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Abstract

Nano-sized hydroxyapatite (HA) particles were synthesized by sol-gel through water and ethanol based mediums of phosphoric acid
(H;PO,) and calcium hydroxide (Ca(OH),) at pH = 11 for different calcination time (1 h, 2 h, 4 h). The effects of calcination time and
solution on the crystallinity, morphology and impurity phases of the HA nanoparticles were examined via Fourier Transform Infrared
(FTIR), Scanning Electron Microscopy (SEM), Energy Dispersive X-ray Spectroscopy (EDS) and X-ray Diffraction (XRD). It was found
that crystallite size and the fraction crystallinity of the synthesized samples increased with calcination time. According to solution medium,
only CaO as impurity was appeared in the water-based solvent, CaO and Ca(OH), impurities were appeared in the ethanol-based solvent.
The lowest crystallinity was 0.92 and the highest crystallinity was 1.73 respectively, depending on the process parameters. The Ca/P atomic
ratio closest to the bone was found as 1.5178. As a result, the employed water-based sol-gel processes for 1 h calcination time was de-

termined as the optimum for the formation of nano-sized HA powders using calcium hydroxide and phosphoric acid.
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1 Introduction

Bioceramics, such as calcium phosphates (Ca-Ps)
have been widely studied for dental and orthopedic ap-
plications because they repair diseased or damaged parts
of the human body and increase the quality and length of
human life. Hydroxyapatite [HA, Ca;o(PO4)s(OH),] is a
bioceramic material which is generally reported as bone
graft for the artificial bone substitution in the biomedical
field due to its good biocompatibility with the bone
mineral’. Ceramic biomaterials that based on nano
sized HA show much higher bioactivity™ and im-

45 . .
(3] than micron sized ones. Release

proved resorbability
of calcium ions from nano sized HA is similar to that
from natural apatite and it is essentially faster than that
from coarse-grained crystals[é]. Table 1 demonstrates the
most important Ca-P salts generally seen as phase im-
purities during the synthesis of HA particles!”.

The axis of O and Ca atoms which are parallel to

the hexagonal axis with the cage constants @ =0.9418 nm
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and ¢ = 0.6884 nm form the hexagonal structure of the
stoichiometric HA [Ca;o(PO4)s(OH),]. Furthermore,
[CDHA,  Cajo—(POg4)s—
(HPO,4),(OH),—,, 0 < x < 1] is more pronounced as bio-
logical concern than stoichiometric HA because the Ca/P

calcium-deficient HA

ratio in the bone is close to 1.5 It has been claimed that
CDHA, which has the structure and same chemical
composition with human hard tissue, plays a significant
role in various processes such as bone formation and
remodeling. However, the HA mineral in bone has a
CDHA structure having a Ca/P ratio that is about 1.5,
which is clearly the same Ca/P ratio as the tricalcium
phosphates (TCP, Ca;(POg4),, Ca/P = 1.5), but its
chemical and structural composition is the same as the
stoichiometric HA, (Ca/P = 1.67)[9].

Synthesis of HA has been carried out a few ways,
which contain the conventional methods, for example,
modern chemical routes (hydrothermal, emulsion, sol-gel,
and co-precipitation methods) and solid-state reaction.
The sol-gel process is a great deal of widespread for
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Table 1 Ca/P atomic ratios of various calcium phosphates bioceramics

[7]

Name Symbol Formula Ca/P
Monocalcium phosphate monohydrate (MCPM) and (MCPH) Ca(H,PO4),-H,O 0.5
Monocalcium phosphate anhydrous (MCPA) and (MCP) Ca(H,PO4), 0.5
Dicalcium phosphate dihydrate (Brushite) (DCPD) CaHPO,4-2H,0 1.0
Dicalcium phosphate anhydrous (Monetite) (DCPA) and (DCP) CaHPO, 1.0
Octacalcium phosphate (OCP) Cag(HPO4),(PO4)4-5H,0O 1.33
a-Tricalcium phosphate (a-TCP) Ca3(POy), 1.5
p-Tricalcium phosphate (B-TCP) Ca3(POy4), 1.5
Amorphous calcium phosphate (ACP) Ca(POy),-nH,0 1222
Hydroxyapatite (HA) and (HAp) Ca;o(PO4)6(OH), 1.67

processing of nano-structured materials among the dif-
ferent synthesis process. As mentioned in the previous
study with microwave support'”), only starting materials
are required for synthesis by sol-gel method and nano
structures can be synthesized without external micro-
wave support. The sol-gel process allows mixing of
precursors which can significantly improve the chemical
homogeneity of the resulting powders at the molecular
level. These advantages include the relatively low syn-
thesis temperature, high product purity, homogeneous
molecular mixing and the ability to form nanosize parti-

