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ABSTRACT

For the purpose of finding new uses for Miscanthus sinensis var. purpurascens, this study first constructed boards with
the particles of the plant and impregnated them with phenolic resin at resin impregnation rates of 30 + 2%, 40 + 2%,

50 + 2%, and 60 + 2%. The impregnated boards were then carbonized at the carbonization temperature of 800C, after

which their density and mechanical properties were examined according to the different resin impregnation rates. The results

showed that density, flexural strength performance, Brinell hardness, and compressive strength increased as the resin

impregnation rate increased, thus affecting the physical and mechanical properties of the ceramics made of M. sinensis

var. purpurascens particles.

Keywords: Miscanthus sinensis var. purpurascens, resin impregnation ratio, density, bending strength,

compression strength and brinell hardness

1. INTRODUCTION

In general, ceramics are sintered bodies, such as
pottery or porcelain that are made of clay or minerals,
while a broader definition includes inorganic materials
with ionic and covalent bonds. According to this, car-
bon is certainly included in the category of ceramics.
Therefore, porous carbon materials obtained by car-
bonizing composite materials, such as wood and ther-
mosetting resin or ceramics obtained from wood, were
named “wood ceramics” (Okabe, 1996).

Various studies on the manufacturing of ceramics
have been conducted since Okabe and Saito (1995) de-

veloped a new porous carbon material by impregnat-
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ing a wooden material with phenolic resin and thermo-
forming it in a vacuum (Hirose et al., 2002; lizuka et
al., 1999; Zhao et al., 2002). The physical properties
of wood ceramics vary depending on the type of raw
material, impregnation rate of the thermosetting resin,
and manufacturing conditions such as carbonization
temperature and rate of temperature increase. Especially,
resin impregnation rate and carbonization temperature
are known to greatly affect the density of wood ce-
ramics (Hirose et al., 2002; Oh et al., 2004, 2010).

Meanwhile, the insufficiency of wood resources led
to the research on using nonwood resources for board
manufacturing and ceramicization, and one prominent

example of such research involved the development
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of a new material using a mixture of rice husk and
lignocellulosic materials (Lee and Han, 2000; Lee,
1999; Oh and Byeon, 2005; Hwang and Oh, 2020a).
Research was also conducted on utilizing various by-
products and wastes (Hwang and Oh, 2019; Hwang
and Oh, 2020b; Ju and Roh, 2019; Ju and Roh, 2020).

Among them, Miscanthus sinensis var. purpurascens
is a lignocellulosic material with a high porosity and
low specific gravity, and being a renewable resource like
wood, it can be used as a highly valuable resource in
terms of resource use and circulation. In addition, the
M. sinensis var. purpurascens boards produced with lig-
uid phenolic resin had similar flexural strength but supe-
rior peel strength when compared to the boards made
of powdery phenolic resin (Oh et al, 2012). Because
of these advantages, the effective use of M. sinensis
var. purpurascens is being actively studied (Kim et al.,
2012; Oh et al, 2012; Park et al, 2012; Oh et al, 2014).

In this context, this study used M. sinensis var.
purpurascens, which could be a valuable resource for
realizing green growth in the 21st century, in manu-
facturing particle boards. The boards were then im-
pregnated at various ratios and carbonized at a con-
stant temperature for each resin impregnation rate for
ceramicization, after which their density and mechan-

ical properties were examined.

2. MATERIALS and METHODS
2.1. Test materials

2.1.1. M. sinensis var. purpurascens

M. sinensis var. purpurascens used to manufacture the
boards was obtained from the Bioenergy Crop Center,
National Institute of Crop Science, Rural Development
Administration located at Muan, Jeollanam-do, Korea.
To ensure uniformity of samples, particle size was se-
lected from 10 mesh to 20 mesh and moisture content

was adjusted to 7% or less, as shown in Fig. 1.

