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Abstract The effect of glass particle size on the crys-

tallization kinetics of an iron-rich glass from a nickel

leaching waste has been investigated by means of differ-

ential thermal analysis (DTA). The results show that the

crystallization of a pyroxene phase occurs by bulk nucle-

ation from a constant number of nuclei. The crystallization

mode and the dimensionality of crystals are strongly

dependent on the glass particle size, 100 lm being the

critical size. Glass fractions with particle size [100 lm

show three-dimensional crystal growth controlled by dif-

fusion, whereas a particle size \100 lm leads to an

interface reaction mechanism with two-dimensional growth

of crystals.

Introduction

The term vitrification is commonly used to mean the

process of converting a material into a glass-like amor-

phous solid, which is free from any crystalline structure.

Glass-ceramics are ceramic materials formed through

the controlled nucleation and crystallization of glass.

Glass-ceramics were developed in the 1950s and find a

wide variety of applications in different technological

fields [1–5]. The earliest glass-ceramics were produced by

a conventional glass route and subsequently crystallized,

usually by heat treatment in two stages to give nucleation

followed by crystal growth. In recent years, the sintering

method has proven as a technically available route for

glass-ceramics manufacture. This process usually involves

milling a glass frit into fine particles, which are then shaped

by conventional forming techniques and subsequently heat

treated to provide sintering and crystallization of glass

particles. Sintering process is normally used when the

parent glass shows a strong tendency for surface crystal-

lization or complex shapes are required.

Because glass and glass-ceramics are known to have

many commercial applications, the transformation of wastes

into glass or glass-ceramics provides the opportunity for

making useful, marketable products out of wastes. Vitrifi-

cation as a method of waste disposal was first applied in the

1970s to the immobilization of liquid high-level radioactive

waste (HLW) [6, 7]. Since then, there has been a consider-

able research in this field, which concludes that vitrification

process leads to a stable glass that is far superior in terms of

durability, strength, and leach resistance compared to other

waste stabilization technologies [8–12].

Glass ceramic method has also been used for the dis-

posal of a wide diversity of non-nuclear inorganic wastes

originating in both industrial and mining processes [13]. In

this case, wastes are transformed into valuable products for

subsequent use as ceramic floor tiles, abrasives or concrete

additives. Among industrial wastes, special attention is

paid to those with high iron oxide content, which leads to

glass-ceramic materials characterized by high mechanical

strength and good chemical stability. In last few years,

iron-rich glass-ceramics have been obtained from zinc

hydrometallurgy wastes [14–16], electric arc furnace dusts
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(EAFD) from the steel production [17–19], copper flotation

wastes [20] and coal ashes [21].

Usually, inorganic wastes must be combined with glass-

forming raw materials by heating a melt that then solidifies

during cooling and gives rise to a glass. On occasions,

batch compositions containing wastes lead to melts with a

high tendency to crystallize during cooling, and the vitre-

ous state can only be achieved through fast cooling by

pouring the melt on water to obtain a frit. In these cases,

glass-ceramics can be only prepared by sintering route, and

the particle size of glass grains will play an important role

in the crystallization process.

The aim of the present work is to determine the effect of

glass particle size on the crystallization kinetics of an iron-

rich glass produced by the melting of a nickel leaching

residue (NLR) from hydrometallurgical nickel production.

Materials and methods

Raw materials used in the present investigation were a nickel

leaching residue (NLR), glass cullet and dolomite. NLR is a

waste coming from nickel production from Albanian laterite

ore in a hydrometallurgical plant in Sereď (Slovakia). The

annual production was around 3 9 105 tons, and since the

end of production in 1993, close to 5.5 9 106 tons of waste

remain at the dump. Even though the NLR contains more than

60 wt.% of iron in oxide form, it is not suitable as feed for

steelmaking industry because of its high content of chro-

mium. Table 1 shows the chemical composition of raw

materials as determined by atomic absorption spectroscopy

(AAS). Iron oxide is the main component in NLR, which also

shows a low content of both glass-forming (SiO2) and stabi-

lizing oxides (alkaline earth oxides). For this reason, glass

cullet and dolomite have been used in the formulation of NLR

glass, which was prepared by mixing 30% NLR, 60% glass

cullet and 10% dolomite. Homogenized batches were placed

in alumina-silica crucibles and heated at 15 �C/min in a high-

temperature electric furnace up to 1450 �C. After a holding

time of 30 min, the melt was quenched by pouring into water.