", Produced HA with sol—gel process

cles and thin films
has demonstrated higher bioactivity being in contrast
with others, because of the presence of weakly crystalline
and carbonate ions in the crystal lattice. However, studies
on HA gel reproduction have always shown that the
synthesis of HA is accompanied by a secondary calcium
oxide (CaO) phase. As reported in literature, CaO de-
creases the biocompatibility of HA, therefore, there is an
interest in research that attempts to overcome this prob-

6121 For this reason attempts have been made to take

lem!
away the existing calcium oxide, either through modifi-
cation of the primary method, e.g. via the washing of the
calcined powder using dilute acid solutions or increasing

12531 "In vitro works, it has been shown

the aging time
that the bio-resorbability of the sol-gel producing HA is
higher than that of conventional powder which is close
to natural apatite!'*).

Many methods have been utilized to produce HA,
but there is little interest to research the effect of various
parameters on the shape, crystallinity and the size of the
nano size powder including related to sol-gel process'”.
At present study, the quality of the HA powder synthe-

sized by the sol-gel method has been investigated by

changing some parameters of the process such as mixing
time, medium pH, aging time, Ca/P ratio or temperature.
However, there are limited studies on the combination of
calcination time and solvent parameters particularly
when calcium hydroxide and phosphoric acid are used as
calcium and phosphorus sources with ethanol and water
based sol-gel technique, respectively. The structure of
the synthesized HA powders was analyzed.

2 Experimental details

Ca(OH), (Merck) and H;PO, (Merck), which are
starting calcium and phosphorous sources, were used to
obtain synthesized HA under different conditions.
Mixtures of the precursors were prepared taking into
account a Ca/P atomic ratio similar to that of unsubsti-
tuted HA equal to 1.67. For this purpose, 1.85g Ca(OH),
calcium precursor dissolved separately in 25 mL Double
Distilled Water (DDW) and 25 mL ethanol (C,H5OH,
Sigma Aldrich) for the preparation of calcium solutions.
Two separate phosphorous solutions containing 0.87 mL
of H3PO, were prepared according to the same proce-
dure. Each prepared solutions were mixed in sealed
containers at 60 “C for 30 min. The synthesis of HA was
carried out in sealed containers because the content of
hydroxyapatite was known to be affected by moisture in
the air moisture as mentioned in the previous work!®.
The prepared calcium solutions (water and ethanol based)
were added drop wise into the phosphate solutions
(water and ethanol based) under stirring same condition
that constant magnetic stirring for 30 minutes at 60 °C
separately for water and ethanol based sol-gel technique.
While the HA was synthesized by the sol-gel method,
different pH values such as pH = 9 used in another
study'”! may be used. Due to the fact that the HA
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compound has OH content OH (as can be seen from
Eq. (1)), the alkaline environment is important and the
pH is adjusted to 11 in present study by using ammo-
nium hydroxide (NH4OH, Sigma Aldrich) for both so-
lutions. The synthesis flow diagram was shown in Fig. 1.
The solutions were aged for 24 h at room tem-
perature. The aged sols were exposed to thermal treat-
ment at 105 °C in an air oven until the white dried gels
were obtained. The dried powders were grounded in a
mortar. The following equation can be used for the
chemical reaction between calcium hydroxide and
phosphoric acid which result in the formation of HA®!:

10Ca(OH) + 6H,PO, — Ca,,(PO,),(OH),
+18H,0. (1)

