢ 20MPa
g <« 25MPa
:l\ig » 30MPa
| 40 F ¢ 35MPa
Fitting line
20
0 20 40 60 80 100

Z/Q

e

Resistance/Q

0 1 1 1 1
0 10 20 30 40

Pressure/MPa
8 AL I8 R Nyquist B35 F1 B HUE
Fig. 8 Nyquist plots(a) and resistances(b) for Li3;V,(PO,);/C

plates with different pressures

By AR E 1Y) SET B, T AR LA /s o 5T S
9 BEL T (Ry) A LA 2 % BLLATT (Reo) B AT M S8 152 1) 485
BHYUE S BLCIRNJE I ads DRA 8 R ey 48
L s B R R AN, B AR A R AN X
W RO ARITRLRE FLAY T A A3 22 1A L, L )

(B ANGE, P LL P AR K. 2 s I 7 1
TJe, M R A By RURE ] (2 Al L AT 12
ARG R, 5 HR I T3 22 A8 R A S B B BT
172 M S R, T AN 2B B 2 RN
P, DAL R A e B LA K

K9 FR A 25 o " IR B AR i 3B M A
TR B T RO HOR E & N 9 e A i
PR TR IR BB AR s S B R 8 n S L

600
@ ]
500
L 8 0MPa
o ° 5MPa
] — Fitting line .
G 300
200
100 |
0 1 2 3 4
w1212
80
(b) © 10MPa
° 15MPa
70 1 4 20MPa
v 25MPa
60 ° 30MPa «
< 35MPa
o — Fitting line
\\g 50 B <
N
40 - /
301
2 1 1 1 1
00 1 2 3 4
w1212
20
18 £ (c)
16
o 14
gr 1
§§ 10F
S5 st
=g = =
&5
< &
[}
8 10—1 L
10—2 1 1 1
0 10 20 30 40
Pressure/MPa

9 SHhBEAL(Z') 5 A T DT AR B EL O R (0 ) LA
AFEH T LisVo(POL)s MY SRS
Fig. 9 Relationship plots between Z' and o "!((a), (b)) and

apparent diffusion coefficient of samples at different pressures(c)



F25EH 12

B, SFe B I AT K A LisVo(PO,)y/C HLILAEYERE R B

BN N R MR 10 0~5 MPa B, B
MY HEREART AN, 550 1.27X 1070 F18.46X 1071
m’/s; K AJHEINE] 10 MPa Ji&, 818 FRMY i R Hun
AN, JAF 1.24X107 mYs, HK 3 AMEEL. K
RSN G R R E D, MR Ik
30~35 MPa I}, FMY HRIE FREFH. KT
BUNGSY, v BRI Z, AR TR E AR

1.5
1.0
< 0.5
g
=
§ 0
3
-0.5
-1.0
—-15 1 { { 1 c’l 1 1
30 32 34 3.6 38 40 42 44
Voltage/V
2Hb) 0.5mv/s| ¢
bO.4mV/s
a 5 0.3mV/s
1 AN0.2mV/s
.lmV/s
2 0 ‘\
O
g
=
&
_1_
-2t c!
30 32 34 36 38 40 42 44
Voltage/V
2+ 0.5mv/ss| C
b0.4mV/s
a ,03mV/s
1k 0.2mV/s
mV/s

<

g

g 0

&

=)

)
-1
-2} ,
3.0 32

10 AFFHGER T CV L LIRS R 7 AR 5C R &

Fig. 10 CV curves at different scanning rates((a)—(c)) and relationship between peak current and square root of scanning

Voltage/V

34 36 38 40 42 4

4

[[IASPABN N R D I B & S ol SN B
IIBIE BN N, AERE BT I O R AR . AL,
LizVy(POy)y/C Bl &I 14 10~25 MPa BN &

i o

B 10 From A AN HEE RN (1 CV il 2 AR IR
HL S R P IR R . B 10 e DU
RO OB BEE R I, OV iR

1.5

(a/ ¢
l / :
a

12 14 16 18 20 22 24
vl/2/(10—3v1/2,s~1/2)

_l_\a'
bl
CI

10 12 14 16 18 20 22

v1/2/(1073 Vl/z,sfl/Z)