To investigate the effect of particle size on crystalliza-

tion kinetics of NLR glass, the frit was separated by sieving

in six fractions with different particle size ranges as shown

in Table 2.

The vitreous or crystalline state of NRL glass before and

after thermal treatment was established by X-ray diffrac-

tometry. Samples were crushed to fine powder in an agate

mortar, passed through a 300-mesh sieve and then scanned

with CuKa radiation from 3� B 2h B 60� at a scanning

speed of 0.5�/min, using a Philips X‘PERT MPD diffrac-

tometer operating at 30 mA and 50 kV.

Differential thermal analysis (DTA/TG) was performed

on NLR glass fractions in a SETARAM Labsys Thermal

Analyser. The samples were heated from room temperature

to 1250 �C at heating rates of 5, 10, 15, 25, 40 and 50 �C/min.

The DTA scans were conducted in flowing air using platinum

crucibles with calcined Al2O3 as reference material. All the

DTA curves were normalized with respect to the sample

weight.

The analysis of crystallization kinetics has been accom-

plished from DTA curves on the basis of the Johnson-Mehl-

Avrami (JMA) theory, which describes the evolution of the

crystallization fraction, x, with time, t, during a phase

transformation under an isothermal condition.

x ¼ 1� exp �ðktÞn½ � ð1Þ

where x is the volume fraction crystallized after time t, n

the Avrami exponent and k the reaction rate constant,

whose temperature dependence is generally expressed by

the Arrhenian-type equation:

k ¼ k0 exp �E=RTð Þ ð2Þ

where k0 is the frequency factor, E is the apparent activa-

tion energy, R is the ideal gas constant and T is the

isothermal temperature in Kelvin.

The crystallization rate can be expressed by:

dx

dt
¼ kf ðxÞ ¼ k0 exp � E

RT

� �
f ðxÞ ð3Þ

and taking logarithms,

Table 1 Chemical analysis (wt.%) of raw materials determined by

AAS

Oxide NLR Glass cullet Dolomite

SiO2 15.03 72.4 0.59

Al2O3 4.80 1.7 0.34

CaO 3.54 9.6 29.61

MgO 2.21 1.7 22.47

Fe2O3 38.57 0.05 0.29

FeO 22.64 – –

Na2O – 13.8 0.04

K2O – 0.6 0.11

Cr2O3 1.06 – –

NiO 0.17 – –

LOI 11.98 – 46.35

Table 2 Particle size ranges separated by sieving from NLR frit

Fraction Particle size range (lm)

f1 400–500

f2 250–400

f3 100–250

f4 80–100

f5 63–80

f6 \63
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ln
dx

dt

� �
¼ ln k0f ðxÞ½ � � E

RT
ð4Þ

These equations have been derived for isothermal

crystallization process, but they can be applied with

certain restrictions to non-isothermal experiments with

satisfactory results [22].

During a phase transformation under an isothermal

condition the crystallization fraction, x, at a temperature

T differs at different heating rates and, hence, the curves

of dx/dt versus temperature are also different. In this

case, the crystallization kinetic can be studied by the

mathematical method proposed by Ligero et al. [23],

which has been effectively applied for interpreting DTA

results from different materials [24–26]. If we select the

same value of x in every experiment at different heating

rates, there should be a linear relationship between the

corresponding dx/dt and 1/T, whose slope gives the

activation energy, E. Then, it is possible to calculate,

through Eq. 4, the value of ln[k0 f(x)] for each crystal-

lized fraction at each heating rate. From the plot of

ln[k0 f(x)] versus x, we can select many pairs of x1 and x2

that satisfied the condition

ln k0f ðx1Þ½ � ¼ ln k0f ðx2Þ½ � ð5Þ

and therefore,

ln 1� x1ð Þ þ n� 1

n
ln � ln 1� x1ð Þ½ �

¼ ln 1� x2ð Þ þ n� 1

n
ln � ln 1� x2ð Þ½ � ð6Þ

and the Avrami parameter, n, can be calculated by,

n ¼ ln ln 1� x2ð Þ= ln 1� x1ð Þ½ �= ln
1� x2ð Þ ln 1� x2ð Þ
1� x1ð Þ ln 1� x1ð Þ

� �

ð7Þ

Once the Avrami parameter is determined, the

frequency factor, k0, can also be calculated by equation:

ln k0f ðxÞ½ � ¼ ln k0 þ ln nþ lnð1� xÞ

þ n� 1

n
ln � lnð1� xÞ½ � ð8Þ

The Avrami parameter, n, indicates the crystallization

mode. Another useful parameter is the numerical factor, m,

which depends on the dimensionality of crystal growth and

is derived from the Matusita and Sakka equation for non-

isothermal DTA experiments [27–29]:

ln
/n

T2
p

 !
¼ � mE

RTp
þ const ð9Þ

where / is the heating rate and Tp is the temperature at the

maximum of crystallization peak.

Results and discussion

The glassy nature of the as-quenched frit is established by

XRD in Fig. 1, which depicts the typical amorphous halo

characteristic of glassy materials. Table 3 shows the

chemical analysis of NLR glass by XRF, SiO2, Fe2O3 and

CaO being the major components. Compared to other sil-

icate glasses, NLR glass is distinguished by a high iron

oxide content, which will confer a high crystallization

tendency to the glass. In fact, this composition can be only

achieved in a glassy state by means of fast cooling by

pouring the melt on water.

Figure 2 shows representative DTA curve recorded on

80–100 lm fraction during heating from room temperature

to 1250 �C at a heating rate of 25 �C min-1. The glass

shows the glass transition, Tg, at 610 �C followed by the

only exothermic crystallization peak, Tp, in the 755–

783 �C range. Finally, an endothermic reaction at 1035 �C

indicates formation of a liquid phase. The exothermic peak

is due to the crystallization of a pyroxene phase from the

diopside-hedenbergite group, which forms a completed

solid-solution series between CaMgSi2O6 (diopside) and

CaFeSi2O6 (hedenbergite) [30], as has been identified by

XRD analysis on NLR glass sintered at 750 �C for 30 min

(Fig. 1). Pyroxene-type phases are typical phases precipi-

tated in glass-ceramics from iron-rich wastes, in which

crystallization occurs through liquid–liquid immiscibility,

where one of the liquid phases is richer in iron and

60
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isnetni
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as-quenched

heat treated at 750ºC for 30 min

D

0 10 20 30 40 50

Fig. 1 XRD patterns of NLR glass frit as-quenched and after heat

treatment at 750 �C during 30 min (d = pyroxene phase from the

diopside-hedenbergite series)

Table 3 Chemical analysis (wt.%) of NLR glass as determined

by XRF

SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O TiO2 Cr2O3

48.07 3.59 22.34 11.79 4.62 7.77 0.66 0.09 1.06
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promotes a spontaneous formation of the magnetite spinels

nano-crystals, which act as nuclei for the formation of the

main pyroxene phase [31, 32].

Figure 3 depicts the DTA curves recorded on different

particle size fractions of NLR glass at a heating rate of

25 �C. The temperature of the maximum of the exothermic

peak, Tp, shifts to a higher temperature as the particle size

decreases from 500 to\63 lm. In addition, the height and

the width of crystallization peak are also changing. Thus,

Fig. 3 indicates that the crystallization kinetics of NLR

glass will be highly subject to the glass particle size.

As is usual in glasses, if we consider a specific particle

size fraction, the temperature of the maximum of the

exothermic peak, Tc, shifts to higher temperatures as the

heating rate increases. For instance, Fig. 4 depicts the DTA

curves recorded on the 80–100 lm fraction at different

heating rates. From each of those curves, the crystallization

fraction, x, can be determined by the ratio:

x ¼ AT

A
;

where AT is the area of the exothermic peak in the DTA

curve at temperature T, and A is the total area under the

peak.