2.1.2. Resin

Powdered phenolic resin (KNB-100PL from Kolon
Chemicals Co., Ltd.) was used for manufacturing M.
sinensis var. purpurascens board, and liquid phenolic
resin (KPD-L777 from Kolon Chemicals Co., Ltd.)
was used for impregnation. Table 1 shows the charac-

teristics of each resin.

2.2. Production of boards

The manufacturing process for the boards is as
follows. The powdered phenolic resin was sufficiently
mixed with the uniformly selected M. sinensis var.
purpurascens particles, and the mixture was then put
into a stainless square mold on the heating plate of
the hot press, where the height of the top part of the
sample was adjusted to be even. Then, a board with
the dimensions of 26 cm X 26 cm x 1.4 cm was pro-

duced by hot press molding. In terms of manufacturing

Fig. 1. Shape of Miscanthus sinensis var. purpurascens.

Table 1. Characteristics of phenol-formaldehyde resin
for the test

Powder resin
(Novolak type)

Liquid resin

Resin types Items (Resol type)

Solid content (%) 99 51-53
Melting point (°C) 80~95

Specific gravity - 1.06
Gelation time (sec.) 80~120 80-95
Plate flow (mm) 30~35

Viscosity (cps) - 45-65
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conditions for the board, the density was set to be 600
kg/m® and amount of added adhesive was fixed at
10%. The hot press temperature was 190C, pressing
pressure was 3.9 MPa — 2.9 MPa — 1.9 MPa (3-stage
pressing), and pressing time was 3 min — 2 min —
1 min (3-stage pressing time). A stopper (distance bar)
was used to keep the thickness of the board constant
during the hot pressing process, and a Teflon plate was
used to prevent the attachment of the top and bottom
of the board to the hot plate by heat.

2.3. Impregnation and production of
ceramics

The M. sinensis var. purpurascens boards were cut
to the size of 12 cm x 12 cm x 1.4 cm, put in a pres-
sure-reducing impregnation device containing liquid
phenolic resin (KPD-L777 from Kolon Chemicals Co.,
Ltd.), and impregnated at 1 atm with impregnation
rates of 30 £ 2%, 40 £ 2%, 50 £ 2%, and 60 + 2%.
After impregnation, the samples were placed in a dryer
to be dried and cured for 10 h at 60C, and at 100C
and 135C for 8 h each. After drying, the ceramics
were produced via carbonization at a carbonization
temperature of 800°C using a vacuum carbonization
furnace (KOVAC KSF-200V from Korea Vacuum
Co., Ltd.). At this time, the rate of temperature in-

crease was 4C/min, and the temperature was main-

@ ®

Fig. 2. Appearance of the composite @board and ®
ceramic manufactured from Miscanthus sinensis var.
purpurascens.

tained at the target temperature for 2 h before cooling
down. Fig. 2 shows pictures of the finished boards and

ceramics.

2.4. Strength performance test

For flexural strength performance test, the specimen
was cut in 110 mm x 10 mm x 10 mm and humidified
in a thermo-hygrostat (temperature at 20 + 1C, hu-
midity at 65 + 5%), after which we selected 10 pieces
for each test condition of the flexural strength per-
formance test. The flexural strength test was per-
formed by using a universal strength tester (model
TSU-2 from TAESHIN) at the loading rate of 0.5
mm/min to measure the flexural modulus and flexural
strength in compliance with the KS F 2208 standard.
For the Brinell hardness test followed the KS F 2212
standard by using a universal strength tester in press-
ing a 10 mm-diameter iron bead into three points on
the surface of the samples of wood ceramics with the
size of 40 mm x 40 mm x 10 mm at the loading rate
of 0.5 mm and pressing depth of 1/r mm. In accord-
ance with the KS F 2206 standard, the compressive
strength test was performed on a 30 mm x 10 mm
x 10 mm specimen at a loading rate of 0.5 mm/min

using a universal strength tester.

