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Abstract

The interface and thermal expansion behaviour of magnesium matrix composite (Mg-
-2Al) unidirectionally reinforced with continuous high modulus and high thermal conductivity
carbon fibres Thornel K1100 prepared by gas pressure infiltration technique was studied. The
structure of the fibre-matrix interface was analysed using light microscopy, SEM, EDS, and
TEM. Composite samples were subsequently thermally cycled at the heating/cooling rate of
3◦C min−1 in the temperature range of 30 to 350◦C in an argon atmosphere to reveal their
thermal expansion behaviour.

K e y w o r d s: metal matrix composites (MMCs), Mg/C interface, thermal expansion, CTE

1. Introduction

It is known that magnesium is the lightest struc-
tural metal. Magnesium alloys are 33 % lighter than
aluminium, 61 % lighter than titanium and 77 %
lighter than stainless steel making them promising
candidates as a replacement material for these metals
[1]. Magnesium has a high potential to serve in a vari-
ety of structural, hydrogen storage, and bio-related
applications due to its low density (1.74 g cm−3),
low Young’s modulus (40 GPa), high specific stiff-
ness, high thermal conductivity (156 W m−1 K−1)
and possible biocompatibility and biodegradability.
Mg belongs to the group of industrially used light-
weight metallic materials [2–4]. Magnesium possesses
several other benefits including excellent castability,
high damping capacity, good electromagnetic shield-
ing and excellent machinability and in production re-
quires less energy than aluminium. The limitations of
magnesium include its low elastic modulus and ductil-
ity, poor creep and abrasion resistance and high cor-
rosion rate. These can be partially restrained by the
addition of reinforcements to create magnesium com-
posites [1].
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In conjunction with high modulus (HM) carbon
fibres, magnesium matrix composites (MMCs) with
specific thermal properties related to high thermal
conductivity and low thermal expansion can be pro-
duced. Generally, MMCs introduce a new era of
engineering materials particularly in application re-
quirements where conventionally available materials
of nowadays are not sufficient. Important MMC ap-
plications in the ground transportation (auto and
rail), thermal management, aerospace, industrial, re-
creational and infrastructure industries have been en-
abled by improved functional properties that include
high structural efficiency, excellent wear resistance,
and attractive thermal and electrical characteristics
[5]. MMCs have also been identified as potential can-
didate materials for primary structural element ap-
plications in high-precision space-based system [6].
New magnesium composites are being developed for
applications in various branches of industry, mainly
for the automotive industry as lightweight structural
materials. The aim of developing of magnesium-based
metal matrix composites is not only to improve creep
resistance but also to reduce the thermal expansion of
the material [7].
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Gas pressure infiltration (GPI) is a promising route
to produce MMCs. This is due to its potential to pro-
duce structural parts of complex shapes, using a high
ceramic volume fraction and the possibility of tailor-
ing the properties accordingly to structural demands.
The aim of this work is to report on microstructure
and thermal expansion of Mg/C composites prepared
by this technique.

2. Experimental material and procedure

Prior to infiltration, rod-like carbon fibre preforms
were prepared by unidirectional alignment of HM car-
bon fibres Thornell K1100 using water soluble syn-
thetic polymer – PVA. These preforms with the di-
mensions of approximately 13 × 13 × 50 mm3 were
inserted in a Mo mould and preheated in a vacuum
∼ 47 Pa. As the infiltration temperature of 730◦C
had been reached, the system was allowed to equi-
librate thermally for roughly 5 min. Subsequently the
preform was immersed into the molten Mg-2Al mag-
nesium alloy and the infiltration started under the pro-
tective nitrogen atmosphere. Nitrogen gas pressure of
8 MPa was applied within 5 minutes. Infiltrated fibre
preforms were subsequently removed from the melt in
order to limit the potential fibre-matrix reaction.
Structural observations on as-received samples

were performed with light microscopy (LM – OLYM-
PUS GX51) and field emission scanning electron mi-
croscopy (SEM – JEOL 7600 FEG)). Structural stud-
ies were further performed with conventional trans-
mission electron microscopy (TEM – JEOL 1200
EX); chemical compositions were analysed using en-
ergy dispersive (EDS) X-ray spectroscopy (Oxford In-
struments INCA EDS6251 microanalysis system). Ion
milling at 5 kV accelerating voltage was applied for
preparation of thin foils for TEM observations.
Composite samples with the dimensions of 4 × 4 ×

