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THERMAL DEGRADATION AND DECOMPOSITION OF
JUTE/VINYLESTER COMPOSITES

V. Alvarez, E. Rodriguez and A. Vizquez

Research Institute of Material Science and Technology (INTEMA), Mar del Plata University, Juan B. Justo 4302 (7600)
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Thermal analysis of jute fibre reinforced vinylester resin with 30 vol% of fibre were performed by TG/DTG under dynamic condi-
tions. The fibres were treated with alkaline solution at different temperatures and the final composition (cellulose, hemicellulose
and lignin) of the fibre was determined by chemical analysis. Apparent activation energies were determined using a variety of con-
ventional thermogravimetric methods. Two peaks were found in the composite differential curves: the first peak close to 327 and
the second peak at 408°C. The apparent activation energy values for the second peak decreased when fibre were treated. The addi-

tion of the jute fibres produced a slightly decrease in the thermal stability of the composites.
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Introduction

There exists several fibre treatment or process of puri-
fication for cellulosic fibres. Alkaline treatment is a
purifying treatment that removes impurities such as
waxes, pectins, hemi-celluloses and mineral salts. It
produces changes of the super-molecular structure
and morphology of cellulosic fibres. On the alkaline
treatment of jute fibres reports the removal of lignin
and hemicelluloses [1-5], and as consequence the
treatment not only modified the surface of the fibre,
but also change the morphology of the fibre [6]. Alka-
line treatment drives to interlocking between fibres
and matrix and as results composites with better me-
chanical properties can be obtained [7].

Natural fibres are a complex mix of organic ma-
terials and, as a result of that, thermal treatment pro-
duces a variety of chemical and physical changes.
Fibres thermal stability can be studied using thermal
gravimetric analysis (TG). Thermal degradation of
this kind of materials involves loss of moisture, dehy-
dration (180-280°C), glycosan formation and de-
polymerization, volatilisation and char formation. In
thermogravimetric curves two decomposition steps
can be distinct: the first peak at 300°C corresponds to
the hemicellulose decomposition and the glucosidic
unions of cellulose. The second one appears at around
360°C and it is due to the thermal decomposition of
o-cellulose. The third important component: lignin
presents a wider peak that appears between 200 and
500°C, with a maximum at 350°C, is superposed to
the other two peaks [8—10].

Pyrolysis reaction between cellulose and lignin
produces gases and follow a first order kinetic. Lignin
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is more thermally stable than cellulose and hemi-
cellulose [11-13]. The thermal decomposition of jute
fibres at 200°C and higher temperatures produces
volatiles and the obtained composites exhibit low
density and poor mechanical properties [11].

The determination of kinetic parameters for ther-
mal degradation from TG data has been widely used
in different kind of composites [14, 15].

The literature on thermal degradation and the ap-
plication of kinetics models are still limited for this kind
of materials in spite that this material is growing up in
the use in automotive applications. The aim of this work
was to study the effect of fibre chemical modification on
the thermal degradation of jute/vinylester composites at
temperatures around the processing temperatures of this
kind of material because the thermal degradation of the
fibres at low temperatures can produce the detriment of
the final mechanical properties. Final mechanical prop-
erties will be determined in a future work.

Theoretical approach

When a reaction is study by a differential thermal
analysis (DTA); the sample mass decreases at low
rate as pyrolysis begins; then falls precipitously over
a narrow range of temperatures and finally shift to
zero slopes as the reactant is consumed. The shape of
the curve is determined by the kinetic parameters of
such as: reaction order, rate constants and activation
energy [16—18]. Generally, kinetic studies are based
on the equation:
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9 k@) (1)
dt
where o, is the degree of conversion or fractional mass
loss, k is the rate constant and ¢ is the time. This equa-
tion gives the relationship between the rate of conver-
sion, da/dt, the reactant concentration loss and the
rate constant at a fixed temperature.