3. RESULTS and DISCUSSION
3.1. Density

As for the densities of the resin-impregnated ce-
ramics boards with resin impregnation rates of 30 +
2%, 40 + 2%, 50 + 2%, and 60 + 2% before carbon-
ization which then went through carbonization at 800C,
Table 2 and Fig. 3 show them to be 558.57, 617.08,
627.10, and 649.10 kg/m’, respectively. This indicates
that the density after carbonization increased as the
resin impregnation rate increased at the fixed carbon-

ization temperature.
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Table 2. The physical and mechanical properties of ceramics made at different carbonization temperature

Impregnation Temperature Density MOR MOE Brinell hardness | Compression strength
rate (%) (°C) (kg/m") (MPa) (GPa) (MPa) (MPa)
30 800 558.57(30.63) 2.76(0.83) 1.21(0.31) 5.11(0.85) 3.44(1.18)
40 800 617.08(49.90) 3.25(0.75) 1.63(0.34) 7.15(1.58) 5.09(1.35)
50 800 627.10(29.84) 3.30(0.97) 1.66(0.39) 6.85(1.72) 6.73(2.11)
60 800 649.10(30.15) 3.74(0.95) 1.82(0.41) 7.55(2.39) 9.65(2.35)

Parenthesis is standard deviation; MOE: modulus of elasticity; MOR: modulus of rupture; Mean value from 10 replications;
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Fig. 3. Density of ceramics according to resin impregnation
ratio at carbonization temperature 800°C.

Oh and Piao (2004) also reported that when the res-
in impregnation rate before carbonization of the board
made of thinned logs was 40%, the density values of
wood ceramics of Pinus densiflora, Larix kaempferi,
and Pinus koraiensis were 760, 730, and 750 kg/m’,
respectively. When the resin impregnation rate before
carbonization was higher (at 80%), the densities of
wood ceramics made from thinned logs of Pinus den-
siflora and Larix kaempferi were higher at 830 and
840 kg/m’, respectively, thus showing a similar trend
to the results of this study. In addition, it was also
reported that the density tended to increase following
the increase in the resin impregnation rate in the man-
ufacture of wood ceramics using medium-density fi-
berboard (MDF) made from Pinus radiata (Oh and
Byeon, 2002; Oh, 2005). The positive correlation be-
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Fig. 4. MOR of ceramics according to resin impregnation
ratio at carbonization temperature 800°C.

tween the resin impregnation rate before carbonization
and the density of wood ceramics thereafter is be-
lieved to be stemming from the fact that the large
amount of resin impregnated in the cell walls is con-
verted into vitreous carbon during the carbonization
process to strengthen the cell walls, thus resulting in
the density increase (Okabe and Saito, 1995).

3.2. Flexural strength

Table 2 and Fig. 4 show the flexural strength values
depending on the resin impregnation rate of ceramics
carbonized at 800C carbonization temperature. When
the resin impregnation rate was 30 = 2%, 40 + 2%,
50 £ 2%, and 60 + 2% at the carbonization temper-
ature of 8007, the flexural strength values were 2.76,
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3.25, 3.30, and 3.74 MPa, respectively, indicating that
the flexural strength tended to increase almost linearly
as the resin impregnation rate increased, similar to the
trend in density.

This trend is consistent with the previous reports
that the flexural strength increased linearly as the resin
impregnation rate increased even in the manufacture
of wood ceramics using MDF made from Pinus radia-
ta (Oh and Byeon, 2002; Oh, 2005). In addition, there
was a difference in the resin impregnation rate and
carbonization temperature conditions depending on the
density of the tree species. The flexural strengths of
Pinus radiata at the carbonization temperature of 600C
under the similar resin impregnation rate conditions of
40%, 60%, and 80% were 6.96 MPa, 8.04 MPa, 13.44
Mpa, respectively, and these values were higher than
those of this study with M sinensis var. purpurascens
particles.

