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Abstract—MgFe,0, nanostructures were synthesized via a facile hydrothermal reaction. The effect of various surfac-
tants such as cationic, anionic and polymeric on the morphology of the product was investigated. Magnetic nanoparti-
cles were added to cellulose acetate (CA) to make magnetic nanocomposite. Nanoparticles appropriately enhanced
flame retardant property of the CA matrix. Application of the most conventional flame retardants is limited with respect
to the environmental requirements. The most important novelty of this work is the preparation of a nontoxic magnetic
and flame retardant cellulose acetate nanocomposite. Dispersed nanoparticles play the role of a magnetic barrier layer,
which slows down product volatilization and prevents flame and oxygen from reaching the sample during decomposi-
tion of the polymer. In the presence of flame, magnetic nanoparticles remain together (show resistance to drop falling)
and build a barrier. Also, distribution of the magnetic nanoparticles into cellulose acetate matrix increases the coercivity.
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INTRODUCTION

Magnetic nanostructures are widely used as components in var-
ious applications of industrial and medical equipments. Ferrites
have emerged as novel materials with vast technological and scien-
tific interest considering their brilliant physical properties such as
reliable magnetization, large magneto-crystalline anisotropy, remark-
able chemical stability and low cost. Since their discovery in the
1950s, the degree of interest in them has grown enormously, and
is still growing today. They have been used for magnetic record-
ing, data storage materials, radar absorbing materials and magne-
toelectric applications [1-6]. Ferrite materials may be classified into
three different classes: spinel, garnet and hexagonal. Magnesium
ferrite is one of the important magnetic oxides with spinel struc-
ture. Preparation of MgFe,O, nanostructures is important for its
novel magnetic properties, particularly super-paramagnetic behav-
ior and biomedical applications. The eco-friendly ferrites are well
known for their enormous applications in the field of magnetic
and electronic materials and photo-catalytic applications. Among
spinel ferrites, MgFe,O, have been widely used in different fields
such as humidity sensor and gas sensors [7-12].

In the last two decades polymer matrix nanocomposites have
also been extensively investigated, since just a small amount of nano-
particles as an additive leads to production of novel high-perfor-
mance materials with excellent physicochemical properties. Cellu-
lose acetate (CA) is a well known derivative of cellulose and is widely
used in a broad field of applications such as adhesive, synthetic
fiber, film base in photography and separation processes (reverse
osmosis and filtering) [13-16]. Various methods for improving the
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fire retardancy of polymers have been developed. Improvement in
flame retardancy is mainly achieved by adding halogenated com-
pounds. Flame retardation is a process by which the normal deg-
radation or combustion of samples is changed. Most popular flame
retardants produce toxic gases during the flaming reaction and are
limited with respect to the environmental restrictions and health
consideration. Therefore, it is important to develop a new genera-
tion of flame retardants to substitute with the current flame retar-
dants.

We prepared different morphologies of MgFe,O, nanostructures
using hydrothermal reaction. While the predominant morphology
in other methods like sol-gel, microwave and sono-chemical is nano-
particles, hydrothermal method provides preferable orientated mor-
phology. In hydrothermal method, because of some particular condi-
tions (high temperature and pressure), nanoparticles grow in situ
and form novel extraordinary shapes [17-21]. Nanoparticles were
characterized using X-ray diffraction (XRD), scanning electron
microscopy (SEM), transmission electron microscopy (TEM) and
atomic force microscopy (AFM). The magnetic properties of the
samples were also investigated using an alternating gradient force
magnetometer (AGEM). The MgFe,O, were then added to cellu-
lose acetate. Magnetic properties of MgFe,O, nanoparticles and
nanocomposites were also compared. Results confirmed nanopar-
ticles appropriately enhanced flame retardant property of the CA
matrix.

