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The chemically treated hemp fibres to reinforce polymers

Summary — The effect of different chemical treatments of hemp fibres, carried out by alkali treat-
ment, acetylation and modification with maleic anhydride, on their physical, thermal and chemi-
cal properties as well as their surface characteristic was discussed in this paper. The morphology of
the fibres was investigated by SEM. Thermal properties were investigated by TGA and DTA
methods and the chemical composition of fibres by FT-IR spectroscopy. Chemical modifications
resulted in the lowered content of lignin, pectin and hemicellulose, what is especially observable
with mercerised fibres. Another effect of the chemical treatment applied is related to the removal of
waxy substances from the surface, which was indirectly ascertained by SEM observation, which
revealed a relatively smooth hemp fibres surface. TGA results showed that the applied chemical
fibre treatment resulted in the lowered thermal degradation of the treated fibres, after the removal
of non-cellulose components, especially lignin.
Keywords: hemp fibres, chemical treatment, alkali treatment, acetylation.

W£ÓKNA KONOPNE MODYFIKOWANE CHEMICZNIE PRZEZNACZONE DO WZMACNIA-
NIA POLIMERÓW
Streszczenie — W³ókna konopne modyfikowano metod¹ alkalizacji, acetylowania lub za pomoc¹
bezwodnika maleinowego. W celu zbadania zmian chemicznych w³ókien konopnych po zastoso-
waniu modyfikacji wykonano analizê widm w podczerwieni (FT-IR) (rys. 2). Okreœlono równie¿
wp³yw przeprowadzonych modyfikacji na stabilnoœæ termiczn¹ w³ókien (rys. 4 i 5). Analiza
termograwimetryczna pokaza³a, ¿e w³ókna niemodyfikowane wykazuj¹ nieco gorsz¹ stabilnoœæ
termiczn¹ i ich degradacja rozpoczyna siê w ni¿szej temperaturze ni¿ w przypadku pozosta³ych
analizowanych w³ókien. W³ókna modyfikowane s¹ stabilne termicznie do ok. 250 °C, co mo¿e wy-
nikaæ z usuniêcia podczas modyfikacji mniej stabilnych sk³adników w³ókien, jak np. hemicelu-
loza, której rozk³ad rozpoczyna siê w temp. 150 °C. Za pomoc¹ SEM zbadano i porównano topo-
grafiê powierzchni w³ókien surowych i modyfikowanych chemicznie (rys. 3). Modyfikacja che-
miczna spowodowa³a usuniêcie warstwy wosków, co objawi³o siê tym, ¿e w³ókna elementarne w
wi¹zkach zosta³y bardziej wyodrêbnione. Usuniêcie substancji woskowych z powierzchni w³ó-
kien lignocelulozowych spowodowa³o ods³oniêcie powierzchniowych grup hydroksylowych i
zmianê topografii powierzchni w³ókien, czyni¹c powierzchniê bardziej szorstk¹.
S³owa kluczowe: w³ókna konopne, modyfikacja chemiczna, alkalizacja, acetylowanie.

Lignocellulosic fibres have been used since time
immemorial for manufacturing of clothing, ropes and
strings, paper and other articles of daily use. Today they
are also used for the reinforcement of thermosets and
thermoplastics, improvement in various properties, such
as their mechanical performance. Polymer based com-
posite materials reinforced with natural fibres are used in
the automotive industry for the manufacture of some
parts of the interior, in the building industry, furniture
industry and others.

Lignocellulosic fibres show very complex structure.
As an example, the schematic view of hemp fibres is
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Fig. 1. Schematic view of hemp fibres structure, according to
[1, 2]
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shown in Figure 1. The chemical composition of hemp
fibres is quite complex. These fibres consist of cellulose,
hemicellulose, lignin, as well as small amounts of waxes,
pectin and minerals [3]. The knowledge of the chemical
composition of the components is important because this
would help understand reactions occurring during
chemical modification of hemp fibres. Cellulose belongs
to the group of polysaccharides insoluble in water, con-
sisting of D-anhydroglucopyranose units joined by
�-1,4-glycosidic bonds. Each of the six-element hetero-
cyclic rings consists of alcoholic groups of primary and
secondary character of different reactivity, which could
be possible bonding partners for several chemical com-
pounds. Furthermore cellulose contains functional oxy-
gen groups like ether and carbonyl groups.