If it is assumed that the rate of conversion is pro-
portional to the reactant material concentration, the
conversion function fla) can be expressed as:

fa)=(1-0)" )

On the other hand, the rate constant, &, is cor-

rectly approximated by an Arrhenius type equation,

and by combining all equations and introducing the
heating rate, 3, the final equation is:

_do :éexp “Eu \ar
(-a) B \RT

where F, is the apparent activation energy, A4 is the
preexponential factor, n is the apparent order of reac-
tion, R is the universal gas constant and 7 is the abso-
lute temperature. The last one is the general equation
utilized for all analytical methods to obtain kinetic pa-
rameters on the basis of TG data. Although, there are
several methods, the most useful are that in that the
reaction order is not assumed. The methods used in
this work are described on Table 1.

In order to fit the experimental results, a function
of fla) for the Eq. (1) with two exponents: n and m
were also used.

)

do _pa-ayan

dt
By comparing with Eq. (1), in this kinetic expres-
sion the kinetic decomposition constant & depends on
the conversion by the expression: kK'a™. Each experi-
mental curve was deconvoluted into two peaks
(Lagrangian integral) and they were fitted by a non-lin-

“4)

Table 1 Degradation methods used in this work

ear curve fitting mode. Marquard methods were ap-
plied for finding the fitting parameters: m, n and k.
Then, if a; and o, are the conversions of the first and
the second peak respectively, the complete decomposi-
tion kinetics expression is defined on two intervals:

do _{doc1 /dt for0<a <0.416}

— ()
dt  |do, /df for0416<a <1

Then, considering each peak conversion from 0
to 1, the global conversion can be determined by us-
ing the following expression:

1 1 1
| dag, =04 doy g 106 | das, g ©6)
) ) “ae P

Experimental
Materials

Vinylester Derakane 411-350 resin from Dow was
used, Poliresinas San Luis, Buenos Aires, Argentina,
kindly supplied it. Jute supplied by Casthanal, Brazil,
was used as reinforcement. The resin was reinforced
with 30 vol% of untreated and alkaline treated flax fi-
bre mat. The fibre mat was cut to short fibre of ap-
proximately 1 mm. This powder was manual mixed
with the liquid resin and specimens of 10 mm of di-
ameter and 1 mm of thickness were prepared in order
to obtain a homogeneous specimen. All plaques were
post cured in an oven at 140°C for 120 min.

Alkaline treatment

The fibres were treated with Na(OH) aqueous solution
(5 mass%) for 24 h at two different temperatures: 25
and 60°C. Then they were washed with distilled water
until all the sodium hydroxide was eliminated, that is
until the pH was neutral. Subsequently, fibres were
dried at 60°C until constant mass was found.

Method Utilized equation References
da E
. In| &%) dn A4 +nin(1-a)— Za
Friedman ( dt) RT [18]
*dl()gﬁ =0.457 Ea
Flynn and 1 Ty
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AE, E,
Orawa logF () :log( j —logB—2315— 04567 (18, 20]
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1 A(0368) " 1 E
Inj " |-1|dn 2|2 +| Za +1|{InT
Van Krevelen { (l—aj } B( I ] E, . [RTm j [18,20]
RT

m

J. Therm. Anal. Cal.



JUTE/VINYLESTER COMPOSITES

Methods

Dynamic thermogravimetric measurements were per-
formed by using a Shimadzu TG-DTG instrument.
Temperature programs for dynamic tests were run from
25 to 1000°C at heating rates in the range of 5 to
15°C min"'. TG/DTG tests were carried out under nitro-
gen atmosphere (20 mL min ') in order to prevent any
thermoxidative degradation and specimens with more
than 16 mg were used for the measurements. Samples
with higher heating rates than 15°C min"' could not be
considered because at high heating rate voids were pro-
duced in the specimens and it was not possible to obtain
the same behaviour than for the other heating rates.