10 mm3 were used for linear thermal expansion meas-
urements in both longitudinal (L) and transversal
(T) directions. Designation L and T corresponds to
fibre alignment direction with respect to longitudinal
sample axes. Samples were subjected to five consecut-
ive heating and cooling cycles at the heating/cooling
rate of 3 K min−1 in an argon atmosphere using LIN-
SEIS L75VS 1600C dilatometer equipped with a silica
holder. Samples were cycled in the temperature range
30 to 350◦C. Each thermal cycle started with the
sample preheating at 30◦C for 30 min, followed by
heating and subsequent cooling back to the room tem-
perature. One-hour rest time had been included be-
fore the next cycle started. Instantaneous CTE values
were calculated from the strain-temperature curves as
a function of temperature using LINSEIS TAWIN soft-
ware. All CTEs were calculated in the temperature
range 100 to 300◦C to eliminate the effect of non-

Fig. 1. Light micrograph of the structure of Mg-2Al/K1100
composite.

Fig. 2. The structure of Mg-2Al/K1100 composite as re-
vealed by SEM in the transversal direction (a), in the lon-

gitudinal direction (b).

steady state transient stages occurring at the begin-
ning and the end of heating and cooling periods.
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Fig. 3. Bright field TEM micrograph revealing the microstructure of Mg-2Al/K1100 composite (a), corresponding EDS
spectrum acquired from the highlighted area (b).

Fig. 4. Bright field TEM micrograph revealing the fibre – matrix interface in Mg-2Al/K1100 composite (a), corresponding
EDS spectra acquired from the highlighted area A (b), B (c), and C (d).

3. Results

3.1. Structural studies

Typical microstructure of gas pressure infiltrated
microstructure of Mg-2Al/K1100 composite as re-
vealed by LM in a cross-sectional view is presented in
Fig. 1. The average fibre volume content as determ-

ined via 5 image analysis in different locations was
∼ 63.0 %. As can be seen, a relatively homogeneous
distribution of carbon fibres was observed.
However, in the inter-fibre locations some cluster-

ing of carbon fibres is visible and resulted in sev-
eral pores (marked with white arrows) in SEM mi-
crographs presented in Fig. 2.
The microstructure of the composite was further
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Fig. 5. Bright field TEM micrograph revealing the poly-
crystalline zone at fibre-matrix interface in Mg-2Al/K1100
composite (a), dark field image formed using ring reflec-
tions highlighted in SAED pattern (b), SAED pattern ob-

tained from the polycrystalline zone (c).

analysed by TEM and EDS. As can be seen in Fig. 3,
two zones can be distinguished between C fibres and
the matrix. The bright structure-less zone is adjacent
to the fibres; dark appearing zone is adjacent to the
matrix. EDS spectrum in Fig. 3b confirms the matrix
composition with Mg alloyed with a small addition of

Fig. 6. Temperature dependences of the relative elongation
of pure Mg, HM carbon fibres and 5 cycles of Mg-2Al/
K1100 composite in L direction (a) and T direction (b).

Al. The closer analysis of interfacial zone is presented
in Fig. 4.
As can be seen in Fig. 4b, a distinct presence of

Al in the subsurface regions of C fibre is evident.
The composition of approximately 300 nm thick bright
structure-less zone B is formed mostly by C with some
O, Mg and minor Al. This zone is amorphous. Selected
area electron diffraction yielded only diffuse spectra
from this layer.
The neighbouring darker zone C is composed of

Mg and O with minor amounts of Al and Si. This
zone is polycrystalline as confirmed in Fig. 5. The size
of crystals is in nanometric scale.