Moreover, Oh and Byeon (2005) reported that when
the phenolic resin impregnation rates were 40%, 50%,
60%, and 70% at the carbonization temperature was
600C for the mixed ceramics made of sawdust and
rice husk, their flexural strength values were 4.70, 4.90,
5.98, and 6.08 Mpa, respectively, which were slightly

higher than the values of the ceramics in the current
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Fig. 5. MOE:s of ceramics according to resin impregnation
ratio at carbonization temperature 800°C.

study. These results were interpreted as the effect of
insufficient bonding strength due to the nonuniform
structure of rice husks and particles during the carbon-
ization process, and a similar reason could be behind

the low strength value of the ceramics in this study.

3.3. Flexural modulus

Table 2 and Fig. 5 show the flexural modulus values
depending on the resin impregnation rate of ceramics
carbonized at 8007C. The resin impregnation rates of
30 £ 2%, 40 £ 2%, 50 + 2%, and 60 + 2% resulted
in the flexural modulus of 1.21, 1.63, 1.66, and 1.82
GPa, respectively. The flexural modulus values in this
study were lower than the values reported for the thin-
ned logs of Pinus densiflora, Pinus koraiensis, and
Larix kaempferi reported in Byeon et al. (2004), which
were approximately 2.64 GPa — 7.85 GPa. This dif-
ference is believed to be caused by the difference in

the characteristics of raw materials.

3.4. Compressive strength

Table 2 and Fig. 6 show the values of compressive
strength depending on the resin impregnation rate of

ceramics carbonized at 800C. When the resin im-
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10.00 865
8.00 673

Compression strength{MPa)

2.00

Resin impregnation ratio(%)

Fig. 6. Compression strength of ceramics according to resin
impregnation ratio at carbonization temperature 800°C.
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pregnation rates were 30 + 2%, 40 + 2%, 50 + 2%,
and 60 + 2% at the carbonization temperature of 800C,
the compressive strength values were 3.44, 5.09, 6.73,
and 8.65 MPa, respectively, showing that the com-
pressive strength increased as the amount of im-
pregnation increased. Byeon ef al. (2004) also reported
that the compressive strength of wood-ceramics manu-
factured at 70% resin impregnation rate and 600C
carbonization temperature using thinned logs of Pinus
densiflora, Pinus koraiensis, and Larix kaempferi were
3.24, 7.15, and 4.12 MPa, respectively, which were

lower than the values found in this study.

3.5. Hardness

Table 2 and Fig. 7 show the Brinell hardness values
depending on the resin impregnation rate at the car-
bonization temperature of 8007C. The resin impregnation
rates of 30 £ 2%, 40 + 2%, 50 = 2%, and 60 + 2%
at the carbonization temperature of 800C resulted in
the Brinell hardness values of 5.11, 7.15, 6.85, and
7.55 MPa, respectively, showing that the hardness also
increased as the amount of impregnation increased.

Byeon ef al. (2004) showed that the hardness values

of phenolic resin-impregnated wood-ceramics manu-

10.00

B.85
7.00

Hardness(MPa)

30% 40% 50% B0%
Resinimpregnation ratio(%)

Fig. 7. Hardness of ceramics according to resin
impregnation ratio at carbonization temperature 800°C.

factured with thinned logs of Pinus densiflora, Larix
kaempferi, and Pinus koraiensis with carbonization
temperature of 600C were 15.59, 11.86, and 16.76
MPa, respectively, showing greater hardness values
than those found in this study. It is surmised that this
is because the resin injected into the raw materials has
a weaker penetration into the nonwood material of M.
sinensis var. purpurascens when compared to wood

with more air gaps.

4, CONCLUSION

In order to find a way to utilize M. sinensis var.
purpurascens in the waterfront area, this study manu-
factured boards with M. sinensis var. purpurascens
particles, impregnated them with resin, and then car-
bonized them to produce ceramics, after which their
density and mechanical properties were examined for
each resin impregnation rate.