Determination of fibres composition

The major fibres constituents (o-cellulose, hemi-
cellulose and lignin) of the untreated and alkaline-
treated jute fibre samples were determined by chemical
analysis following standard procedures. The holo-
cellulose content of the jute fibre was determined by
the gradual removal of lignin, which was achieved by
treating dewaxed jute fibres with 0.7% sodium chlorite
at pH 4 at the boil for 2 h using a fibre to liquor ratio of
1:50. It was then treated with sodium bisulphite solu-
tion, followed by filtering, washing and drying at
100°C till constant mass was reached. a.-cellulose con-
tent was determined by treating holocellulose with
17.5% NaOH solution. Hemicellulose content was es-
timated from the difference between the holocellulose
and a-cellulose contents of the fibre. Solubilizing all
constituents other than lignin by the action of 72%
sulphuric acid did lignin determination. Powdered jute
sample was treated with 72% sulphuric acid solution at
2°C for 48 h, followed by dilution to 3% acid concen-
tration and boiled for 2 h under reflux. The insoluble
residue was filtered, washed and dried in an oven at
100°C until constant mass was achieved.

Results and discussion

TG and DTG curves obtained for untreated and alka-
line treated jute fibres at 10°C min ' are presented in
Fig. 1. Untreated jute fibres present two decomposi-
tion steps: first at 300°C corresponding to hemi-
cellulose and glucosidic unions de-polymerisation
and second one at 365°C corresponding to the thermal
destruction of the a-cellulose what shows consider-
able mass loss at this temperature. Lignin presents a
broad peak in all the range [5]. When fibres are alka-
line treated the first peak disappear and the second
one is shifted to lower temperatures. The absence of
the first decomposition peak may be due to the partial
remotion of hemicellulose and lignin, the decomposi-
tion of lignin and hemicellulose goes to higher tem-
perature and their peaks are inside the second one. Ta-
ble 2 shows the fibres constituent determination after
fibre treatment.

TG and DTG curves obtained for different studied
materials at 10°C min' are presented in Fig. 2.
Vinylester presents one decomposition peak with max-
imum at 436°C. Vinylester/jute fibres composite shows
two different steps: one at 368°C and the other one at
around 434°C. The first peak can be assigned to the de-
composition of fibres and the second one is related to
the decomposition of the vinylester matrix. Table 3
shows the values of heating rate and temperature at the
maximum decomposition rate, obtained for the matrix,
untreated and treated jute fibres and composites. The
shape of the mass loss curves is similar for all heating
rates analysed but the maximum degradation rate is
slightly shifted to higher values as the heating rate in-
creases. This effect can be attributed to heat transfer
problems between the temperature of the specimen and
the temperature measured for the instrument.

In all cases, is it possible to see that the thermal
stability of vinylester decreases by the presence of
jute fibre. The residual mass curves of composite ma-

100 = " N 5
. // . Treated at 60°C jute
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X
2
8 60
8 ©
= = Treated at 25°C jute
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G 40 - '~
~ Untreated jute b .
— Treated at 60°C jute
20 1 Treated at 25°C jute
Untreated jute
0 T T I B e . R —
0 200 400 600 800 1000 100 200 300 400 500 600
Temperature/°C Temperature/°C
Fig. 1 a— TG and b— DTG curves obtained for untreated and alkaline treated jute fibres at 10°C min '; — — untreated, --- — alka-

line treated at 25°C, --- — alkaline treated at 60°C
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Table 2 Untreated and alkaline treated jute fibres composition

Other components

Fibres a-cellulose/% Hemicellulose/% Lignin/% (ash, moisture, pectins)/%
Untreated 71.1 159 11.8 1.2
Treated 25°C 80.3 9.6 7.6 2.5
Treated 60°C 84.6 7.1 5.8 2.5

Table 3 Temperatures at the maximum decomposition rate for different fibre fractions obtained at different heating rates.

