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Abstract: Phase change materials based on ultra high molecular weight of polyethylene (UHMWPE) blended with par-
affin wax (mp 65 °C) were studied in this paper. In addition, this paper reviews recent studies on the preparation of shape
stabilized phase change materials (SSPCM), such as SSPCM from UHMWPE and paraffin wax (mp 65 °C), their basic
properties and possible applications to latent heat storage. The preparation method was an absorption method. Also,
SSPCM composites were prepared by using a hot press at 200 °C for 10 min. The analysis for the shape ability of SSPCM
to improve heat efficiency was measured by FTIR, SEM, DSC, XRD, and ARES. UHMWPE composites with 30 wt%
paraffin wax (mp 65 °C) demonstrated less deterioration of physical property and effective thermal property compared
with other conditions. As a result, these SSPCMs could be used for the heat storage and release materials for various prod-
ucts.
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Table 1. Characteristics for the Homologous Series of
Alkane**

Material Structural Melting Heat of fusion
formula  temperature(°C) J/g)
n-Triacontane CsHgo 65.4 250.8
n-Octacosane CyHsg 61.4 163.7
n-Hexadosane CyHsy 56.3 161.6
n-Tetracosane CyHs, 50.6 162.0
n-Docosane CyHyg 42.0~44.0 157.0
n-Eicosane CyHy 36.4 2474
n-Octadecane CgHxg 28.2 243.3
n-hexadecane CisHsy 18,2 229.0
n-Tetradecane C4Hs 59 229.0
n-Dodesane C,Hy -9.6 210.2

Zlet 3 B2YS o 5 AUtk T3 H=5-2 30004

90 °Col, MEw 0.9 g/m'o|tt. T Thebd 229 sk
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(ultra high molecular weight polyethylene, UHMWPE) -
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material, PCM)?] 32} g1 H=70] 65°C8 E22 &
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Absorption 24 2 Hot Pressing X2|0il 2|8t SSPCM
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Figure 2. SSPCM 30 wt% composite was prepared by using hot
press at 200 °C.
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FTIR(Fourier transform infrared spectroscope) (Spectrum100/
Perkin Elmer co., Korea)E Al&-3lth AlEE AlEE
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&, FAPAAFA R 7 (S-4200, Hitachi Co., Japan)S AF&-3}od
ksl WS 2 7EAKES 12k, @ 15kV)S 7ehd
A BT

SSPCMe| 2¥X 54 E4A: SSPCM composite2] E4 4
A& SAsl7] fste] AREAL 7 A (differential scanning
calorimetry)(TA Instrument 2010, DuPont, U.S.A.)E A}-&-3}
Rom, AE= ZH7t 2-3 mg HEH FHste] AAT)F stolA
10 °C/min?] & HEZ 0200 °C7H] 524171 TR 200 °C
oA & o] (thermal hysteresis)yS #| #3}7] 3l 577+ 5
2A]Z1 & SSPCM composite®] §8(T,,) ST

SSPCMe| ZA™T= &£4: SSPCM composite®] 24 7%
£ 3RIsh] flsle] 37 XA 3]-d54 7] (wide-angle X-ray

/ Melting
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Hot press, 200 T

powder condition (wet->dry)

Figure 1. SSPCM of absorption method from 10 to 50 weight ratio were prepared by adding UHMWPE powder and paraffin wax chip, and
SSPCM 10~50 wt% composites were prepared by using hot press at 200 °C.
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diffractometer, WAXD)(D/MAX-2200H, Rigaku Co. Japan)
£ o]&3at] AATE A SIS A= powder FEIE
Z75Hem, 40kV, 30 mA®] 27oA URZHE 43
o] 1.54 A Cu-Ko 35 AHE-sto] 26=5-80°2] 9]¢
A 2%min®] £E2 43}

SSPCM2| RH&IN £4 E4: SSPCM composite &
A EAS ZA357] $18F9] ARES(Advanced Rheometric
Expansion System, P]=F RHEOMETRIC SCIENTIFIC)E- ©|
afo] e S AT Alge APEIS] SSPCM
compositeS 273 2.5 mm?] flolfe] ZHo|E Aolo] FiL
ZY°lE gaps 1.5mmZE 3} straing 1%Z LY
200°Coll A frequency= 10"'~10%rad/sE 3l =% 1o
SSPCM composite2] G'[dyn/cm?’]3} G"[dyn/cm?], Z&]3L
tand%} Eta*[P] 342 S 3I3ith

an o EE

SSPCMe| 5t&t 91x& £4. FTIR #334]7]& AR&-st
o] SSPCM 10~50 wt% compositesE2] 3}8} 1% #4184
33159t} Figure 32 ¥ A &olA absorption methodE AME-
slo] Eajko] 450000021 UHMWPESH E#1 5 hot press
S ARgete] A Aol 222 27 10~50 wid &= AR
SSPCM composite5<] FTIR 2~Z|Ego|t}, Figure 3914 &
I A%0] 2917 em! ol A SP® C-H stretching®] WERS:

Transmittance(%)

— SSPCM 10w1%
————— SSPCM 20wt%
SSPCM 30wt%
SSPCM 40wt%
SSPCM 50wt%

4000 3000 2000 1000
\’v’avcnumbcr(cm>l )

Figure 3. FTIR spectra of SSPCM 10-50 wt% composites accord-
ing to the Paraffin wax content.

o1, 2850 cm™ F-i-ollA= CH, group stretching®] e}
3, 1470 cm'ol A= CH, group bending®] WE}SEO M,
720 cm'| A= CH, rocking®] YEh = A2 FR1e 4= 9l
Atk T3k 1375 em™@llA] CH; group bending®] WER-S &
ek 4= ATk, oA el 54 9]=9] C-H stretching
¥ =7b vept S $ske SSPCME] 71 4854
o7 o]FolXES & Aok S & e AHE

© (d

©

Figure 4. SEM cross-section images of SSPCM 10~50 wt% composites after the treatment of hot press (x150): (a) SSPCM 10 wt%; (b)
SSPCM 20 wt%; (c) SSPCM 30 wt%; (d) SSPCM 40 wt%; (e) SSPCM 50 wt%.
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s S ] AEE ERIs] 918, absorption 2+
ol Aol T4t (wet—dry AEIE AXAZ] 9-9T)¢)
EHE FARAAN S Sl #EeFATh Figure 4= hot
pressingS &3l A|Z%¥ SSPCM compositeE A A 4ol
WAIA stk § 15KV 7KAS 7FsA #EEl SSPCM
10~50 wt%®] s s o] gk SA4E5S YeRith
SAFE S #39 43, UHMWPES vlalazte] Sdlcs
FE e o7 HiE = doluA] & Ze g Holw, o]
o A= st s UHMWPEZL & 5 o] T &3t

gE EARL AeL FAT & Aok 53 FEo}

ataz =t HlEl, 50 wieoll A= et o] B o g Qs
UHMWPE®] FE7} 433] g o] wiitgh ol Mol
A RAe & 4 JuhEEE 23S Figure 62 3H

3ol 715). Figure 55 12kV 7FE5:44S 7shaA] #zd
73k gb 92 (a: <150, b x2.0 k)eF E21=F0] 4500000
9] UHMWPE(c: 150, d: x2.0k)2] 3¢ Fefeo] S
2k Zlolth. Figure 62 58 Fefe] A=s gRls]
213l absorption method gollA] Lozl I9EE 12kV 7+

3} ZusA EelojdoR T Feorgy 4 Aol Bae) A L 5y 27

© (d

Figure 5. SEM images of surface of paraffin wax and UHMWPE
(M,: 4500000): (a) paraffin wax (x150); (b) paraffin wax (x2.00K);
(c) UHMWPE powder (x150); (d) UHMWPE powder (%2.00K).

&3S Thebaa] #EE s 2 SSPCM 10~50 wi%
F9 o]t} Figure 59 7]¥ UHMWPE 391 &e)9}
Figure 6°] w0l & ak2i¥le] §5¥ UHMWPES] FH]

© (d)

Figure 6. SEM surface images of SSPCM 10~50wt% powder before the treatment of hot press (x150): (a) SSPCM 10 wt%; (b) SSPCM

20 wt%: (c) SSPCM 30 wt%; (d) SSPCM 40 wt%; (¢) SSPCM 50 wt%.
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Figure 7. Appearance of SSPCM powders after absorption method:

(a) SSPCM 30 wt%; (b) SSPCM 50 wt%.
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b AT ESE Figure 794 Be vhet
7ro) %OPOE B3] HokS o=, absorption methodE
she-Tie] et
UA| FaL kB xS
F, 50 wtveel M= w2 A
el7} EASHA AZ3S dEl7F HA] 923 UHMWPES T}

7F ARL el

AZ 97 22 30 wi% OJJW
ZF53] &5 o] UHMWPES} &
el RS #ES 5 USIA
o] GAA Zofde AL AT 5 AT

SSPCMe| X EM., SSPCMe] 94 EA4<S sklsl] 9]
8 AR

hysteresis)2 A 7 5} 7]
composite®] §3(T,.ye S743I3ATh. Figure 82 < dl2had
2t @ UHMWPE 223 SSPCM 30 wi%?] 41t 1