Figure 5 represents the variations of x with temperature

for the 80–100 lm fraction under different heating rates.

As presumed from the different sizes of curves in Fig. 4,

the crystallization fraction at a fixed temperature varies

with heating rates and, consequently, the representations of

dx/dt versus time are also different as shown in Fig. 6,

which depicts the growth rate of pyroxene phase with time

for different heating rates. As expected, the rate of crys-

tallization increases with the heating rate.

Figure 7 depicts the plot of ln(dx/dt) versus 1/T at the

same value of crystallized fraction from the experiment

carried out on f4 fraction (80–100 lm) at different heating

rates. Analogous curves are obtained for the different

particle size fractions. For each fraction, it is possible to

select a crystallized fraction range for which ln(dx/dt) fits a

straight line with the absolute temperature inverse. The

activation energy, E, can be then determined from the slope

of those lines. The values of E calculated the different

crystallized fractions and the average values for the dif-

ferent particle size fractions are listed in Table 4. For
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Fig. 2 DTA curve from f4 fraction (80–100 lm) heated at 25 �C min-1
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Fig. 3 DTA curves for different particle size fractions of NLR glass

at a heating rate of 25 �C
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calculations, only values of crystallized fraction that lead to

highly reliable fitting (coefficient of determination,

r [ 0.99) have been taken into account. The average acti-

vation energy of pyroxene-phase devitrification for the

different particle size fractions is shown in Fig. 8. It can be

seen that the fractions can be sorted out in two groups with

100 lm as the critical particle size. This result indicates

that the crystallization in NLR glass occurs by different

mechanisms depending on the glass particle size. This fact

will be explained afterwards.

The value of ln[k0 f(x)] for the different particle size

fractions can be calculated once their activation energy is

known and the Avrami parameter, n, is determined by

selecting several pairs of x1 and x2 that satisfy the condition

ln[k0 f(x1)] = ln[k0 f(x2)]. Figure 9 shows the plot of
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Fig. 6 Growth rate of pyroxene phase with time for f4 fraction (80–

100 lm) at different heating rates
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Fig. 7 Plot of ln(dx/dt) versus 1/T at the same value of crystallized

fraction from the experiment carried out on f4 fraction (80–100 lm)

at different heating rates

Table 4 Values of E calculated for the different particle size

fractions

Particle

size

Crystallized

fraction

r Ex

(kJ mol-1)

E
(kJ mol-1)

\63 lm x = 0.12 0.989 – 386

x = 0.13 0.992 366

x = 0.15 0.995 368

x = 0.20 0.997 377

x = 0.30 0.997 393

x = 0.40 0.993 407

x = 0.41 0.991 405

x = 0.42 0.988 –

63–80 lm x = 0.10 0.986 – 365

x = 0.11 0.996 363

x = 0.12 0.993 357

x = 0.15 0.992 366

x = 0.17 0.991 370

x = 0.18 0.992 368

x = 0.19 0.987 –

80–100 lm x = 0.10 0.991 325 351

x = 0.12 0.996 333

x = 0.15 0.999 343

x = 0.20 0.997 352

x = 0.30 0.995 372

x = 0.40 0.996 384

x = 0.45 0.991 374

x = 0.46 0.898 –

100–250 lm x = 0.10 0.999 422 423

x = 0.20 0.998 417

x = 0.30 0.998 420

x = 0.40 0.997 429

x = 0.50 0.996 428

x = 0.60 0.994 422

x = 0.63 0.898 –

250–400 lm x = 0.10 0.996 356 370

x = 0.15 0.996 352

x = 0.20 0.994 358

x = 0.25 0.994 372

x = 0.30 0.994 389

x = 0.32 0.992 395

x = 0.33 0.989 –

400–500 lm x = 0.10 0.995 353 349

x = 0.11 0.996 342

x = 0.13 0.992 344

x = 0.15 0.991 349

x = 0.17 0.991 351

x = 0.18 0.991 354

x = 0.19 0.987 –
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ln[k0 f(x)] versus crystallization fraction for 80–100 lm