The both dried gels were divided into three groups and
were individually calcinated in oven (Nabertherm,
GmbH, Germany) for 1 h, 2 h and 4 h at 950 °C with
heating rate of 5 °C-min "', respectively, then placed in
air for cooling to ambient temperature. Morphology of
obtained powders were analyzed by X-ray Diffraction
(XRD, D/Max 2200 LV), Scanning Electron Microscopy
(SEM, JEOL, JMS 6060), Energy-Dispersive X-ray
Spectroscopy (EDS), and Fourier Transform Infrared
(FTIR, Perkin Elmer, Spectrum Two) Spectroscopy.
Obtained powders were labeled as HA1-HA6. The
samples labelled as HA1-HA3 were calcinated for 1 h,
2 h, and 4 h, respectively for water based solution; while
other labeled samples HA4-HA6 were calcinated for 1 h,
2 h, and 4 h, respectively for ethanol based solution.

3 Results

Fig. 2 represents the morphology of the powders
calcinated at 950 °C for 1 h, 2 h and 4 h. As observed, the
HA powders obtained from both solvents were found to
be non-uniform and the arrangement of cluster like par-
ticles came together to form nano-sized spherical na-
noaggregates for all calcination time. However, it is
possible to say that in some degree homogeneous, nar-
row range size and lower degree of aggregation occurred
in water-based samples. As it can be seen in Fig. 3 and
Table 2, EDS analysis (at x1,000 magnification) re-
vealed that all elements belong to HA are detected.

Fig. 4 shows X-ray diffraction patterns for the water
based (a) HA1-HA3 and ethanol based (b) HA4-HA6

= H,0
Solvent

« C,H;OH

\E

NH,OH Stirring at 60 °C for 30 min
pH=11 \

«1h
l Calcination at 950 °C «2h
=4h

Nano HA powder

Fig. 1 Flow chart of hydroxyapatite preparation.

Fig. 2 SEM images of (a) HA1, (b) HA2, (c) HA3, (d) HA4, (e)
HAS and (f) HAG6.
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Fig. 3 EDS analyses of (a) HA1, (b) HA2, (c) HA3, (d) HA4, (e) HAS and (f) HAG.
Table 2 EDS analysis of HA1-HAG6 samples
o p Ca Ca/P atomic
Samples .
wt.% at.% wt.% at.% wt.% at.% ratio
HAL1 45.539 66.089 18.223 13.367 36.238 20.544 1.5369
HA2 58.046 75.781 15.363 10.360 26.591 13.859 1.3377
HA3 52.927 71.848 16.592 11.634 30.481 16.518 1.4198
HA4 40.623 60.9609 19.696 15.2675 39.681 23.7716 1.5570
HAS 46.273 66.106 19.401 14317 34.326 19.577 1.3674
HA®6 46.142 66.130 18.171 13.452 35.687 20.418 1.5178
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powders. As observed, the formation of components
such as HA, CaO and Ca(OH); in synthesized powders
was confirmed by using XRD-Rigaku D/MAX 2000
with Cu Ka radiation at 40 kV and 30 mA. The wave-
length 4 and step size were 0.15406 nm and 0.04°, re-
spectively. The lattice constants were determined by
least square corrections from the well-defined positions
of the most intense reflections processed by the MDI
Jade 6.1 software. XRD patterns showed that HA1-HA3
samples dominantly consisted of HA according to ICDD
PDF card No. 86-0740 and small amount of CaO, while
HA4, HAS samples contained HA according to ICDD
PDF card No. 84-1998; HA6 was HA according to
ICDD PDF card No. 72-1243. Also, some CaO and
Ca(OH), were detected in HA4-HAG6 samples (Fig. 4b).

The crystal size D was calculated using the equa-

tion of Debye—Scherer!"™:

kA
B,,cos6’

)

where & is 0.94, 6 is Bragg angle of peak from diffraction
and By, is the half peak width in terms of radians of the
(002)hkl reflection. This reflection (002) assigns it to the
plane family of Miller and demonstrates crystal growth
along the c-axis of the HA crystal structure.

The fraction crystallinity, X., of the HA could also
be determined from Ref. [19]:

024
X === 3
(ﬂ] (3)

where £ is the full width half maximum (FWHM) value.