Heating rate/°C min™'

Peak Corresponding to
5 10 15
untreated™® fibre 350 356 357
alkaline treated fibre (25°C) 327 340 353
first/°C alkaline treated fibre (60°C) 328 344 358
untreated fibre in composite 327 352 355
alkaline treated fibre (25°C) in composite 327 350 353
alkaline treated fibre (60°C) in composite 329 349 358
VE matrix 428 436 456
second/°C VE matrix in composite with untreated fibre 406 425 437
VE matrix in composite with treated fibre (25°C) 409 434 443
VE matrix in composite with treated fibre (60°C) 411 433 440

*Untreated jute presented another peak at around 300°C due to hemicellulose and lignin compounds

100 -
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<
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3
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~
20 -
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T T T T
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Temperature/°C

Fig. 2 a— TG and b — DTG curves obtained for raw material at 10°C min~

terials are intermediate between that of the matrix and
fibres alone. Although the treatment of the fibres con-
ducted at a lower degradation temperature peak, the
first peak, at temperatures around 300°C, disappear
due to the decrease in the hemicellulose content. On
the other hand, the temperature of second peak
slightly increases with the fibre treatment.

Figure 3 shows that alkaline treated jute fibres at
room temperature exhibited the higher residual mass,
this result is very important for structural applications.

Kinetic parameters were predicted from the dy-
namic TG/DTG data. In this work, a general model
can be used for a general kinetic approach taking into
account each separate peak. These peaks were

a b
Composite

E Jute Fibres
]
Matrix
T T T
0 200 400 600 800
Temperature/°C
!, — — matrix, --- — untreated fibres, --- — composites

deconvoluted using a Lorentzian multi-peak curve, as
shown on Fig. 4 for vinylester/untreated jute fibres at
a heating rate of 10°C min "'

The differential method of Friedman allows us to
obtain the kinetic parameters as a function of conver-
sion from TG curves measured at different heating
rates. This is a very important method since it does not
make any assumptions about the reaction order. As can
be seen in Figs 5 and 6 in the first peak the activation
energy is almost constant with the conversion for the
treated fibres composites but increases with the con-
version for untreated fibres composite. This result indi-
cates that, in the last case, the degradation mechanism
changes throughout the whole process and the higher
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Fig. 3 TG curves obtained for composites with untreated and
alkaline treated jute fibres at 10°C min~'; — — un-
treated, --- — alkaline treated at 25°C, --- — alkaline
treated at 60°C
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Fig. 4 Deconvolution using a Lorentzian multi-peak curve for
jute/vinylester composites at a heating rate of 10°C min ';
— — experimental curve, -+ — Lorentzian multipeak fit
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activation energy could be put down to the presence of
the lignin in the untreated fibres. Ferdous et al. [21]
showed that for lignin the activation energy increases
with increase in temperature. When fibres are treated,
lignin is partially removed and this behaviour was not
observed. Also Kumar et al. [22] found that the aro-
matic rings of the lignin improve the thermal resistance
of jute fibres. In the second peak the activation energy
changes with conversion, but the changes are around
an average value without tendency.

Ozawa and Flynn and Wall are essentially the
same method. Both are simple methods to determine
activation energies from TG curves. [so-conversional
plots for different materials and activation energies
are shown in the Fig. 6. The tendencies observed ana-
lysing the data with Friedman method are also ob-
served in the case of Ozawa’s method.

Average values of activation energies of both
peaks obtained from Friedman and Ozawa methods are
shown on Table 4. In spite that the activation energy
changes with the conversion, especially for the un-
treated composites, the average values indicates the
comparative changes between the fibres decomposi-
tion (first peak), and the vinylester matrix decomposi-
tion (second peak).

Van Krevelen method was also applied to the dif-
ferent resin and untreated — treated jute fibres compos-
ites. The activation energies obtained by this method
for both peaks are resumed in the Table 5. Average en-
ergy values are in the same range than those obtained
by Friedman and Ozawa methods.

In order to obtain a more accurate model that
could fit the whole DTG curve, the expression (4) with
three fitting parameters and the Marquard method was
used. The peaks were fitted as indicate Eqs (5) and (6).
Figure 7 shows the result for DTG curve of one of the
composites and Table 6 summarises all the £°, m and n
values. This fitting method is important especially for
the untreated sample where the apparent activation en-
ergy depends on the conversion.