2 He

’ ac
b
1 /a

12 14 16 18 20 22 24
v1/2/(10—3 VI/Z,S—I/Z)

rate((a’)—(c")) at different rolling pressures: (a), (a") 0 MPa; (b), (b") 20 MPa; (c), (c') 30 MPa



3412 oh A G AR 20154 12 A
Fz1 b OV IS B R
Table 1 Li" diffusion coefficient calculated from CV curves
Diii(em®s™)
Pressure/MPa
a a’ b b’ c ¢
0 1.535X107"° 33491071 474810710 4233%107"° 3.645% 1071 2.859% 10710
20 4.507%107"° 4.054X107"° 1.128X107° 9.250X 107" 9.409x 107" 8.804x1071°
35 4.174X107%° 5.666X 1071 1.012X107° 1.058X107° 9.946X 1071 9.076 X107

LR AR iy, VA PR 2 TR K, W A AR AR A IR
GvE, AR ZE. MR 20 MPa i, BEEH
RN CV IR IR LIRSy
Jn#E] 35 MPa J& , A FIRGEZHIIN CV &tk
BT EFFS . CV I 31 2 1 3 nnl LA
MR IR R S (0 f5 36 M B, W] 20 MPa & g il
R A B B PERE . N 10 R LG, 1§
B FL I B A o e ) 1 I g B I, U P IR
B RO C R, B (S) T AT H A
TP HOE %

i,=(2.69x10%)n" 28D} ?c; '

)

e i, A E R n A RNIE TG S
NHM R, Bhabh 1.54 cm®; Dy REE TR
R o WBLE TIRIE v A R

MR iy—v""? (IR AT SRS AR ] 0 o7 P AR J2 BV )42
BT HARBOLE . R 1, 8587y R
ok 10°~107" B g, 5 CekR2s s 8, HIAR
T BELPTIN PR /1S, T B8 A PR IR 5 AN [R] 5 3
). S5 HEW], 40t 20 MPa 5 35 MPa [k il (4%
(RS T4 B R ECh 0 MPa N 2~3 4%, SR WI0 B
HEATHE AR TR 7109 8, 58 mBH T INRAS
g —30 BN ZRIE il 5 AR T B T s B, A
LisVo(POy)s MUk EE it AR 3G 0, A 128 B 1 9 1L

3 g

1) UL LIOH-H,O. NH4VO;. H;PO, FIFF A5 12 Jy J5i
Bl SR IR-BEEL S LisVay(POL)s/C Kb, BT
T FER RSB FEN] LisVy(PO,)y/C HLALAAPERE M)
A

2) X LiVa(PO)y/C TR L LA A K
SO o FE/AMEZTRRIN, % BEXT LisVa(POL)s/C IR
H L2 i LT3 s, (2 O R R N 5, T
5 PR L S B 5 2R B N e e, AR AL

DL B B A PP ALEE RN, B i A,
R BTG K, B 7O IR B IR

3) HSEEE IR LisVa(PO4)y/C IR LA AT ¢
KEEW . 57124 20 MPa INTSCH B A R i, 56
PEBE foe 4F , s i A A A 1 D s e A
LizVy(PO,)y/C f &AL 7. AW BTa R &, Tk
S SEIL N KIS AR T i R T (e RS,
B TR MR EZEIL 3 MRS, CV 48R
i 388N BRAR A 2 T A PR A AL B B

4) LisVo(PO4)y/C 1 il 2 1L 2 F (1 T 2 8 M1 s
SCE R AL M RE A BRI R W, X R
LisV,(PO4)s/C HLth 0 JECHA L 25 1 A S M1 g )
REFERENCES
[I] WANG Yan-ying, TANG Yan, ZHONG Ben-he, LIU Heng,
ZHONG Yan-jun, GUO Xiao-dong. Facile synthesis of
Li;V2(PO4)s/C  nano-flakes with high-rate performance as
cathode material for Li-ion battery[J]. Journal of Solid State
Electrochemistry, 2014, 18: 215-221.
WU Ling, ZHONG Sheng-kui, LU Jia-jia, LU Fan, LIU Jie-qun.
Li;V5(POy4)s/C microspheres with high tap density and high

(2]

performance synthesized by a two-step ball milling combined

with the spray drying method[J]. Materials Letters, 2014, 115:

60—63.
[3] XU Jian-tie, CHOU Shu-Lei, ZHOU Cui-feng, GU Qin-fen, LIU
Hua-kun, DOU Shi-xue. Three-dimensional-network

Li;V2(PO,);/C composite as high rate lithium ion battery cathode
material and its compatibility with ionic liquid electrolytes[J].
Journal of Power Sources, 2014, 246: 124—131.