The densities of the synthesized samples were ob-
tained using the formula: p= (W x Z)/(V % 0.6022169),
where W is formula mass, Z is the formula units number
per unit cell, and V' is the volume calculated from unit
cell constants'*”’. The values found in the XRD patterns
are shown in Table 3.

Fig. 5 illustrates the infrared spectra of the synthe-
sized powders. The characteristic bands of internal
phosphate (PO,>") vibrations have been found in each of
the all spectra. The band at 470 cm™' was appoint to v,
(O—P-0) bending vibration; the presence of two bands
at 565 cm 'and 607 cm ' are assigned to characteristic
v4 (O—P—0) bending vibration; the 957 cm™"' band in the
spectra was correspond to v; (P—O) symmetric stretching

and the doublet between 1100 cm ™' — 1000 cm ' was
attributed to v; (P—O) antisymmetric stretching vibra-
tion.

4 Discussion

The morphologies of HA in Fig. 2 are different
from each other due to high density of inter and in-
tramolecular noncovalent hydrogen bonds between —OH
groups of water molecules and nucleated HA crystalline
structure. This effective interaction in Ca and P nuclea-
tion decreased the crystal growth compared to ethanol.
Thus, it causes decrease in aggregation. On the contrary,
the density of intermolecular hydrogen bonding interac-
tions in the alcohol is less dense than in the water.
Therefore, the intermolecular hydrogen bonding inter-
actions between HA crystalline structures were more
dominant than in the water and it caused an increase in
aggregation. Also according to EDS analysis results
(Table 2) HA1, HA4 and HA6 samples were found to be
closest HA in bone structure which is 1.5.

Intensity (Counts)

260()

= HA
o CaO
« Ca(OH),

Intensity (Counts)

10 20 30 40 50 60 70 80 90
200)

Fig. 4 X-ray diffraction patterns for the water based (a)
HA1-HA3 and ethanol based (b) HA4-HA6 powders.
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Table 3 Lattice parameters and crystallite sizes of HA1-HAG reflected by XRD pattern

Lattice constants (A ine wi i Average Fraction
Samples Space group ® Lm;\v;gt&(g)o 2 20 (%) VA ]?eflcsli}j’;) crystal size,  crystallinity,
a b c pie D (nm) Xe
HALI P6;m ' (176)  9.352 9.352 6.882 0.247 26.099 2 32 345 0.92
HA2 P6;m ™' (176)  9.352 9.352 6.882 0.222 26.101 2 32 38.38 1.26
HA3 P6;m ' (176)  9.352 9.352 6.882 0.201 26.022 2 32 42.39 1.70
HA4 P6;m ' (176)  9.417 9.417 6.874 0.226 25.941 2 3.159 37.69 1.20
HAS P6;m ' (176)  9.417 9.417 6.874 0.216 25.882 2 3.159 39.43 1.37
HA6 P6;m ' (176)  9.432 9.432 6.881 0.200 25.798 1 3.146 42.58 1.73
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Fig. 5 FTIR spectra of (a) HA1-HA3 and (b) HA4-HAG®.
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XRD results for water and alcohol based samples
according to the calcination time of 1 h, 2 h and 4 h were
shown in Fig. 4. These patterns indicate HA is the
dominant phase, nevertheless some CaO and Ca(OH),
contributions were observed. The presence of CaO
(ICDD PDF card No. 48-1467) has been reported from
XRD patterns of both water (Fig. 4a) and ethanol based
(Fig. 4b) powders. Also the presence of Ca(OH), (ICDD
PDF card No. 44-1481) has been indicated from XRD
patterns of ethanol based powders. When calcination
time increases; while no increase or decrease in HA
peaks, peak intensity of other phase changed. The
weakest CaO peaks were found at 1 h calcination time in
alcohol-based samples as in water-based samples. Thus,
the impurity peaks [CaO peak (002) at 26 = 37.3 and
Ca(OH), peak (001) at 26 = 18.1] were found to be
increased with calcination time in both water and alco-
hol based samples. This showed that HA decomposes
with the increase in calcination time and thus CaOH and
CaO peaks formed.

It is possible to claim that both the crystallite size
and fraction crystallinity increase with the calcination
temperature. HA with high crystallinity exhibits little or

21221 and forms the smooth

no activity for bio-resorption!
surface and regular shape of the nanoparticles>.