280 ® Matrix o b
O Untreated
260 A Alkaline-treated at 25°C o
] A Alkaline-treated at 60°C
T 240 o
) o o
(o]
i 220 - © .
B o
& 200 2
3] . . .
180 - N,
a A
160 f
: A A A
A
140 — T
00 01 02 03 04 05 06 07 08 09
(04

Fig. 5 Activation energy for different conversions obtained by Friedman’s method for jute/vinylester composites: a — first peak,

b — second peak
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Table 4 Average values of the apparent activation energy obtained from Friedman and Ozawa methods for the decomposition
process for both peaks: fibres and matrix

Material Peak Friedman average E,./kJ mol ™! Ozawa average E, /k] mol ™!
matrix second 189421 155436
untreated fibres composite glers:)n d gggiiz ;ggiig
alkaline treated 25°C composite glers;n d }?;ig }2gi?(6)
alkaline treated 60°C composite ?écs;[)n d }3?33 ]iziy

Table 5 Apparent activation energy values as a function of heating rate obtained from Van Krevelen method for the decompo-
sition process for the second peak

Apparent activation energy £,/kJ mol™'

Material Average E,./kJ mol™
5°C min" 10°C min"! 15°C min™'

matrix 139 137 147 141+24

untreated fibres composite 221 221 219 220+1

alkaline treated 25°C composite 153 152 151 152+10

alkaline treated 60°C composite 169 171 172 17142

Table 6 Decomposition kinetic parameters obtained by the Marquard fitting method

. First peak Second peak
Heat rate/°C min~ Material
k m n k m n
matrix - - - 7.99 3.13 3.09
5 untreated fibre composite 0.62 1.80 1.89 0.90 1.78 1.82
25°C treated fibre composite
60°C treated fibre composite 0.651 1.89 1.92 0.85 1.82 1.76
matrix - - - 5.14 243 2.31
10 untreated fibre composite 1.20 1.80 1.88 1.84 1.78 1.80
25°C treated fibre composite 1.12 1.97 2.06 1.76 1.80 1.84
60°C treated fibre composite 1.32 1.74 1.82 1.56 1.70 1.73
matrix - - - 4.80 2.02 1.81
15 untreated fibre composite 1.94 1.81 1.89 2.66 1.79 1.82
25°C treated fibre composite 2.0 1.80 1.89 2.70 1.80 1.82
60°C treated fibre composite 1.92 1.80 1.89 2.44 1.83 1.86
4501 e Untreated a 260 o b
o Alkaline-treated at 25°C ° °
400{ & Alkaline-treated at 60°C ° 240 o o °
350 4 220 o
— ° — ] o *
= 300/ . 200 o
£ . E 180 . &
250 - 2 .
% . Swl towor gt
o200 =0 2 4 a1t
150 { 2 A a 9 120 - . ® Matrix
4 o I} a O Untreated
100 - o ° o 100 A 4 Alkaline-treated at 25°C
° ° & Alkaline-treated at 60°C
50 T T T T T T T T 80 - T T T T T T T T
00 01 02 03 04 05 06 07 08 09 00 01 02 03 04 05 06 07 08 O
o o

Fig. 6 Activation energy for different conversions obtained by Friedman’s method for jute/vinylester composites: a — first peak,
b — second peak
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Fig. 7 Marquard fitting of the DTG curve (5°C min™") for the
60°C treated fibre composite. ® — experimental data;
--- — fitting curve

Conclusions

The composition of the jute after alkaline treatments
was quantified. The alkaline treatment on the jute
fibres produces the extraction of hemicellulose and
lignin compound.

Two different peaks were detected by the thermal
gravimetric analysis for the jute fibres. The second and
main peak at higher temperature (~350°C) was attrib-
uted to cellulose and some lignin compound. The first
peak at low temperature (~300°C) decreases as the
hemicellulose and lignin were extracted and the second
peak shifted to lower temperature.