YOON J, MUHAMMAD 8§, JANG D, SIVAKUMAR N, KIM J,
JANG WH, LEEY S, PARK Y U, KANG K, YOON W S. Study

(4]

on structure and electrochemical properties of carbon-coated
monoclinic Li;V,(PO,); using synchrotron based in situ X-ray
diffraction and absorption[J]. Journal of Alloys and Compounds,
2013, 569: 76-81.

BE MG, BRATD, FER, ) fE, BhHOH, O, 4L
WA VNI REEGE B % 1) LisVo(POs)y/C i ZR P REIN

[3]



F25EH 12

B, SF: PR IE B SR

EFEN] LisV,o(PO,)s/C HLALZAPERE K 5200

3413

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

W] WHALEAR, 2011, 27(4): 869-874.

TANG Yan, ZHONG Ben-he, GUO Xiao-dong, LIU Heng,
ZHONG Yan-jun, NIE Xiang, TANG Hong. Effects of mixed
solvents on the high-rate performance of Li;V,(PO,);/C prepared
by sol-gel method[J]. Acta Phys-Chim Sin, 2011, 27(4):
869-874.

M, TTOAK, BACR, K fE, SRFEAR. IR T
W AK LisVa(PO4)y/C ML AL A TERET]. TOHUAL 23R,
2013, 29(5): 915-921.

TANG Yan, FANG Wei-mang, ZHONG Ben-he, LIU Heng,
GUO Xiao-dong. Synthesis and electrochemical performane of
nano-structure LizV,(PO4);/C by sol-spray drying method[J].
Chinese Journal of Inorganic Chemistry, 2013, 29(5): 915-921.
RUI X H, LI C, CHEN C H. Synthesis and characterization of
carbon-coated Li;V,(PO,); cathode materials with different
carbon sources[J]. Electrochimica Acta, 2009, 54(12):
3374-3380.

QIAOYQ,TUJP,MAIYJ,CHENGLJ, WANG XL, GUCD.
Enhanced electrochemical performances of multi-walled carbon
modified Li;V,(PO,):/C
lithium-ion batteries[J]. Journal of Alloys and Compounds, 2011,
509(25): 7181-7185.

BINI M, FERRARI S, CAPSONI D, MASSAROTTI V. Mn

nanotubes cathode material for

influence on the electrochemical behaviour of Li;V(POy)s
cathode material[J]. Electrochimica Acta, 2011, 56(6):
2648-2655.

WANG Ren-heng, XIAO Shun-hua, LI Xin-hai, WANG Jie-xi,
GUO Hua-jun, ZHONG Fu-xin. Structural and electrochemical
performance of Na-doped Li;V,(PO4);/C cathode materials for
lithium-ion batteries via rheological phase reaction[J]. Journal of
Alloys and Compounds, 2013, 575: 268—272.

BAI Guo-liang, YANG Yi-fu, SHAO Hui-xia. Synthesis and
electrochemical properties of polyhedron-shaped Li;V,-Sn,(PO,);
as cathode material for lithium-ion batteries[J]. Journal of
Electroanalytical Chemistry, 2013, 688: 98—102.

PAN An-qgiang, LIU Jun, ZHANG Ji-guang, XU Wu, CAO
Guo-zhong, NIE Zi-min, AREY B W, LIANG Shu-quan.
Nano-structured Li;V,(POy)s/carbon composite for high-rate
lithium-ion batteries[J]. Electrochemistry Communications, 2010,
12(12): 1674-1677.

TENG Fei, HU Zhi-hao, MA Xiao-hang, ZHANG Lin-chao,
DING Chu-xiong, YU Yan, CHEN Chun-hua. Hydrothermal
synthesis of plate-like carbon-coated Li;V,(PO,); and its low
temperature performance for high power lithium ion batteries[J].
Electrochimica Acta, 2013, 91: 43—49.