3.2. Thermal expansion

The temperature dependences of the relative elong-
ation of pure Mg, HM carbon fibres (P100) and
Mg-2Al/K1100 composite in L and T directions are
presented in Fig. 6. The relative elongation of pure
Mg was measured at Linseis dilatometer. The pre-
cise expansion data of K1100 carbon fibres are not
known. However, high modulus P100 fibres reported
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Fig. 7. Temperature dependences of CTE of Mg-2Al/K1100
composite in L and T direction subjected to five consec-
utive thermal cycles during heating, compared with CTE
of pure Mg and HM carbon fibres in L direction during

heating (a) and cooling periods (b).

in [8] are recognised as the predecessor and close re-
lative to K1100 and therefore, these were chosen for
comparison.
Large differences in relative elongations were re-

corded in L and T directions. At the end of the first
thermal cycle, a permanent relative contraction was
recorded in L direction. The rest cycles were nearly
identical however with small permanent contractions.
All five cycles exhibit hysteresis – i.e. the heating and
cooling values do not coincide. However, the relative
elongation of the composite is closely related to the re-
lative elongation of high modulus carbon fibres (con-
tinuous line with black circles). This confirms that the
thermal expansion behaviour of Mg-2Al/K1100 com-
posite is governed by the expansion of K1100 fibres.
In T direction, small residual expansions were re-

corded in all five thermal cycles. Generally, the relative
elongation of Mg-2Al/K1100 composite in T direction
followed the expansion of Mg.
The experimental CTE values of Mg-2Al/K1100

composite measured during heating and cooling peri-

Ta b l e 1. The average CTEs of the composite in L and
T directions

CTE (10−6 K−1) Heating Cooling

in L direction –1.1 –0.4
in T direction 25.7 24.0

ods in the temperature range 100–300◦C are presented
in Fig. 7. The obtained CTE values reflect and further
confirm the anisotropy of the composite in L and T
directions. They point out the different character of
the first thermal cycle. However, the subsequent four
cycles are nearly identical for both heating and cool-
ing periods. It is obvious that the CTEs of composite
follow the CTE of HM carbon fibres in L direction; in
T direction CTEs of the composite are abreast with
CTE of Mg.
The average values obtained from all 5 thermal

cycles of the composite are reported in Table 1. In
L direction CTE values are negative for both heating
and cooling periods. In T direction the average CTE
values for Mg-2Al/K1100 composite are below those
of Mg.

4. Discussion

4.1. Structural studies

The primary precondition for successful applica-
tion of GPI is the wetting of the ceramic reinforcement
by the metal matrix. This is expressed by a contact
angle (θ) of the liquid metal on the ceramic reinforce-
ment (θ ≤ 90◦ is wetting and θ ≥ 90◦ is non-wetting
condition). Usually, the wetting of ceramics by metals
is poor and the contact angle nearly always exceeds 90
[9]. Magnesium does not react with carbon (known
magnesium carbides MgC2 and Mg2C2 are regarded
as endothermic compounds that are not synthesizable
from the elements and are subjected to thermal decay
at temperatures above 500 and 650◦C, respectively).
Thus, the infiltration of carbon fibres with magnesium
matrix does not form carbides and results in low ad-
hesion between fibre and magnesium matrix [3]. The
wettability in this system needs to be improved.
The simplest method how to improve the wet-

tability and interfacial bonding in Mg-C system is
to add some carbide forming element to pure mag-
nesium matrix. In this way, Mg matrix has been al-
loyed with 2 wt.% of aluminium (Mg-2Al). The desired
fibre-matrix reaction was facilitated in this way and
the interfacial bonding was expected to be improved
through the aluminium carbide (Al4C3).
It must be pointed out that behaviour of liquefac-

tion magnesium is mainly dependent on the outside
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Ta b l e 2. Properties of HM carbon fibre Thornel K1100

Property of HM carbon fibre Thornel K1100 Unit Value

Tensile strength (GPa) 3.1
Tensile modulus (GPa) 965
Density (kg cm−3) 2200
Filament diameter (µm) 10
Electrical resistivity (µΩ m) 1.1–1.3
Thermal conductivity in longitudinal direction (Wm−1 K−1) 900–1000
Thermal conductivity in transversal direction (Wm−1 K−1) 2.4
Coefficient of thermal expansion in longitudinal direction (10−6 K−1) –1.5
Coefficient of thermal expansion in transversal direction (10−6 K−1) 12

pressure. Beside this, there is an intense exothermic re-
action between liquid magnesium and oxygen. There-
fore, the whole infiltration needs to be performed un-
der inert protective gas.
The composite sample was pulled out from the