fraction heated at 25 �C min-1. Similar curves are

obtained for the different heating rates and particle size

fractions. Table 5 shows the calculated values at different

heating rates and the average values of Avrami parameter,

n, and the frequency factor, k0. It can be seen that there is a

strong increase in the magnitude of k0 from 80–100 lm

fraction (k0 = 3.72 9 1015 s-1) to 100–250 lm fraction

(k0 = 1.4 9 1019 s-1). As the frequency factor is related to

the vibration frequency of atoms in the crystal-liquid

interface [33], the observed change indicates a strong vis-

cosity variation just around the critical particle size

(100 lm).

Figure 10 shows the fitting of Matusita Eq. 9 for the

different particle size fractions. Once the values of n and E

are known, the slope of the lines yields the m factor.

Figure 11 depicts the location of f1–f6 fractions regard-

ing their values of n and m compared to different

crystallization mechanisms according to Matusita et al.

[34]. All fractions are located on the region of bulk nucle-

ation mechanism with constant number of nuclei. However,

it can be seen that in agreement with Fig. 8, the fractions

are arranged in two groups. Both the parameters n and m

are both close to 1.5 in fractions with particle size[100 lm,

which is an indication, according to Matusita, of a diffu-

sion-controlled mechanism with three-dimensional growth

of pyroxene crystals with polyhedron-like morphology. As

for finer fractions with particle size \100 lm, n and m

parameters are shifted to values close to 2, which indicates

an interface reaction mechanism with two-dimensional

growth of pyroxene crystals with plates-like morphology.

The values of n for f1–f6 fractions are in the 1.40–1.65

interval, which is in agreement with values of n in the 1.2–

1.8 interval previously reported for iron-rich glasses [16, 21,

32]. As for m parameter, there is a lack in the literature of

the determination of such parameter and, hence it was not

possible to evaluate against similar glasses.
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Fig. 9 Plot of ln[k0 f(x)] versus crystallization fraction for 80–

100 lm fraction heated at 25 �C min-1

Table 5 Values of n calculated for the different particle size

fractions

Particle

size

(lm)

Heating

rate

(�C min-1)

n/ n k0,/ (s-1) k0 (s-1)

\63 5 1.75 1.65 ± 0.06 1.34 9 1017 1.29 9 1017

10 1.63 1.39 9 1017

15 1.57 1.17 9 1017

25 1.63 1.69 9 1017

40 1.67 8.64 9 1016

63–80 5 1.65 1.56 ± 0.05 1.09 9 1016 9.79 9 1015

10 1.56 9.40 9 1015

15 1.53 8.99 9 1015

25 1.56 1.04 9 1016

40 1.53 9.25 9 1015

80–100 5 1.68 1.57 ± 0.08 4.31 9 1015 3.72 9 1015

10 1.65 3.59 9 1015

15 1.53 3.49 9 1015

25 1.50 3.73 9 1015

40 1.49 3.49 9 1015

100–250 5 1.47 1.40 ± 0.05 1.55 9 1019 1.40 9 1019

10 1.44 1.52 9 1019

15 1.42 1.43 9 1019

25 1.34 1.26 9 1019

40 1.36 1.23 9 1019

250–400 5 1.46 1.45 ± 0.05 4.84 9 1016 5.21 9 1016

10 1.49 5.78 9 1016

15 1.50 6.65 9 1016

25 1.43 4.92 9 1016

40 1.38 3.87 9 1016

400–500 5 1.60 1.49 ± 0.08 5.32 9 1015 5.45 9 1015

10 1.40 7.80 9 1015

15 1.43 5.25 9 1015

25 1.45 4.98 9 1015

40 1.47 3.90 9 1015
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Conclusions

The effect of particle size on crystallization kinetics and

growth mechanism of an iron-rich glass produced by

melting a waste coming from nickel hydrometallurgical

production have been investigated by DTA method on a

glass prepared by mixing 30% waste, 60% glass cullet and

10% dolomite. From the experimental results the following

conclusions can be drawn:

– The temperature of the maximum of the exothermic

peak shifts to higher temperatures as the particle size

decreases from 500 to \63 lm.