LIU Guo-cong, LIU You-nian, LIU Su-qing. Grinding—sol-gel
synthesis and electrochemical performance of mesoporous
Li;V2(POy); cathode materials[J]. Transactions of Nonferrous
Metals Society of China, 2013, 23(2): 439—444.

QIAO Y Q, WANG X L, MAI Y J, XIANG ] Y, ZHANG D, GU
C D, TU J P. Synthesis of plate-like Li;V,(PO4);/C as a cathode

material for Li-ion batteries[J]. Journal of Power Sources, 2011,

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

196(20): 8706—87009.

PAN An-qiang , CHOI Dai-won, ZHANG Ji-guang, LIANG
Shu-quan, CAO Guo-zhong, NIE Zi-min, AREY B W, LIU Jun.
High-rate cathodes based on Li;V,(PO4); nanobelts prepared via
surfactant-assisted fabrication[J]. Journal of Power Sources,
2011, 196(7): 3646—3649.

WNAG Sen-lin, ZHANG Zheng-xi, FANG Shao-hua, YANG Li,
YANG Chun-chen, HIRANO Shin-ichi. Synthesis and
electrochemical properties of ordered macroporous Liz;V,(POy)s
cathode materials for lithium ion batteries[J]. Electrochimica
Acta, 2013, 111: 685-690.

Xz, . A% LiMnoO, #1857 i (¥ 1 15 55 1 g
[J]. Hth Tolk, 2010, 15(2): 89-93.

LIU Yun-jian, SHEN Xiang-qian. Fabrication and performance
of high rate LiMn,O4 Li-ion batteries[J]. Chinese Battery
Industry, 2010, 15(2): 89-93.

BT, AR, ST, 5k ZE. LiFePO, #HL 5 1 Hiit ¥ &
FEAFRBORTERE[T]. i, 2012, 42(3): 142-145.

ZHONG Hai-jiang, TANG You-geng, LU Zhou-guang, ZHANG
Jun. High rate charge-discharge performance of LiFePO, Li-ion
battery[J]. Battery Bimonthly, 2012, 42(3): 142—145.

&, MR, B R B R R P R
ST FRYEEOR, 2011, 35(12): 1496—1499.

DING Dong, WU Guo-liang, PANG Jing. Influences of electrode
surface density on lithium ion battery performance[J]. Chinese
Journal of Power Sources, 2011, 35(12): 1496—1499.

WUEWE, ZFFEoC, 2 b, SKIA %K. LiFePO, B i 7 H bt il
# L W], i Lk, 2008, 13(3): 147-151.

LAI Yan-qing, LI Xiang-yuan, LI Jing, ZHANG Zhi-an.
Research of Li-ion battery technology with LiFePO, as cathode
material[J]. Chinese Battery Industry, 2008, 13(3): 147—-151.
Bk, (TR, ZE WL e SRR REX AR A T LR
Rersm[I]. FEEIAR, 2009, 33(11): 959-962.

YANG Hong, HE Xian-feng, LI Feng. Influence of press density
on high rate lithium-ion battery[J]. Chinese Journal of Power
Sources, 2009, 33(11): 959-962.

Al Deng-jun, LIU Kai-yu, LU Zhou-guang, ZOU Min-min,
ZENG Dong-qing, JUN Ma. Aluminothermal synthesis and
characterization of Li;V, ,AL(PO,);
lithium ion batteries[J]. Electrochimica Acta, 2011, 56(7):
2823-2827.

JIANG Jian-bo, TAN Gong-rong, PENG San-jun, QIAN Dong,
LIU Jin-long, LUO Dong-ming, LIU You-cai. Electrochemical

cathode materials for

performance of carbon-coated Li;V,(PO,); as a cathode material
for asymmetric hybrid capacitors[J]. Electrochimica Acta, 2013,
107: 59-65.

RUI X H, DING N, LIU J, LI C, CHEN C H. Analysis of the
chemical diffusion coefficient of lithium ions in Li;V(POy)s
cathode material[J]. Electrochimica Acta, 2010, 55(7):
2384-2390.

(miE T #B)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