EXPERIMENTAL

1. Materials and Methods

Fe(NO;); 9H,0 and Mg(NO;), 6H,0O, NaOH and acetone were
purchased from Merck Company. All the chemicals were used as
received without further purifications. XRD patterns were recorded
by a Philips, X-ray diffractometer using Ni-filtered CuK,, radiation.
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A multi-wave ultrasonic generator (Bandeline MS 72), equipped
l CA | with a converter/transducer and titanium oscillator, operating at
Acetone 20 kHz with a maximum power output of 76 W was used for the
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Fig. 1. Schematic of preparation of nanocomposite. Fig. 2. XRD pattern of MgFe,0, nanoparticles.
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Fig. 3. SEM images of nanostructures obtained by (a), (b) CTAB (c), (d) SDS and (e), (f) without surfactant.
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ultrasonic irradiation. SEM images were obtained using a LEO instru-
ment model 1455VP. Prior to taking images, the samples were coated
by a very thin layer of Pt (using a BAL-TEC SCD 005 sputter coater)
to make the sample surface conductor and prevent charge accu-
mulation, and obtaining a better contrast. Room temperature mag-
netic properties were investigated using an alternating gradient force
magnetometer (AGFM) device, made by Meghnatis Daghigh Kavir
Company in an applied magnetic field sweeping between +10,000
Oe. In UL-94 a bar shape sample 130x13x1.6 mm is held verti-
cally. A Bunsen burner flame is applied to the specimen twice (10s
each).
2. Synthesis of MgFe,O, Nanoparticles

Mg(NO;), 6H,0 (0.001 mol), Fe(NOs); 9H,0 (0.002 mol ) and
0.7 g of surfactant were dissolved in 190 mL of distilled water. 10 mL
of NaOH solution 1 M was then slowly added to the solution. The
reactants were then put into a Teflon-lined autoclave of 500 ml capac-
ity. The autoclave was maintained at 160 °C for 6 h. The black prod-
uct was centrifuged, washed with distilled water and dried in the
air. The powders obtained in this stage were then calcined at 500 °C
for 2 hours.
3. Preparation of Nanocomposite

4 g of cellulose acetate was first dissolved in 10 ml acetone solu-
tion. 1 g of nanoparticles MgFe,O, was dispersed in 10 ml acetone
solution with ultrasonic waves (30 min, 60 W). The nanoparticles
dispersion was then slowly added to the polymer solution. The new
solution was then mixed and stirred for 10 hours. In order to evap-
orate the solvent, the product was cast on a piece of glass template
and left for 24 hours (Fig. 1).
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RESULTS AND DISCUSSION

XRD pattern of MgFe,O, nanoparticles (calcined at 500 °C) is
shown in Fig. 2. The pattern of as-prepared nanoparticles is indexed
as a pure cubic phase (space group: Fd-3m), which is very close to
the literature values (JCPDS No. 73-2211). Results show without
calcination and in lower temperatures (<500 °C) crystallite phase
of ferrite was not obtained appropriately.

The crystallite size measurements were also carried out using
the Scherrer equation, Dc=KA/ACosé, where Sis the width of the
observed diffraction peak at its half maximum intensity (FWHM),
K is the so-called shape factor, which usually takes a value of about
0.9, and A is the X-ray wavelength (CuK,, radiation, equals to 0.154
nm). The estimated crystallite size is about 28 nm.

The effect of cationic and anionic surfactant on the morphol-
ogy of the product was investigated. By using cethyl tri-methyl am-
monium bromide (CTAB: cationic surfactant) nanoparticles with
average diameter of 30 nm were obtained (Fig. 3(a) and 3(b)). It
shows nucleation stage overcome to growth stage, and therefore
nanoparticles were achieved. Fig. 3(c) and 3(d) show SEM images
of the product when sodium dodecyl sulphate (SDS: anionic sur-
factant) was used that confirm nanostructures were synthesized.
SDS leads to preferential growth in nanoparticles and as a result
nanostructures were obtained. With applying SDS, the magnetic
product must be washed completely in order to prevent the for-
mation of metal-sulfur impurity. While CTAB has an advantage
compared to SDS because it totally decomposes and evaporates in
calcination at 500 °C. Blank reaction was also performed for mak-
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Fig. 4. SEM images of nanostructures prepared with (a), (b) PVP, (c) PVA and (d) PEG.
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ing better comparison and results confirm without using surfac-
tants (CTAB and SDS) some agglomeration was observed that are
shown in Fig. 3(e)-(f).