molten matrix metal immediately after infiltration to
limit the quantity of Al4C3 carbide possibly formed
due to the high affinity between Al and C. Actu-
ally, the Al4C3 carbide is strong hygroscopic what, if
formed in large amounts, inevitably leads to the com-
posite disintegration. The Al4C3 carbide formed at the
interface in Al-3Mg/C composites was reported in a
previous paper [10].
Structural studies revealed that the fibre distribu-

tion in infiltrated samples is quite homogeneous. This
is mostly due to the high fibre volume content that
does not allow any large redistribution of fibres.
However, closer inspection revealed that fibres any-

way tend to group into clusters. The unidirectional
alignment of long continuous fibres forms free channels
in the inter-fibrous locations that enhance the mol-
ten metal penetration. However, the metal needs to
enter the preform predominantly from the front (face)
side. When it comes from the flank side, it presses on
fibres arranging them into clusters in different mould
locations. In this case, the fibre distribution is not
completely homogeneous and the frequency of appear-
ance of non-infiltrated locations increases [10]. Pores
observed in the present composites had been formed
during infiltration as they were observed already on
as-infiltrated, i.e. not thermally cycled samples.
The EDS analysis performed on thin foils revealed

the increased amount of Al in K1100 fibre. That is
in accordance with the affinity of Al towards C. On
the other hand, the absence of Mg reflects the non-
reactivity in the Mg-C binary system.
An amorphous layer containing C, O, Mg, and Al

has been revealed adjacent to K1100 fibres. The ori-
gin of this layer is not quite clear. The fibre preform
was prepared using water-soluble synthetic polymer
– PVA. It had been applied on the carbon fibres as
the most convenient binder to improve the manipula-
tion of the preform. Full decomposition of PVA is sup-

posed at the infiltration temperature (730◦C) as the
decomposition of approximately 90.30 % of the whole
weight of PVA was recorded by TG/DTA measure-
ments already at 600◦C [11]. However, any reaction of
PVA with carbon fibres during the heating through
the infiltration cannot be fully excluded. The similar
amorphous layer was previously observed also in [10]
where K1100 fibre preforms had been infiltrated with
Al-3Mg alloy. This layer was composed of C, O and
Al.
The polycrystalline zone between the amorphous

layer and the matrix is formed mostly by Mg, some Al
(Si) and O. This has not been observed in a previous
study [10]. Although the precise identification of both,
i.e. amorphous as well as polycrystalline zones needs
further examination, they might be recognised as the
reaction product [12] between any absorbed oxygen
at the fibre surface and the magnesium (aluminium)
matrix at the interface during infiltration.
Contrary to expectations, Al4C3 carbide has been

neither observed nor analysed. The available amount
of Al was probably not sufficient or the time for diffu-
sion of Al to the interface was not enough to complete
this reaction. However, the interface is coherent indic-
ating a good interfacial bonding. If this bonding later
appears as not sufficient, it can be further improved
by increasing the Al content in the matrix or the in-
filtration time.

4.2. Thermal expansion

HM carbon fibres Thornel K1100 used in this study
represent a specific variant of advanced continuous C
phases with properties introduced in Table 2. It is im-
portant to point out that K1100 fibres have large an-
isotropy of thermal conductivity and thermal expan-
sion in longitudinal (L) and transverse (T) directions.
Recently, there has been considerable interest to in-
vestigate the thermal cycling behaviour of magnesium
metal matrix composites reinforced with HM carbon
fibres particularly in the changing temperature envir-
onments, e.g. in the course of real working conditions
simulated by thermal cycling [7].
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Thermal cycling is known to cause significant de-
gradation to most MMC systems. Types of internal
damage observed in MMCs include progressive inter-
facial reaction, microvoid, and microcrack formation
at the interface, interfacial bonding and sliding, fibre
fracture and plastic deformation of the matrix lead-
ing to dimensional instability. Some types of internal
damages are known to cause considerable degradation
in composite thermo-physical properties [6].
Mg matrix and HM carbon fibres have a differ-

ent coefficient of thermal expansions and thermal con-
ductivity. The CTE of magnesium matrix is large pos-
itive 25 × 10−6 K−1 [13] and that of fibres is even neg-
ative –1.5 × 10−6 K−1[6, 8]. As Rudajevova described
in [14] a mismatch in the coefficients of thermal ex-
pansion (CTEs) between the metal matrix and the
ceramic reinforcements causes large residual thermal
stresses that may be influenced by a large difference
between the thermal conductivity of the matrix and
the reinforcement during the preparation of Mg/C
composite.
Thermal expansion properties of Mg-2Al/K1100