– The average activation energy, E, of pyroxene-phase

devitrification for the different particle size fractions is in

the 349–423 kJ mol-1 interval. The arrangement of E

with particle size indicates that crystallization in the glass

occurs by different mechanisms depending on the glass

particle size, 100 lm being the critical particle size.

– The values of the calculated growth morphology

parameters, n and m, indicate that bulk nucleation

from a constant number of nuclei is the dominant

mechanism for pyroxene crystallization.

– Glass fractions with particle size[100 lm show values

of n and m parameters close to 1.5, indicating a three-

dimensional growth of crystals with polyhedron-like

morphology.

– Glass fractions with particle size\100 lm show values

of n and m parameters near 2, indicating an interface

reaction mechanism with two-dimensional growth of

crystals with plates-like morphology.

– The values of the frequency factor, k0, are in the

3.72 9 1015–1.40 9 1019 s-1range and show a strong

change around the critical particle size.
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J Mater Sci 26:211. doi:10.1007/BF00576054

9.20E-4 9.45E-4 9.70E-4 9.95E-4 1.02E-3

-12.0
-11.5
-11.0
-10.5
-10.0

-9.5
-9.0
-8.5
-8.0
-7.5
-7.0

nl
(φ

n
T/

p2 )

1/Tp (K-1)

<63µm y = -78586x+65.61   r=0.995
63-80µm    y = -78671x+65.56  r=0.995
80-100µm y = -78586x+67.07  r=0.995
100-250µm     y = -81403x+69.01  r=0.994
250-400µm    y = -72764x+61.53   r=0.999
400-500µm    y = -70374x+59.50   r=0.992

Fig. 10 Fitting of Matusita equation for the different particle size

fractions

2

1.5

1 1.5 2 2.5

m

n

bu
lk

nu
cl

ea
tio

n
w

ith

va
ry

in
g

nu
m

be
r o

f n
uc

le
i

bu
lk

nu
cl

ea
tio

n
w

ith

co
ns

ta
nt

nu
m

be
r o

f n
uc

le
i

Interface reaction

Diffusion

f5

f4

f6

f1 f2 f3

f6 = <63µm
f5 = 63-80µm
f4 = 80-100µm
f3 = 100-250µm
f2 = 250-400µm
f1 = 400-500µm

Fig. 11 Plot of n and m parameters for f1–f6 fractions comparing to

different crystallization mechanisms according to Matusita et al. [34]

J Mater Sci (2008) 43:4135–4142 4141

123

http://dx.doi.org/10.1023/A:1018646507438
http://dx.doi.org/10.1007/s10853-006-6554-3
http://dx.doi.org/10.1007/BF00576054


24. Campos AL, Silva NT, Melo FCL, Oliveira MAS, Thim GP

(2002) J Non-Cryst Solids 304:9

25. Wei P, Rongti L (1999) Mater Sci Eng A 271:298

26. Romero M, Martı́n-Márquez J, Rincón JMA (2006) J Eur Ceram

Soc 26:1647

27. Matusita K, Sakka S, Matsui Y (1975) J Mater Sci 10:961. doi:

10.1007/BF00823212

28. Matusita K, Sakka S (1979) Phys Chem Glasses 20:81

29. Matusita K, Sakka S (1980) J Non-Cryst Solids 38–39:741

30. Deer WA, Howie RA, Zussman J (1992) In: The rock-forming

minerals. Pearson Education Limited, Essex, p 170

31. Romero M, Rincon JMA (1998) J Eur Ceram Soc 18:153

32. Karamanov A, Pelino M (2001) J Non-Cryst Solids 281:139

33. Rincón JMA (1992) Polym Plast Technol Eng 31:309

34. Matusita K, Miura K, Komatsu T (1985) Thermochim Acta

88:283

4142 J Mater Sci (2008) 43:4135–4142

123

http://dx.doi.org/10.1007/BF00823212

	Effect of particle size on kinetics crystallization of an iron-rich glass
	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Conclusions
	Acknowledgement
	References



<<
  /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
  /SyntheticBoldness 1.00
  /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

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