The polymers’ influence (neutral surfactants) on the particle
size and shape of the nanostructures were examined. Three kinds
of water soluble polymers were chosen for hydrothermal reaction.
By using polyvinyl pyrrolidone (PVP: MW25000) porous-nano-
structures were obtained that are illustrated in Fig. 4(a) and 4(b).

Fig. 5. TEM images of nanoparticles obtained by CTAB.
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SEM images show preferential growth by applying PVP, which means
growth stage has been preferred compared to nucleation stage, and
as a result porous-nanostructures were synthesized. Fig. 4(c) shows
the product when poly vinyl alcohol (PVA: MW20000-30000) was
used and plate-like nanostructures were synthesized. By applying
polyethylene glycol (PEG: MW6000) amorphous nanostructures
were achieved (Fig. 4(d)).

TEM images of nanoparticles obtained by CTAB are illustrated
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Fig. 6. Effect of various surfactants on the morphology of MgFe,O, nanostructures.
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in Fig. 5 that shows nanoparticles with average diameter of 15 nm. posite that confirms the appropriate dispersion of nanoparticles in
In hydrothermal method, because of high temperature and pres- the cellulose acetate matrix.
sure, nanoparticles grow in situ and form novel shapes [17-21]. For- Topographic AFM plot of pure cellulose acetate and CA-MgFe,O,

mation of MgFe,0O, and surfactant effect on the shape is depicted
in Fig. 6 schematically.

Fig. 7(a) shows SEM image of the pure cellulose acetate surface
that shows flat surface of cellulose acetate. There are some cracks
in the surface because CA decomposes slightly under electron beam.
Fig. 7(b) and 7(c) show SEM images of CA-MgFe,O, nanocom-
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Fig. 8. AFM images of (a) pure CA and (b), (c), (d) CA-MgFe,O,
A nanocomposite.
. e
EHT=1000KV WD= émm Mag= 10.00 KX Signal A= SE1
e for Color Science & T
ﬂ;:\
=
51
g Q
2 K
7 C-H
g
= O-H

Al c-=0 c-0
EHT=1000kY  WD= 7mm Mag= 10.00 KX signal A= SE1 C-0) :
Inatiie for Colorants; Palnis "'95 (ICPC) 4000 3000 2000 1000 400
e 3 ’a Wave number (cm™)
o m—
O-H Fe-O
’3 of moisture
&
3
=
p
G
g
=
(a)
BATa1000W WD= Trm Mag= 20,00 KX Signal A= SE1 I . . . B . .
Instiute for C Paints & Coalings (ICPC) 4000 3000 2000 1000 400
Fig. 7. SEM images of (a) pure CA and (b), (<) CA-MgFe,0O, nano- Fig. 9. FT-IR spectra of (a) MgFe,0O, nanoparticles (b) CA-MgFe,O,
composite. nanocomposite.

Korean J. Chem. Eng.(Vol. 32, No. 5)



908 D. Ghanbari and M. Salavati-Niasari

is shown in Fig. 8. Pure polymer shows smooth surface (Fig. 8(a)).
Roughness in the surface of the nanocomposite approves the pres-
ence of the nanostructures in the polymeric matrix (Fig. 8(b)-(d)).

FT-IR spectrum of MgFe,O, nanoparticles is depicted in Fig.
9(a). Absorptions at 414 cm™ and 596 cm™ are related to Fe-O bonds
in nanoparticles, and absorption in 3,414 cm™" is responsible for
O-H bonds (moisture) that adsorbed on the surface of the nanopar-
ticles. There is no strong peak related to precursors (nitrates, sur-
factants) that shows pure nanoparticle was synthesized. Fig. 9(b) is
the FT-IR spectrum of CA-MgFe,O, nanocomposite; a peak at 1,751
cm " is related to the C=O bond in CA. Absorptions at 1,044 and
1,161 cm™" are attributed to the C-O bonds in CA polymer. Peak
at 3,486 cm™" refers to the stretching vibration of O-H bond [21].
Absorption at 414cm ™' at nanocomposite confirms existence of
the MgFe,0, in the cellulose acetate matrix.