Two main different peaks were obtained in the
thermal decomposition of composites based on jute
and vinylester cured resin. The first peak (~327°C) was
attributed to the jute fibres and the second peak to the
vinylester matrix (~408°C). As a consequence, the ki-
netic parameters of the decomposition process in
non-isothermal measurements could be determined. By
using different models to fit the differential decompo-
sition curves, it was possible to find that the activation
energy depends on the conversion for untreated fibre
based composites, and therefore the mechanism of de-
composition depends on the degradation temperature.
The activation energy of the decomposition of the ma-
trix in the composite is higher when the jute fibres are
untreated. The reaction is faster in the second stage,
corresponding to vinylester matrix.

The first peak of the composite decomposition
shifted to low temperatures, and as a consequence, the
thermal stability of vinylester decreases by the presence
of jute fibre. However, the alkaline treatment of the jute
fibre produces a slight decrease in the thermal stability
of the composite due to the removal of the lignin.

J. Therm. Anal. Cal.

Acknowledgements

The authors acknowledge to the National Council of Argen-
tina (CONICET) for the financial support, as well as the PICT
12-15074 from SECYT.

References

1 J. Gassan and A. Bledzki, Compos. Sci. Technol.,
59 (1999) 1303.

2 J. Gassan and A. Bledzki, J. Appl. Polym. Sci.,

71 (1999) 623.

3 A. Mohanty, A. Mubarak and G. Hinrichsen,
Compos. Sci. Technol., 60 (2000) 1115.

4 D. Ray, B. Sarkar and N. Bose, Composites Part A,
33 (2002) 233.

5 D. Ray, B. K. Sarkar, A. K. Rana and N. R. Bose,
Composite Part A, 32 (2001) 119.

6 D. Plackett and A. Vazquez, Green Composites: polymer
composites and the environment, Woodhead Publishers,
Cambridge 2004, p. 123.

7 V.A. Alvarez, R. A. Ruseckaite and A. Vazquez,

J. Compos. Mater., 37 (2003) 1575.

8 M. Wollerdorfer and H. Bader, Industrial Crops and Products,
8 (1998) 105.

9 C. Albano, J. Gonzalez, M. Ichazo and D. Kaiseer,
Polym. Degrad. Stab., 66 (1999) 170.

10 V. A. Alvarez and A. Vazquez, Polym. Degrad. Stab.,
84 (2004) 13.

11 A. M. A. Nada and M. L. Hassan, Polym. Degrad. Stab.,
67 (2000) 111.

12 S. Sapieha, J. Pupo and H. P. Schereiber,
J. Appl. Polym. Sci., 37 (1998) 233.

13 P. Yang and S. Kokot, J. Appl. Polym. Sci., 60 (1996) 1137.

14 W. W. Sutkowski, A. Danch, M. Moczynski, A. Radon,
A. Su kowska and J. Borek, J. Therm. Anal. Cal.,
78 (2004) 905.

15 P. Budrugeac and E. Segal, J. Therm. Anal. Cal.,
published online, 14 of July 2005,
DOI: 10.1007/s10973-005-6831-4

16 H. E. Kissinger, Anal. Chem., 29 (1957) 1702.

17 J. Yang, R. Miranda and C. Roy, Polym. Degrad. Stab.,
73 (2001) 455.

18 W.F. Lee, J. Appl. Polym. Sci., 37 (1989) 3263.

19 J. H. Flynn and L. A. Wall, J. Polym. Sci., Polymer Letter,
4 (1966) 323.

20 A.Jimenez, J. L. Berenguer and A. Sanchez,
J. Appl. Polym. Sci., 50 (1993) 1565.

21 D. Ferdous, A. K. Dalai, S. K. Bej and R. W. Thring,
Energy Fuels, 16 (2002) 1405.

22 A.P.Kumar, R. P. Singh and B. D. Sarwade,
Mater. Chem. Phys., in press.

Received: May 9, 2005
In revised form: August 11, 2005

DOI: 10.1007/s10973-005-7102-0




<<
  /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 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 2.03333
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