1) The density increased from 558.57 kg/m’ to
649.10 kg/m’ as the resin impregnation rate in-
creased from 30 + 2% to 60 + 2% when carbon-
ized at the carbonization temperature of 800 <C.

2

~

Flexural strength performance, Brinell hardness,
and compressive strength increased almost line-
arly as the resin impregnation rate increased at
the same carbonization temperature, indicating
that the resin impregnation rate had a significant
impact on the mechanical properties of the ce-
ramics made of M. sinensis var. purpurascens.

The wood-ceramics produced in this study showed
lower strength than that of the wood-ceramics pro-
duced from Pinus densiflora, Pinus koraiensis, and Larix
kaempferi. It appears that additional research would
be required to improve upon this part, such as those
on the manufacture of wood ceramics using a mixture
of M sinensis var. purpurascens and lignocellulosic.
There is also a need for further research on deodor-

ization rate, hygroscopicity, and other functional
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performances for the utilization of M. sinensis var.

purpurascens ceramics.
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APPENDIX

(Korean Version)
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£ SAsHth BEeld AEAEE 40 mm x 40 mm x 10 mm 7)) AlHE TR EAIR7|E o]-88to] KS F 2212
Ao weh A& 10 mme] A7E&S 05 mmo| shE&es STAlEt | 1 /mmm O] Zo|7hA] ghelste] 335 S7dstlnt.
E7E AL 30 mm x 10 mm x 10 mm 37]2] A& KS F 2206 1140 whe} B2 =A8 7S ARSH] 0.5 mmy/min. 2]
Ste& R AASITh
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w1 Table 29} Fig, 304 Hi=t}e} 7Fo] B3} A 222 3H80] 30 + 2%, 40 = 2%, 50 + 2%, 60 + 2%0] TR
et3le 800C & ealst Alghu] o] Wil 717} 558.57 ke/in', 617.08 ke/in', 627.10 kg/in', 649.10 kg/m' ©] ZhS Ko, 7o
Belerold SAEL0] /NS B ¥ YRR S48 o 4 Ao

Oh and Piao(2004) = 7P R AzH RE9| &3} A FAe7&0] 40%Y o AR, Yo, A5 SEAzte 9
Y= 7M7) 760 kg/mi, 730 kg/m, 750 kg/m’ o] §loH, &3} M| AT L0l 2 80%Y Wi AU, YEE PR
AzE $EARS] WL 717} 830 ke, 840 ke/it ©] £ G iER 2 Q170} §AR AL R v ok ER
gi]oe} AR 2 A2H MDFE o] 83t S EAZt AlzoflA % A-E&o] S7HE Wit S71ske A3ke Holrka
Rkl ItiOh and Byeon, 2002; Oh, 2005). &3} A $2] I &o] #25F @3} & LEA 9 Ywr} FolA=
R FARAE] =545 Ao =] Qe B2 FY #2417} gafabg ol fe|deas Hlsto] AlxHSE 733tA|
717] g2 Bxert F7khe A2 48 A ItiOkabe and Saito, 1995).

32 BF=

Table 29} Fig. 41 TSR 800'C o)A Shafat Aletulo] 7|3t go] B B4= gk Lhehfoleh. Bakew 800 ol
223} 220] 30 + 2%, 40 + 2%, 50 + 2%, 60 + 2% 2 W V= 7+ ZHzF 2.76 MPa, 3.25 MPa, 3.30 MPa, 3.74 MPa
2 Ueho] WE 490 fARH SXTAR0] BOHASE AY HHAoE FUbk: A% BAES Ueylc