Room temperature magnetic properties of our samples were stud-
ied using an AGFM device. Hysteresis loop for MgFe,O, nanopar-
ticles is shown in Fig, 10. It was found that the as-obtained MgFe,O,
nanoparticles exhibit ferrimagnetic behavior with a saturation mag-
netization of 24.4 emu/g, a coercivity of 87 Oe and magnetization
remanent of 4.97 emu/g that is compatible to previous published
papers reporting magnetization and coercivity.
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Fig. 10. Room temperature hysteresis loop of MgFe,O, nanoparti-
cles.
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Fig. 11. Hysteresis loop of MgFe,O, porous nanostructures.
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Fig. 12. Hysteresis loop of CA-MgFe,0, nanocomposite.

Fig. 11 illustrates loop of porous-nanostructure. Nanostructures
have a ferrimagnetic characteristic with a saturation magnetization
of 26.8 emu/g and a coercivity of 101 Oe. Because the size of mag-
netic domains increases in porous nanostructures, coercivity is higher
than that of nanoparticles.

A hysteresis graph for CA-MgFe,O, nanocomposite is illustrated
in Fig. 12. Nanocomposite presents a saturation magnetization of
4.6 emu/g and a coercivity of 122 Oe.

To our best knowledge and based on our search in the literature,
very little work has been done on magnetic cellulose acetate nano-
composites. We studied the magnetic interaction between the nano-
particles surrounded by the polymeric chains. This interaction leads
to an increase (from 87 to 122 Oe) of nanoparticle coercivities com-
pared with the pure magnesium ferrite nanoparticles.

A possible explanation for this result could be as follows: The
magnetic moments of magnetic nanoparticles are pinned by the
cellulose acetate matrix chains, so that a higher magnetic field is
required for aligning the single domain nanoparticles in the field
direction [3,21]. This effect is illustrated in Fig. 13 schematically.

To make 5 g magnetic nanocomposite, 1 g of ferrite nanoparti-
cles is added to 4 g of polymer. Thus the nanocomposite magneti-
zation (defined as the magnetic moment per unit volume) is about
one-fifth of which is obtained for MgFe,O, nanoparticles.

The saturation magnetization of nanoparticles is higher than that is
obtained for CA-MgFe,O, nanocomposites. Coercivity of magnetic
nanocomposites highly depends on the magnetic nanoparticle distri-
bution into the polymeric matrix. Coercivity; remanence and satura-
tion magnetization of the synthesized samples are listed in Table 1.

The influence of MgFe,O, on the flame retardancy has been con-
sidered using UL-94 test.

If sample is extinguished in less than 10 seconds after any flame
application classified as V-0, drips of particles are allowed as long
as they are not inflamed. A V-1 classification is given to a sample
with maximum combustion time less than 30 seconds; circumstances
of drips are like V-0. The sample is classified V-2 if it has the com-
bustion time criterion of V-1, but flaming drips are allowed. Sam-
ples are ranked as N.C. in UL-94 tests when the maximum total
flaming time is above 50's. The sample is classified HB when slow
burning on a horizontal specimen, burning rate less than 76 mm/
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Magnetic Field (Oe)

87 Oe

24.4 emu/g

Magnetic Field (Oe)

4.6 emu/g

Higher Coercivity

Higher magnetic field is needed

netic field.

Table 1. Coercivity, remanence and saturation magnetization of the
MgFe,0, nanostructures and nanocomposite

Saturation .
o Coercivity Remanence

Sample magnetization (Oe) (emu/g)

(emu/g) &
MgFe,O, nanoparticle 244 87 4.97
MgFe,O, porous-like 26.8 101 5.52
CA-MgFe,O, 4.6 122 0.92
min [3,21].

The outcomes of UL-94 tests for CA and CA-MgFe,0, are N.C
and V-0, respectively. The results show that the MgFe,O, can en-
hance the flame retardancy of the CA matrix. According to the UL-
94 test, nanoparticles have been appropriately interacting in CA
matrix. Comparison of pure CA and CA-MgFe,0, nanocompos-
ite under UL-94 test is shown in Fig. 14.

Hydroxyl groups on the surface of ferrite have suitable interaction
with hydroxyl and carbonyl groups of cellulose acetate. Because of
the mentioned interaction, nanoparticles are appropriately dispersed
in polymer matrix. In the presence of flame and occurrence of poly-
mer decomposition, magnetic nanoparticles remain together. This
obstruction resists dropping, delays evaporation of polymeric seg-
ments and prevents reaching oxygen and flame to the sample.