composite samples were compared with experimental
values measured for pure Mg. This is not quite precise
as the nominal composition of the matrix metal was
Mg-2Al. However, it is assumed that a part of Al was
consumed in the interfacial reactions and the content
of the rest Al is very close to the solubility limit of
Al in Mg. No phase transformations are probable in
the temperature range up to 350◦C what suggests that
the thermal expansion behaviour of the matrix can be
very close to Mg.
With increasing temperature, the thermal stress

in the metal matrix at the interface may exceed the
yield stress of the matrix at a certain temperature, and
plastic flow can occur to relieve the stress. As Dutta
analysed [15] the continuous fibre reinforced compos-
ites are not deformed with the matrix and fibre in
isostrain condition. So, the plastic flow is complex and
strongly temperature dependent. In addition, creep
and relaxation phenomena are important at elevated
temperatures; they are both time and temperature de-
pendent and may lead to instability in composite di-
mensions.
During thermal cycling of Mg-2Al/C composite,

the slow heating/cooling rates allow the matrix to
elongate relative to the fibre via creep. No inter-
facial debonding occurs and the differential strain
between the matrix and the fibres is accommod-
ated by time-dependent diffusional sliding at the in-
terface close to the fibre ends, where large interfa-
cial shear stresses exist [14, 15]. No debonding or
degradation was observed at the interface of Mg
matrix and HM carbon fibres after thermal cyc-
ling.
Thermal expansion basically concerns the volume

of the sample. Therefore, the contraction in L direc-

tion is compensated by increased expansion in rest
directions (T).
The thermal cycling response of the composite is

strongly rate dependent. Due to differences in CTE of
magnesium matrix and fibres, the matrix is in residual
tension and fibres in residual compression after man-
ufacturing cooling (as-received condition) in L direc-
tion. The matrix residual tension is during heating
relatively quickly relieved. Compressive stress in the
matrix builds up with progressive heating. As soon as
the compression yield stress is reached the operation of
creep mechanism begins stress relief. The knee appear-
ing around 75◦C is coincidental with the start of this
stress relief leading to the decrease of relative elong-
ation as analysed by Dutta. This tendency proceeds
up to the temperature close to 350◦C where the non-
steady state transient stage occurs. After thermal cyc-
ling, the K1100 fibres were protruded from the matrix
that is in accordance with calculations of Dutta based
on diffusional accommodated interfacial creep mech-
anism.
The ability of composite to follow the thermal ex-

pansion (contraction) of carbon fibres increases with
increasing interfacial bonding strength. Current res-
ults indicate that the interface of composite seems to
be strong enough even without any excessive fibre-
matrix reaction.

5. Conclusions

Structural studies and thermal expansion measure-
ments of Mg-2Mg/K1100 unidirectionally reinforced
composite were performed in this work.
It appears that the GPI is a convenient techno-

logy to supply the molten metal in the fibre perform,
moreover it provides means how to modify the interfa-
cial reaction via proper alloying or modifying the time
of contact with the molten metal.
Coherent interface with two reaction zones, i.e.

amorphous and polycrystalline was observed in the
fibre-matrix interfacial zone by TEM.
They are believed to be the result of interfacial

reaction taking place between oxygen absorbed at the
fibre surface and magnesium (aluminium) matrix dur-
ing infiltration.
The expected Al4C3 carbide was not observed most

probably due to the lack of available Al in the alloy
or short time of fibre contact with the molten matrix.
The thermal expansion measurements confirmed

the large anisotropy of properties in L and T direc-
tions.
The thermal expansion in L direction is distin-

guished by a maximum at about 65◦C. This is related
to the start of the stress relief after the compression
yield stress of the matrix had been reached.
The thermal expansion in T direction exhibited
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some permanent elongation resulting from the plastic
deformation of the matrix within the thermal cycle.
The thermal expansion of the composite is closely

related to the expansion of fibres exhibiting negative
CTE throughout the whole temperature range in T
direction and positive CTE in L direction following
the behaviour of the matrix.
No signs of any disintegration were observed after

5 thermal cycles indicating that the interfacial bond-
ing is strong enough even without any excessive fibre-
matrix reaction.