Hemicellulose, like cellulose, contains functional oxy-
gen groups, although, compared to the latter this is a
polysaccharide containing several units of sugar. More-
over it is characterised by the small molecular mass and
small water solubility.

Lignin is a complex polymer composed of aliphatic
and aromatic groups and bonds cellulose and hemi-
cellulose. It can be considered as the glue which bonds
the cellulose fibrils together to form the fibres. The last
components are pectins, which belong to the heterosac-
charides, mainly composed of polygalacturon acid and
waxes, which cover the lignocellulosic fibres and are in-
soluble in water, as described elsewhere [1, 4].

T a b l e 1. Properties of selected natural fibres in comparison to

properties of glass fibres according to [5]

Fibre
Young’s
modulus

GPa

Tensile
strength

MPa

Elonga-
tion at

break, %

Density
g/cm3

Specific
strength�)

km

glass 72 2000—3400 1.8—3.2 2.56 79.1—135.4

flax 45—100 600—1100 1.5—2.4 1.4—1.50 43.7—80.1

ramie 128 500—1000 1.2—4.0 1.4—1.50 36.4—72.8

hemp 35 390 1.1—1.6 1.4—1.50 28.4

jute 43 320—550 1.7 1.3—1.45 23.3—40.0

�) Specific strength — value of tensile strength divided by density
and acceleration of gravity.

Although the mechanical resistance of synthetic fibres
like glass or carbon fibres is higher than that of natural
fibres, the relatively high specific strength and the low
price of natural fibres make them very interesting as rein-
forcing elements in polymer based composite materials.
A comparison of the mechanical and physical properties
of selected natural fibres with glass fibres is shown in
Table 1. It can be seen that especially flax fibres exhibit
good specific strength, which corresponds to the specific
strength of glass fibres widely applied to reinforce poly-
mer based composite materials.

Furthermore, not only the mechanical but also other
properties of the natural fibres have to be considered.

One aspect is the processing of natural fibre reinforced
polymers, which is less complicated than in case of glass
fibre reinforced ones, as well as recycling of the former is
easier due to less fibre damage during the production
process [5—7].

Probably the most important factor affecting the me-
chanical properties of polymer based composite mate-
rials reinforced with the natural fibres is the adhesion at
the interface between the polymer matrix and the rein-
forcing fibres. The difference in the chemical composition
of the matrix polymer and the natural fibres and the re-
sulting polarity difference weakens the adhesion forces at
the interface. An example for such polarity difference is
the system polypropylene-flax, where the adhesion be-
tween matrix and fibres is relatively poor. To improve the
adhesion between fibre and matrix at the interface, addi-
tives like coupling agents (or compatibilizers) can be
used. One type of such coupling agents is maleic anhy-
dride grafted polyolefins, which can interact with the po-
lar fibres as well as the non-polar matrix due to their com-
bination of polar groups with non-polar polymer chains.

The ability of the natural fibres to absorb water, which
is due to cellulosic structure, results in a further release in
processing, because at the elevated processing tempera-
tures necessary for polymer processing, the water evapo-
ration causes problems with the wetting of the fibres with
the polymer. In order to avoid such problems one is well
advised to dry the fibres prior to processing and keep
them in the dry state to yield composites with sufficient
interfacial adhesion.

Decreasing the hydrophilic nature of natural fibres
and then the improvement in the adhesion on the inter-
face can be achieved by fibre modification, which can be
performed by chemical or physical methods. The physi-
cal treatment affects only the surface structure of fibres
whereas the chemical composition of fibres remains un-
changed. Examples for such physical treatment, as co-
rona treatment [8, 9], cold plasma treatment [10] and ther-
mal treatment [11] can be found in literature.