The evaluated degrees of crystallinity for these
samples are given in Table 3. The crystallinity increased
in the range of 0.92 — 1.70 and 1.20 — 1.73 for the HA
powders prepared in water and alcohol based solution,
respectively, which indicated a strong calcination tem-
perature and solution medium dependence of the crys-
tallinity of the HA prepared. It was noticed that the
crystallinity was increased in direct proportion to the
calcination time in both HA samples. However, the
lowest crystallinity was observed in HA1, which was
synthesized in water based medium and calcined for 1 h.
The reason is probably that the calcination time also
affects the morphology and thus the crystallinity as re-
ported by previous study[24]. There was no significant
change in crystallinity when compared to solution media.

The obtained FTIR vibration bands demonstrate the
characteristic molecular structures of the poly-hedrons
of PO, in the lattice of apatite™?®. The peak at
3738 cm ' observed in four spectra corresponds to the
tensile vibration of the OH ' ions in the HA lattice!*".

Therefore, FTIR spectra support the XRD results.
5 Conclusion

HA samples were synthesized successfully in both
aqueous and alcoholic solutions with different process
parameters. The lowest crystallinity was found as 0.92 in
the HA2 sample, while the highest crystallinity was
found in the HA6 sample as 1.73. And also, the Ca/P
atomic ratio closest to the bone was found as 1.5178 in
the HA6 sample. After the synthesis process, dominant
HA phase along with small amount of CaO and Ca(OH),
were obtained depending on solvent media and calcina-
tion time. According to process parameters, calcination
time strongly determines the purity of HA compound
dominantly obtained in water based solution with small
amount of CaO. Consequently, water based solvent and
1 h calcination time at 950 °C process were found to be
optimal for the synthesis of HA at pH = 11 with calcium
hydroxide and phosphoric acid sources compared to
ethanol solution.

References

[1] Gopi D, Kavitha L, Rajeswari D. Synthesis of pure and
substituted hydroxyapatite nanoparticles by cost effective
facile methods, In Aliofkhazraei M ed., Handbook of
Nanoparticles, 2015, 167-190.

[2] CaiYR,Liu YK, Yan W Q, Hu Q H, Tao J H, Zhang M, Shi
Z L, Tang R K. Role of hydroxyapatite nanoparticle size in
bone cell proliferation. Journal of Materials Chemistry,
2007, 17, 3780-3787.

[3] Dorozhkin S V. Nanosized and nanocrystalline calcium
orthophosphates. Acta Biomaterialia, 2010, 6, 715-734.

[4] DongZH,LiY B, Zou Q. Degradation and biocompatibility
of porous mnano-hydroxyapatite/polyurethane composite
scaffold for bone tissue engineering. Applied Surface Sci-
ence, 2009, 255, 6087-6091.

[5] Wang Y Y, Liu L, Guo S R. Characterization of biodegrad-
able and cytocompatible nano-hydroxyapatite/polycaprolac-
tone porous scaffolds in degradation in vitro. Polymer Deg-
radation and Stability, 2010, 95, 207-213.

[6] Sadat-Shojai M, Khorasani M T, Dinpanah-Khoshdargi E,
Jamshidi A. Synthesis methods for nanosized hydroxyapa-
tite with diverse structures, Acta Biomaterialia, 2013, 9,
7591-7621.

[71 Vallet-Regi M, Gonzalez-Calbet J M. Calcium phosphates as

substitution of bone tissues. Progress in Solid State Chem-

@ Springer



318

Journal of Bionic Engineering (2019) Vol.16 No.2

(8]

[10

—

[12

—

[13

[

[14]

[15

—_

[16]

[17]

istry, 2004, 32, 1-31.

Liu D M, Troczynski T, Tseng W J. Water-based sol-gel
synthesis of hydroxyapatite: Process development. Scanning
Electron Microscopy, 2001, 22, 1721-1730.

Liou S C, Chen S Y, Lee H Y, Bow I S. Structural charac-
terization of nano-sized calcium deficient apatite powders.
Biomaterials, 2004, 25, 189-196.