CONCLUSIONS

Various morphologies of MgFe,O, nanostructures were prepared
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Fig. 14. Comparison of (a), (b) pure CA and (c), (d) CA-MgFe,O,
nanocomposite under UL-94 test.
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via a hydrothermal reaction. The influence of different surfactants
such as CTAB, SDS and polymeric on the morphology of the prod-
uct was examined. Nanoparticles exhibit a ferrimagnetic behaviour
with a saturation magnetization of 24.4 emu/g and a coercivity of
87 Oe at room temperature. For fabricating magnetic nanocom-
posites, nanoparticles were added to CA polymeric matrix. The
coercivity increased as result of MgFe,O, distribution in the cellu-
lose acetate matrix. The results show that magnetic obstruction
can enhance the flame retardancy of the CA matrix.

ACKNOWLEDGEMENTS

Authors are grateful to the council of university of Kashan for
their unending effort to provide financial support to undertake
this work by Grant No (159271/205).

REFERENCES

1. M. Pal, S. Bid, S. K. Pradhan, B. K. Nath, D. Das and D. Chakravorty;
J. Magn. Magn. Mater., 269, 42 (2004).

2.R.C. Pullar, I. K. Bdikin and A. K. Bhattacharya, J. Eur. Ceram. Soc.,
32,905 (2012).

3. D. Ghanbari, M. Salavati-Niasari and M. Ghasemi-Kooch, J. Ind.
Eng. Chem., 20, 3970 (2014).

4. M. Cernea, S.-G. Sandu, C. Galassi, R. Radu and V. Kuncser, /.
Alloys Compd., 561, 121 (2013).

5. D. Lisjak and M. Drofenik, J. Eur. Ceram. Soc., 26, 3681 (2006).

6. U. Topal, H. Ozkan and H. Sozeri, J. Magn. Magn. Mater., 284, 416
(2004).

May, 2015

7.S. Verma, P. A. Joy, Y. B. Khollam, H. S. Potdar and S. B. Desh-
pande, Mater. Lett., 58, 1092 (2004).
8.Y. Shen, Y. Wu, X. Li, Q. Zhao and Y. Hou, Mater. Lett., 96, 85
(2013).
9.Y. Huang, Y. Tang, J. Wang and Q. Chen, Mater. Chem. Phys., 97,
394 (2006).
10. C. Gong, Y--J. Bai, Y.-X. Qi, N. Lun and J. Feng, Electrochim. Acta,
90, 119 (2013).
11. Z. Durmus, B. Unal, M. S. Toprak, A. Aslan and A. Baykal, Phys.
B., 406, 2298 (2011).
12. B. Unal, Z. Durmus, A. Baykal, M. S. Toprak, H. Sozeri and A. Boz-
kurt, J. Alloy Compd., 509, 8199 (2011).
13. Z. Durmus, H. Kavas, H. Sozeri, M. S. Toprak, A. Aslan and A.
Baykal, J. Supercond. Nov. Magn., 25, 1185 (2012).
14. E Gholamian, M. Salavati-Niasari, D. Ghanbari and M. Sabet, ]
Clust. Sci., 24, 73 (2013).
15. P. Jamshidi, D. Ghanbari and M. Salavati-Niasari, . Ind. Eng. Chem.,
20, 3507 (2014).
16. M. Yousefi, E. Noori, D. Ghanbari, M. Salavati-Niasari and T. Ghol-
ami, J. Clust. Sci., 25, 397 (2014).
17. D. Ghanbari, M. Salavati-Niasari and M. Sabet, Compos. Part B
Eng., 45, 550 (2013).
18. A. Sobhani and M. Salavati-Niasari, Mater. Res. Bull, 53, 7 (2014).
19. A. Sobhani and M. Salavati-Niasari, Superlattice Microstruct., 65,
79 (2014).
20. A. Sobhani and M. Salavati-Niasari, Mater. Res. Bull., 48, 3204
(2013).
21. D. Ghanbari and M. Salavati-Niasari, . Ind. Eng. Chem., In Press
(2014).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