Pz el Aot} 2 ZojA B A o] &5 ¥
o gxe] §7o] 65°C o) LEh s AL Felet

Paraffin 65
-------------- UHM WPE 450
——— SSPCM 30wt%

<«—endo

Heat Flow (mW)

0 50 100 150 200
Temperature (°C)

Figure 8. DSC heating curves for (a) paraffin wax(mp 65 °C); (b)
UHMWPE(M,,: 4500000); (c) SSPCM 30 wt% composite.
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4 A3, UHMWPE(M,, 4500000)8] €32 <F 140°C ¥
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oA, IAVIEHEA FH PSS FAE 4 Ut o]y
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T2 a2efzolnt. vt «l 7t S7VETE s 3¢
A= 7kl A & ? W,] & 65°C =4
oA 712} ek AL 3RIE 4= ALt Figure 9(by= 3
o] T mE SSPCM«] AA FE 34 g =&

Efdth SSPCM+= thef 65°C 9] st g3 oF
130 °C F=2] UHMWPE 854 z}Z} heat flow7} UYERY
<=, 0174" vlepA o] sl #Agle] elds UHMWPE
4 4 F2ollA Hagke] BAE YR e AS 29

4 At} Figure 10& SSPCM 10~50 wt% Z}21e] & 31
T UrEPﬂi Tefjzoltt, g ZeA & 4 Uxel, SSPCM
o] FxTt 7S FEHE Sk AS ¢ U
Table 30X % GA] djepAe] o] S7Hdrs 3= 4
A S7kRe AL FAZ AT 7 Ut} E3 Figure 9(b)
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=
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= 1| ,
o 2[R ————— ;
T é . SO0t N -
2 8 s SV |
= A
g ! s . SSPCM 10wt%|
e~ — — —  SSPCM 20wt%|
== SSPCM 30wt%|
20 4 60 80 00 0 —e——— SSPCM 40wt%|
Temperature ('C)  eseeenierieens SSPCM 50wt%)
T T T
0 50 100 150 200

Temperature (°C)

Figure 9. DSC thermograms of SSPCM 10~50 wt% composites. (a)
part of DSC thermograms of paraftin wax contents (10~50 wt%);
(b) DSC thermograms of SSPCM according to content of paraffin
wax.
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9} Table 394 Hi= uke} ZFo], SSPCME Tjehae] &7t
S7FS UHMWPE®] §32 78t 7hs/d o 2 <18l
AAH o2 YolR]= FHE BRI 5 Uit &, UHMWPE
9] §34 743k= UHMWPE7| s2lol] 884 (dissolution)©]
A 7FsAE F58 B & ok

SSPCM°I Z™TAXT B4, SSPCM composite®] 277
& ERIs7] I8k F7t XA 3™ E4]7](Wide-angle X-ray
diffractometer, WAXD)(D/MAX-2200H, Rigaku Co. Japan)
£ o]&3st] AAFRE AT Figure 112 Ik <
2, UHMWPE % SSPCM 30 wt%2] XA 34 Zgj== 1}
Bhll Zlolt}, 2@zl viehd 229 UHMWPEE F&
3o of3] YepA | 548 Ad HHES Bt 1t
2 gk2~9F UHMWPE= 20 #hol ¢F 219, 23° F-2ol|A] 2
A2 (110), 200)He] 3HF A7 Yeptes S & F
AAL, Thepd gzolA] F7HH 0 R 26 Fhol OF 40° F-ellA
AZ Rl (0119 - o7t ERIES & F Ut ol
gt AHE 3 & o, sk ket UHMWPEA @44
(unit celly& FHH O R H|=slrh= AMIS & F o=
TERAOEE HISSthE AS S8l & 7 St B3 Figure

200
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140 A

Latent Heat (J/g)

120 A

100 T T T T T
10 20 30 40 50

Concentration (Wt%)

Figure 10. Endothermic reaction of SSPCM 10~50 wt% compos-
ites.