Acknowledgements

The contribution of the project “Establishment of the
Centre of Excellence for research and development of struc-
tural composite materials for machine, construction and
medical applications” (ITMS: 26240120006); “Building of
the Centre of Excellence for research and development
of structural composite materials – 2nd stage” (ITMS:
26240120020); “Centre of Excellence for glycomics” (ITMS
262401231) supported by the Operational Programme Re-
search and Development using the financial assistance from
the European Regional Development Fund (ERDF) is ac-
knowledged. The financial support from the SRDAAPVV-
0556-12 project is highly appreciated.

References

[1] Gupta, M., Wong, W. L. E.: Mater. Charact., 105,
2015, p. 30. doi:10.1016/j.matchar.2015.04.015

[2] Mordike, B. L., Ebert, T.: Mater. Sci. Eng. A, 302,
2001, p. 37. doi:10.1016/S0921-5093(00)01351-4

[3] Hufenbach, W., Andrich, M., Langkamp, A., Czu-
lak, A.: J. Mater. Proc. Tech., 175, 2006, p. 218.
doi:10.1016/j.jmatprotec.2005.04.023

[4] Li, Q.: Mater. Lett., 133, 2014, p. 83.
doi:10.1016/j.matlet.2014.06.146

[5] Miracle, D. B.: Compos. Sci. Technol., 65, 2005, p.
2526. doi:10.1016/j.compscitech.2005.05.027

[6] Russell-Stevens, M., Todd, R., Papakyriacou, M.: Ma-
ter. Sci. Eng. A, 397, 2005, p. 249.
doi:10.1016/j.msea.2005.02.025

[7] Kumar, S., Ingole, S., Dieringa, H., Kainer, K.-U.:
Compos. Sci. Technol., 63, 2003, p. 1805.
doi:10.1016/S0266-3538(03)00133-7

[8] Pradere, C., Sauder, C.: Carbon, 46, 2008, p. 1874.
doi:10.1016/j.carbon.2008.07.035

[9] Bahraini, M., Minghetti, T., Zoellig, M., Schubert,
J., Berroth, K., Schelle, C., Graule, T., Kuebler,
J.: Compos. Part A-Appl. S, 40, 2009, p. 1566.
doi:10.1016/j.compositesa.2009.06.016

[10] Beronská, N., Iždinský, K., Štefánik, P., Kúdela, S. jr.,
Simančík, F., Vávra, I., Križanová, Z.: Kovove Mater.,
49, 2011, p. 427.

[11] Beronská, N.: Metal Matrix Composites Reinforced
with High Modulus Carbon Fibres Characterized by
High Thermal Conductivity. [Ph.D. thesis]. Bratislava,
IMMM SAS 2009.

[12] Seong, H. G., Lopez, H. F., Robertson, D. P., Ro-
hatgi, P. K.: Mater. Sci. Eng. A, 487, 2008, p. 201.
doi:10.1016/j.msea.2007.10.081

[13] Cverna, F.: ASM Ready Reference. Thermal Prop-
erties of Metals. Materials Park, ASM International
2002.

[14] Rudajevová, A., Lukáč, P.: Acta Mater., 51, 2003, p.
5579. doi:10.1016/S1359-6454(03)00421-X

[15] Dutta, I.: Acta Mater., 48, 2000, p. 1055.
doi:10.1016/S1359-6454(99)00402-4

http://dx.doi.org/10.1016/j.matchar.2015.04.015
http://dx.doi.org/10.1016/S0921-5093(00)01351-4
http://dx.doi.org/10.1016/j.jmatprotec.2005.04.023
http://dx.doi.org/10.1016/j.matlet.2014.06.146
http://dx.doi.org/10.1016/j.compscitech.2005.05.027
http://dx.doi.org/10.1016/j.msea.2005.02.025
http://dx.doi.org/10.1016/S0266-3538(03)00133-7
http://dx.doi.org/10.1016/j.carbon.2008.07.035
http://dx.doi.org/10.1016/j.compositesa.2009.06.016
http://dx.doi.org/10.1016/j.msea.2007.10.081
http://dx.doi.org/10.1016/S1359-6454(03)00421-X
http://dx.doi.org/10.1016/S1359-6454(99)00402-4


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [5952.756 8418.897]
>> setpagedevice