On the other hand, surface modifications of natural
fibres applying chemical compounds change the chemi-
cal composition of the surface and therefore can improve
the adhesion between the fibres and the polymer matrix.
An important method of chemical modification is chemi-
cal coupling [1] which can be performed via fibre treat-
ment with maleic anhydride-polypropylene copolymers
for improving the interface between cellulose based
fibres and polypropylene [12]. Other common chemical
modification methods, applied for natural fibres are graft
copolimerization [13], acetylation [14], alkalization [15]
and silanization [16].

The aim of this work was to investigate the effect of
different methods of the chemical treatment of hemp
fibres, carried out by alkali treatment, acetylation and
modification with maleic anhydride, on their physical
and thermal properties as well as their surface morpho-
logy.
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EXPERIMENTAL

Materials

The hemp fibres (Cannabis sativa) used in this study
were delivered by the Institute of Natural Fibres in Poz-
nañ (Poland), and have been cut in order to achieve the
mean length of 4 mm. Prior to the treatment, the fibres
were dried at 105 °C for two hours in a hot air cabinet.

Sodium hydroxide, acetic anhydride, maleic anhy-
dride, toluene and acetone were supplied by Sigma-Al-
drich.

Fibres modification

For alkali treatment, the pre-dried hemp fibres were
soaked in an aqueous solution of sodium hydroxide (8
wt. % solution of NaOH) for two hours at room tempera-
ture (20 °C). Afterwards, the fibres were rinsed with dis-
tilled water until the filtrate reached pH = 7. Next, the
fibres were dried again at 105 °C, until a constant mass
was reached.

Acetylation was carried out via soaking the fibres in a
solution of acetic anhydride (5 wt. %) in toluene for two
hours at elevated temperatures (66 °C). Afterwards, the
fibres were rinsed to obtain pH = 7 and dried at 105 °C
until constant mass was observed.

Maleic anhydride modification was carried out in the
same way as the acetylation, but a solution of 10 wt. %
maleic anhydride in acetone at temperature 55 °C was
used. The rinsing and drying steps were carried out after-
wards in the same manner.

Fibre analysis

FT-IR spectra of the fibres were recorded in reflection
mode by means of a Perkin Elmer infrared spectroscope,
equipped with an ATR-bridge (attenuated total reflec-
tion). The fibres were compressed and put under the ATR
measuring crystal. For each sample, ten spectra were re-
corded (with a resolution of 1 cm-1), and the average spec-
trum of these was used for the evaluation.

Thermogravimetric analysis (TGA) was carried out
using Mettler Toledo TGA/SDTA 851 device in air atmo-
sphere in a temperature range from 50 to 550 °C at a heat-
ing rate of 10 deg/min. About 10 mg of fibres were placed
in a 0.07 cm3 aluminium oxide crucible and put into the
aparatus, where the mass loss was determined.

The differential thermal analysis (DTA) measure-
ments were carried out at a Mettler Toledo DSC 822e
aparatus, in a temperature range of -50 °C to 600 °C at a
heating rate of 10 deg/min under air atmosphere. About
5 mg of the fibres were placed in an aluminium crucible,
and the temperature difference between the sample and
the reference crucible was recorded.

Scanning electron microscopy (SEM) was applied
(after sputtering the fibres) to get deeper insights into the

fibre surface morphology JEOL-JSM 5800LV microscope
were used. Ten samples of fibers for each modification
were prepared and analyzed.

RESULTS AND DISCUSSION

FT-IR Results

The aim of infrared spectroscopy was to trace the
changes in the chemical composition of the surface. A
closer look at the spectra, shown in Figure 2, reveals seve-
ral absorption peaks. The main absorption bands and
their assignment to the different groups are shown in
Table 2. The peak found at about 2300 cm-1 is due to the
presence of CO2 (from the air) in the sample, which can
not be eliminated completely in attenuated total reflec-
tion measurements.