Tiirk S, Altinsoy I, CelebiEfe G, Ipek M, Ozacar M, Bindal C.
Microwave—assisted biomimetic synthesis of hydroxyapatite
using different sources of calcium. Materials Science and
Engineering: C, 2017, 76, 528-535.

Bose S, Saha S. Synthesis of hydroxyapatite nanopowders
via sucrose-templated sol-gel method. Journal of the
American Ceramic Society, 2003, 86, 1055-1057.
Eshtiagh-Hosseini H, Housaindokht M R, Chahkandi M.
Effects of parameters of sol-gel process on the phase evolu-
tion of sol—gel-derived hydroxyapatite. Materials Chemistry
and Physics, 2007, 106, 310-316.

Hsieh M F, Perng L H, Chin T S, Perng H G. Phase purity of
sol-gel—derived hydroxyapatite ceramic. Biomaterials, 2001,
22,2601-2607.

Fathi M H, Hanifi A, Mortazavi V. Preparation and bioac-
tivity evaluation of bone-like hydroxyapatite nanopowder.
Journal of Materials Processing Technology, 2008, 202,
536-542.

Michael F M, Khalid M, Ratnam C T, Chee C Y, Rashmi W,
Hoque M E. Sono-synthesis of nanohydroxyapatite: Effects
of process parameters. Ceramics International, 2015, 42,
6263-6272.

Waheed S, Sultan M, Jamil T, Hussain T. Comparative
analysis of hydroxyapatite synthesized by sol-gel, ultra-
sonication and microwave assisted technique. Materials
Today: Proceedings, 2015, 2, 5477-5484.

Bakan F, Lagin O, Sarac H. A novel low temperature sol—gel
synthesis process for thermally stable nano crystalline hy-
droxyapatite. Powder Technology, 2013, 233, 295-302.

[18]

[20]

[22]

(23]

[24]

[25]

[26]

[27]

@ Springer

Huang Z, Zhou Q, Wang X F, Liu Z C. A biomimetic syn-
thesis process for St**, HPO,”, and CO;* substituted
nanohydroxyapatite. Materials and Manufacturing Proc-
esses, 2016, 31, 217-222.

Degirmenbasi N, Kalyon D M, Birinci E. Biocomposites of
nanohydroxyapatite with collagen and poly(vinyl alcohol).
Colloids Surfaces B: Biointerfaces, 2006, 48, 42—49.

Fan W, Sun Z, Wang J, Zhou J, Wu K, Cheng Y. Evaluation
of Smy gsBag gsFegosRug 9503 as a potential cathode material
for solid oxide fuel cells. RSC Advances, 2016, 6,
34564-34573.

Sanosh K P, Chu M C, Balakrishnan A, Lee Y J, Kim T N,
Cho S J. Synthesis of nano hydroxyapatite powder that
simulate teeth particle morphology and composition. Cur-
rent Applied Physics, 2009, 9, 1459—-1462.

Currey J. Sacrificial bonds heal bone. Nature, 2001, 414,
699.

Pang Y X, Bao X. Influence of temperature, ripening time
and calcination on the morphology and crystallinity of hy-
droxyapatite nanoparticles. Journal of the European Ce-
ramic Society, 2003, 23, 1697-1704.

Chen L, Tang C Y, Ku H S, Tsui C P, Chen X. Microwave
sintering and characterization of polypropylene/multi-walled
carbon nanotube/hydroxyapatite composites. Composites
Part B: Engineering, 2014, 56, 504-511.

Paz A, Guadarrama D, Lopez M, Gonzalez J E, Brizuela N,
Aragén J. A comparative study of hydroxyapatite nanopar-
ticles synthesized by different routes. Quimica Nova, 2012,
35, 1724-1727.

Varma H K, Babu S S. Synthesis of calcium phosphate
bioceramics by citrate gel pyrolysis method. Ceramics In-
ternational, 2005, 31, 109-114.

Mujahid M, Sarfraz S, Amin S, Road J. On the formation of
hydroxyapatite nano crystals prepared using cationic sur-
factant. Materials Research-Ibero-American Journal of
Materials, 2015, 18, 468-472.




<<
  /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
  /CreateJDFFile false
  /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

  /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