Table 3. Melting Point and Latent Heat of SSPCM 10~50 wt%

Composition Melting point(°C) Latent heat(J/g)

Paraffin wax 65.67 180.6

UHMWPE 140.82 135.05
SSPCM 10 wt% 65.76, 133.18 131.97
SSPCM 20 wt% 64.73, 130.95 135.59
SSPCM 30 wt% 65.28, 130.31 136.52
SSPCM 40 wt% 66.45, 129.05 152.80
SSCPM 50 wt% 66.63, 129.78 153.91

Felerg 4 Aol 24l Az 0 B4 29

=

11°] SSPCM 30 wt%oll Al Bi= nlel 7o) 20%ke] 22.03°,
24.44°, 367914 318 ¥ A7} Yepde & 5 e, 018
SlA 2 Aol =2l wERo] UHMWPES & &5
Itk 218 & 4 Atk Figure 12 SSPCM 10~50 wt%e]

XA 34 9325 el 28 Zolth Table 4= SSPCM
Paraffin wax
UHMWPE 450
SSPCM 30 wi%
&
w»n
=
2
=
=
20 40 60 80

2-theta

Figure 11. Equatorial scanning wide angle XRD patterns of paraftin
wax, UHMWPE, and SSPCM 30 wt% composite.

1400 4 ———————— SSPCM 10 wi%
i ——— ——— ——— ——- SSPCM 20 wt%
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Figure 12. Equatorial scanning wide angle XRD patterns of
SSPCM 10~50 wt% composites.

Table 4. 20 of SSPCM 10~50 wt% for X-ray Diffraction
Analysis

Composition (110) (200) (011)
SSPCM 10 wt% 21.8° 24.2° 36.4°
SSPCM 20 wt% 21.9° 24.3° 36.6°
SSPCM 30 wt% 22.0° 24.4° 36.8°
SSPCM 40 wt% 22.3° 24.8° 36.9°
SSCPM 50 wt% 22.4° 24.8° 37°
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Figure 13. Rheological properties of SSPCM 10~50 wt% composites (frequency sweep): (a) SSPCM 10 wt%; (b) SSPCM 20 wt%; (c)

SSPCM 30 wt%,; (d) SSPCM 40 wt%; (e) SSPCM 50 wt%.

ZaH, 43948 A15, 20153



SSPCM 450-10wt%
SSPCM 450-20wt%
SSPCM 450-30wt%
SSPCM 450-40wt%
SSPCM 450-50wt%

>omdqgqe

tan &

0.1 L L L L L L
0 20 40 60 80 100 120

Frequency (rad/s)

Figure 14. Tand of SSPCM 10~50 wt% composites (frequency
ssweep).

= AE(Eta*)2] & H3le X9 7EA =] UHMWPEY
vlaf] JiF oz AEAF B2 defE 2o o] 40 wi%
A= ZolAH HE(Bta*)’t §43] gidhes A &

AT

[

=2
—

£ A e G gslei g wjet A o] 27t
T2 22 £ A Aol &x7) 65°CQ et gaE 4157

2 AMgst 2 EAEREE oY ﬂilaJ}MWPE) L=}
absorption methodE 53l ¥19¢] A= &, 9IS hot press

£ o]&3ato] toldE Huteddh Juiergg A ol £
(SSPCM)& Al x3tar, A| 223k SSPCM composite= 2] 543
B8 8l gz B4 (FTIR), PAl+2 24 (SEM), &
A 54 BA(DSC), AAT-Z BA(XRD), F¥sHd] 54 1
A(ARES)S Fdl t&# 22 485 45 T UM

1. SSPCM composite=<] FTIR &4 23}, s2pie] 54
3321 C-H stretching 3] =7} LYER}H, SSPCM composite

o] By Ao W3l ojupx] 9o} Helw e 8

r_l

B83)= SSPCMQ] &7 AFA 07 o]FojHLS & 4 ¢
1;]_ ]e EgH B [LH %zlo J]_ﬁ__,q 31,1\7} X.Tl-‘:r"?(]-a: %_

oA (UHMWPE)# immiscible blend3*

selg 5 g9k,

2. SSPCM composite 5] WA F+x 412 absorption
method ¥ 2! hot pressE ©]8-3}] A|Z=% 32l /UHMWPE
composite?! SSPCMe] @Ay} &% daide] J=E 3R]
3171 913l absorption methodol| 4] BoIZ1 IH-¢-T (wet—>dry)
o] TS FARAAAN S Bl ERIE 5 AT Y
HE #23k 243}, UHMWPESH stealate] Bdl=s JH
g o7 AEEs douR] Ze Aoz welrh Fdt T}

Az E2A)Es

215 ZToldaloz A HEgA A do] B AR ¢ B4 31

e F5al7] A3t 50 SEM BW ARIS vlwEt 43, 9
TEM gietdo] Fru7] AR Foll YA} Afe]=7 A

A o= 28 ¢ 5 Adlen, el Fw7t 10~40 wi%
7HE 57} Eoktlell mel UHMWPES] o] sl &
Frot7] o] UHMWPE EHET 36| swelling== 2
_0_ ﬁ_o]fﬂ— 2= o]oﬁ;]_