T a b l e 2. Characteristic bands of the FT-IR spectra of the hemp

samples studied and described in [4, 18]

Wavenum-
ber, cm-1 Functional group Assignment

3489—3100 C-H, O-H stretching in alkyl or
aryl

2900, 2851 CH stretching vibrations

1740 C=O stretching of acetyl
or carboxylic acid

hemicellulose +
lignin + pectin

1650 COO- pectin

1550 C=C stretching of the aromatic
ring lignin

1465 C-H asymmetric bending in CH3 lignin

1430 CH2 bending cellulose

1372 O-H bending vibrations (in plane)

1343 O-H in plane bending cellulose

1317 CH2 wagging cellulose

1155 C-O-C asymmetric bridge
stretching cellulose

898 Asymmetric, out of phase ring
stretching cellulose

The different spectra of the untreated and alkali or
maleic anhydride treated fibres do not show any signifi-
cant differences. This is not surprising due to the fact that
in case of the alkali treatment, no new groups are intro-
duced to the fibres, and therefore no big difference can be
found. In case of the maleic anhydride treated fibres, the
problem is that the acid groups, which are introduced
with this treatment, are also found in the structure of the
untreated fibres, in the lignin as well as in the cellulose
itself, and therefore it is not possible to distinguish the
source of the peaks.

Only the acetylated fibres exhibit two distinct bands at
1740 and 1230 cm-1, respectively, which can be assigned to
ester and C-O bonds. This is due to the fact that with acetyla-
tion many ester bonds are established in the fibres [17].
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The band for 1740 cm-1 is attributed to the C=O
stretching of the acetyl groups of hemicellulose [4, 18].
This band is not present in the alkali treated samples.
According to the literature [19], the removal of hemicellu-
lose from the fibre surfaces makes this disappear.

Scanning Electron Microscopy results

For comparison purposes, SEM micrographs of the
fibre surface from the differently treated fibres were

taken and presented in Figure 3. The fibre surface of
the untreated fibres shows a layer of non-cellulose
components, which are suspected to be waxes, hemi-
cellulose or lignin. The alkali treated fibres look some-
what cleaner, as well as the fibre bundle structure itself
can be seen better than for the untreated fibres. This is
due to the fact that the waxes as well as some lignin are
removed from the fibres. Removing noncellulosic sub-
stances as fats, waxes, pectins, lignins and hemicellu-
loses, as a result of alkali treatment of hemp fibre is
also described in other papers [19—21]. The ESEM
images presented by Sgriccia et al. [19] showed that the
interfibrillar material, hemicellulose and lignin, were
etched away by the alkali treatment. Also, according to
the Kostic et al. [20] and Wang et al. [21] lignin cannot
be totally removed by the alkali process because deg-
radation or fragmentation of lignin is very limited due
to the presence of strong carbon-carbon linkages and
other chemical groups such as aromatic groups, which
are very resistant to chemical attack.

In case of the two remaining treatments, namely
maleic anhydride treatment and acetylation, the fibre
bundles are quite well separated. In the micrograph, the
elementary fibres, with a fibre diameter around 20 µm
and a very clean surface, can be observed. This can
emerge from the two treatments carried out at raised tem-
perature, where some of the fibre constituents can be
solved and therefore removed from the fibre surface.
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Fig. 3. SEM micrographs (×1200) of hemp fibres, a) raw, non-modified hemp fibres, b) acetylated fibres, c) alkali treated fibres,
d) fibres modified with maleic anhydride
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Fig. 2. ATR-FT-IR spectra of unmodified raw hemp fibres and
fibres after acetylation, maleic anhydride and alkali treatment



Thermal analysis results

The thermogravimetric analysis results are presented
in Figure 4. The measurements were carried out in the
atmosphere of air. The first mass loss observed occurs at
around 100 °C, which is due to the loss of water. This can
be observed for all the investigated samples. Afterwards,
the untreated fibres show slightly lower stability than the
treated ones. Degradation starts at lower temperatures
than for the treated ones, which are stable up to about

250 °C. It could be due to the fact that some components
of the cellulosic fibre, like hemicellulose or lignin, are re-
moved during the treatment process. Therefore the main
remaining part is cellulose itself, which is stable against
thermal degradation up to about 250 °C.