ofefet AL ehriolet ALbR A% MDFE ol g3 SEAeh AzolAE S5 ge] $7H48 Pt 247
© Z7}3hgiths B31(0h and Byeon, 2002; Oh, 2003)¢} AX|ghck. 3k 4:4] FA& SR AN A 559 Lo
w2 Zo) 7} Lpekrad) Hsgk 4] FALR 40%, 60%, 80%0] 4] BELE 600T 2719] ehrjofefaitio] A9o) F7te
1= 717} 696 MPa, 804 MPa, 13.44 MPa A=0] L0 Aold) uhe| 28 ARGt 2 Q170] A9 mTh e ghe tehalcs.
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71231 Oh and Byeon(ZOOS)% By} kAR A z2E SA et 8k 600 ColA BlE4=4] aF2l-&0] 40%, 50%, 60%,
70% < u) F7FES] ZHo- 717} 470 MPa, 4.90 MPa, 5.98 MPa, 6.08 MPaS UEM|QIthal B 13}¢=g], o] 7he 2 ¢171o]
Alekelo] 2= ZREThE ok & groltk. oleid Auk Balugol N Yol TElZo] BFAT ZAOE sjo] FEa
AR 24 297 oz a4 s ozt A7) Aleteo] Aol oloh fARE 0 W 4w G ek
AR A7,

3.3. ¥ AL

Table 2 9} Fig. 5t BS}2.% 800Coll 4| €5t Alztule] A0 uhe & eaAs: 2he trehhleh 47 T80l
30 £ 2%, 40 + 2%, 50 £ 2%, 60 + 2% U u| & etAdA4=2] 7-& 7F7F 1.21 GPa, 1.63 GPa, 1.66 GPa, 1.82 GPa 2 UERSich
B ode] 3 el Zh Byeon er al(2004)0] Mg AU AU el 7hle) gk oF 2.64 GPa - 7.85 GPa
wrh Ae e Ueho] 9aRe] E4xjole] slalE Aoz Az,

3.4, &A=

Table 2 9} Fig. 60} ©8H21= 800CollA] wabsl Aleku}o] A3 &) uh ¢
27 380] 30 + 2%, 40 + 2%, 50 + 2%, 60 + 2% <) T O}EE Zre
MPa & Utehflo] 44 §3o] Wob 4% ¢H573E7k Z7F5Hch. Byeon ef al(2004)% AUFR, SbR Yid 2hAAE
olg 3ol 4] FAL 0%, BEHLE 600CE AT SEAY QFEAEI B A70] Ghrrhs e 324 MPa, 7.15
MPa, 4.12 MPa& ®113} v} 9lch

S g el et g3kt 800 CoflA
7}7} 3.44 MPa, 5.09 MPa, 6.73 MPa, 8.65

35 Ax

Table 2 9} Fig, 7] BH5he% 800°C 0ﬂA1 523 &o) W Brinell A% ZHS LrERRQICE Bk 800T oA 42 3HE&0)
30 & 2%, 40 = 2%, 50 £ 2%, 60 + 2% < © Brinell A% 2+ 217+ 5.11 MPa, 7.15 MPa, 6.85 MPa, 7.55 MPa & UeRjjo]
dlsgA] Aol Wold4E AEE Z7hshnh

Byeon ef al(2004)& ZPAA| R AZE sli=4A3H] SEAletu o] ehahew 600 Coll 4 AET AL, e, ALt
L hg e A 7+ 7247 15.59 MPa, 11.86 MPa, 16.76 MPa & LUEljo] & ojLo] Aw ZrHch & 7
AR FYHE 229 HELo] B0 W BAM} ¥ BANEA Ak} o] fEOR F2H),

kg/n'= S7stdet
YAeAs, BRI, JEE 5 22 GsleEox SATE0] /K] w79 AuHor Zsle] 4Ag
280l 74EH°UHE Azg Azhule] odsta o] 2 e Fol

B Aol q AxE SEARtES 2R AR, dgbo s Az SeAetunr 2Rl Huo] Yo ke ekl
o} o] HEe 7lwom Sfolel Avjolils SAAnE S SRk AnSe) VY 2ok dad dow wel
5t Aol SEARS] 4L Slstol WS, FAAEI 2L A|5HR Htel B BTl Baw Aoz
Holch

- 370 -




<<
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