3. AlAE A @FAIE o]-83te] SSPCME] & A4S &
Az} 321 5383 UHMWPE &394 22} heat flow”}F
el SSPCMQ] s57iel sletde] st ot w2
Fhdeke] Z712 & 4= At T3 UHMWPES] §-37338h
= UHMWPE”Z} 2} §afido] o17] o g 355
o, o]3 g Az mel¥o] UHMWPE F53] &3] =3
ool F5E

4, X’d e B4 A, ek €229 UHMWPES] 260 %k
o] °F 21°, 23° F-Zoj|A] AHZA O 2 (110), (200)H<] 34y
A7F vERAL shehd griollx] FHE 02 20 Fhol oF 40°
oAl ARl (011)He] 3T ArE ER1E e, gt
¥} UHMWPES] @44 (unit celly2 gtz o2 v|s=siar
TRACEE ME vSsiis 2 & ¢ AUl B3 SSPCM
10~50 wt%2] 73-¢- 2E ol weld sz UHMWPES] 26
ol 210, 23°, oF 40%0)4 YehdS & 4 AU ol 4
= T3l jJrEM o] UHMWPE]| % f*ﬂﬂ arzkElo] Q)
B AS ¥ 5 U, SSPCM 30wl A 71 =&
intenstity £ &1 4 AATE.

5. SSPCMe] ARES &4 A3}, £ A59] g2 A&
A Fepae] st oA E, AL EG) S
AE(G et Zfol7F AR Folee AS <
T3k 50 wt%e2] A--olle EHREE(Ge] AL E(G)E
ok o ZA YEFE M, tand ol 11t} ot £ 7k
AsE YERH HAA ke 4EE YEREE JA1H
q4EEs 7%%1” A(geA] 54& 7HAA Eeitke Ag F
=3l £ 7 Uk ol 3 FEIA PCM &aRlE= A%
a7 etk 21S & ¢ USlTh

o|E =3 -g—;(%_i El_tq §;].—Eﬂ- ;7\14, oa;a ‘5‘7,%_‘01]*111:_
Tleba s UHMWPES] 5571 SRl=eH, 58] A4+1x
ZQl PR E 379 sz UHMWPES] 935 vEt
WA, intensity”F A|Y =] vEbd Bre], RS &
/\4 o EC’HHE Z—]E(Eta*)jl_ /\]-r,HZJ-E 40 Wt%oﬂ H]C'H 1:!1—0]
AAaEA] ko ng FHPYA SHelA SSPCM 30 wi%
7} 7P Age w=Y Zlolgtal dEy oIt

=g

G
ror

1. J. C. Mulligan, D. P. Colvin, and Y. G. Bryant, J. Spacecraft
Rockets, 33, 278 (1996).
2. D. V. Hale, M. J. Hoover, and M. J. O'nell, Phase Change

Polymer(Korea), Vol. 39, No. 1, 2015



Materials Handbook, NASA Contractor Report NASA CR-
61365, NASA MArshell Space Flight Center, Albana, p 25-27
(1971).

. D. P. Colvin and J. C. Mulligan, U. S. Patent 4,911,232 (1990).
. L. Ronald and E. Dale, U.S. Patent 5,435,376 (1997).

. E. S. Choi and J. W. Kim, J. Res. Inst. Ind. Technol., 16, 173
(1997).

. P. Sanchez, M. V. Sanchez-Fernandez, A. Romero, J. F.
Rodriguez, and L. Sanchez-Silva, Thermochim. Acta, 498, 16
(2010).

. D. P. Colvin, Y. G Bryant, J. C. Driscoll, and J. C. Mulligan, U.
S. Patent 5,804,297 (1998).

ZaH, 43948 A15, 20153

. H. Shim, E. A. McCullough, and B. W. Jones, 7ext. Res. J., 71,

495 (2001).

. T.-W. Son, H.-S. Lim, T.-H. Kim, and J.-W. Ko, Polymer(Korea),

34, 261 (2010).

. S. D. Sharma and K. Sagara, Int. J. Green Energ., 2, 1 (2005).
. W. Mhike, W. W. Focke, J. P. Mofokeng, and A. S. Luyt,

Thermochim. Acta, 527, 75 (2012).

. T.-W. Son, J.-H. Park, W.-S. Lee, S.-H. Park, J.-E. Moon, and O.-

K. Kwon, Text. Sci. Eng., 49, 224 (2012).

. J. H. Ko, J. C. Kim, and J. H. Chang, Polymer(Korea), 33, 97

(2009).




<<
  /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
  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