The results of differential thermal analysis, which are
shown in Figure 5, are in good accordance with the ones

from the TGA. First, a small endothermic peak can be ob-
served at about 100 °C due to the loss of water [22]. After-
wards, the fibre degradation takes place. DTA results
confirm that the untreated fibres start to degrade earlier
than the treated ones. The three treated types (acetylated,
alkali and maleic anhydride treated) show a similar
behaviour over the range of degradation. The reason for
that could be again the removal of some fibre compo-
nents like hemicellulose or lignin due to the treatment
process.

CONCLUSIONS

As shown in this work, the chemical treatment can
alter the properties as well as the morphology of hemp
fibres. The applied chemical modifications affected the
presence of waxes and hemicellulose at the fibre surface,
which could be seen in SEM micrographs. Results of TGA
and DTA measurements proved that thermal stability of
fibres was increased after the application of all treatment
methods. This was due to the removal of some non-cellu-
lose compounds of the hemp fibres, which were de-
graded earlier than the cellulose itself.

The only modification which yielded a different ATR
FT-IR spectrum, in comparison with spectrum of un-
treated fibres, was acetylation. This was due to the fact
that during this type of treatment numerous groups
should be introduced into the fibre, therefore yielding a
spectral response. The other treatments did not introduce
new chemical groups (alkali treatment) or the introduced
groups (maleic anhydride treatment) yield similar ab-
sorption bands than the hemp fibre itself.

The application of chemical modification and espe-
cially alkali treatment can be very beneficial for getting
good bonding at the interface between a polymer matrix
and the modified hemp fibres.

Chemically modified hemp fibers were used as rein-
forcement of polypropylene matrix composites. The me-
chanical properties of composites are presented in ano-
ther paper [23] and confirmed the effectiveness of ap-
plied chemical modification of hemp fibres.
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treated hemp fibres

0 100 200 300 400 500 600
0

20

40

60

80

100

Temperature, °C

M
as

s,
%

untreated
alkali treated
maleic anhydride treated
acetylated

Fig. 4. Thermogravimetric analysis (TGA) of untreated and
treated hemp fibres



9. Sakata I., Morita M., Tsuruta N., Morita K.: J. Appl. Polym.

Sci. 1993, 49, 1251.
10. Wang Q., Kaliaguine S., Ait-Kadi A.: J. Appl. Polym. Sci. 1993,

48, 121.
11. Li X., Tabil L. G., Oguocha I. N., Panigrahi S.: Compos. Sci.

Technol. 2008, 68, 1753.
12. Bledzki A., Faruk O.: Appl. Compos. Mater. 2003, 10, 365.
13. Ghosh P., Dev D., Samanta A. K.: J. Appl. Polym. Sci. 1998, 68,

1139.
14. Gomex-Bueso J., Westin M., Torgilsson R., Olesen P. O.,

Simonson R.: Holz Roh Werkst. 1999, 57, 178.
15. Joseph K., Thomas S., Pavithan C.: Polymer 1996, 37, 5131.
16. Cantero G., Arbelaiz A., Llano-Ponte R., Mondragon I.:

Compos. Sci. Technol. 2003, 63, 1247.

17. Chang S. T., Chang H. T.: Polym. Degrad. Stabil. 2001, 71, 261.
18. Colom X., Carrillo F., Nogues F., Garriga P.: Polym. Degrad.

Stabil. 2003, 80, 543.
19. Sgriccia N., Hawley M. C., Misra M.: Composites Part A 2008,

39, 1632.
20. Kostic M., Pejic B., Scundric P.: Bioresour. Technol. 2008, 99,

94.
21. Wang H. M., Postle R., Kessler R., Kessler W.: Text. Res. J.

2003, 73, 664.
22. Ouajai S., Shanks R. A.: Polym. Degrad. Stabil. 2005, 89, 327.
23. Pach J., Kaczmar J.: Polimery 2011, 56, 385.

Received 13 IX 2010,
in revised form 12 V 2011.

822 POLIMERY 2011, 56, nr 11—12



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket true
  /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 false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /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 true
  /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.)
    /PLK ()
  >>
  /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 [595.276 841.890]
>> setpagedevice


