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Abstract In this article regularities of length changes of

polyacrylonitrile (PAN) fiber, as well as its structure

transformation into the structure of thermally stabilized

fiber, have been studied in detail. The fiber has been

manufactured with the use of dimethyl sulfoxide (PAN1)

and dimethyl formamide (PAN2), with methylacrilate

content of 5% (mass). Thermal stabilization has been car-

ried out under isothermal conditions at 245, 255 and 265,

275, 285 and 290 �C in atmospheric air at constant load of

0.6 g/tex. By X-ray structural analysis it has been shown

that the structure of PAN fiber crystal component is

depicted by two kinds of coherent-scattering regions

(CSR), differing in the average size by an order of mag-

nitude. Phase transition of PAN into the new highly dis-

persed phase is accompanied by dispersion of PAN larger

CSR. Qualitative and quantitative regularities of fine struc-

ture evolution have been determined at thermal treatment

in the indicated temperature range. It has been shown that

the transition of PAN1 fiber into the new two-phase state

during thermal stabilization progressed more actively than

the same process in PAN2, by *25%. Increase of thermal

treatment temperature leads to significant acceleration of

PAN crystal phase dispersion and formation on the new

highly dispersed phase. At that instance, average sizes of

CSR of highly dispersed components of thermally stabi-

lized fiber equal *1 nm at the end of the process, when

aromatization index of the material amounts to 51–58%.

Introduction

Carbon fibers manufactured on the polyacrylonitrile (PAN)

basis are among the principal kinds of reinforcing elements

used for creation of composite materials with high elastic

strength characteristics [1–4]. The transformation process of

PAN fiber structure into the structure of high-strength or

high-modular carbon fiber is multistage. According to [2, 4]

it is usually carried out in three steps: through oxidation

thermal stabilization, high-temperature (\1,600 �C) car-

bonization, and additional high-temperature ([2,000 �C)

processing [5], with resulting high-modular fiber production.

Oxidation thermal stabilization of PAN fiber is one of

the most important steps in structure formation of high-

quality carbon fibers. The process is accompanied by

chemical reactions of cyclization, dehydrogenation, aro-

matization, and oxidation, and degree of crystallinity and

aromatization index of the material are changed [6–12]. In

response to this interaction in the body of precursor PAN

fiber at the temperature 200–300 �C, a new nanostructure

of thermally stabilized fiber is formed.

A reasonably large number of published studies have

been devoted to study of chemical transformation pecu-

liarities of the material at the thermal stabilization stage,

for example [4, 6, 10–19]. It has been shown that thermal

stabilization conditions (temperature, gaseous medium,

pulling load) have considerable effect on the properties of

the resulting carbon fiber [12–15]. At such low-temperature
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processing, formation of a new nanostructure evolves

within the original solid phase, accompanied by volumetric

change. The process is controlled not only by the chemical

stage, but also by mass transfer, formation of thermody-

namically stable clusters of the new phase. Hence, one

would expect appearance of intermediate states in the

system under study, which can influence formation of the

carbon fiber structure during high-temperature processing.

Regularities of PAN structure transformation into

thermally stabilized fiber structure have been studied by

diffraction methods [3, 6–10, 18, 19]. It has been demon-

strated that in the process of thermal treatment the intensity

of 010 maximum, peculiar to PAN structure, increases,

while its width decreases, which points at increase of

coherent-scattering regions (CSR) sizes. If thermal stabil-

ization duration increases, then gradual decreasing of

maximum intensity begins to the point of its complete

disappearance, at that instance aromatization increases.

Besides, displacement of center of gravity of the maximum

has been observed, in lesser angles direction. Additional

important data about PAN structure parameters at various

stages of transition into thermally stabilized fiber structure

can be secured by way of diffraction maximum profile

analysis, which carries information about material fine

structure.

In this article X-ray structure analysis method has been

used for detailed investigation of the peculiarities of PAN

fiber crystal structure transformation into the structure of

thermally stabilized fiber, for the fiber manufactured with

the use of dimethyl sulfoxide (PAN1) and dimethyl form-

amide (PAN2), during the process of isothermal treatment

in atmospheric air at temperatures 245–290 �C.

Experimental

Materials

The investigation has been carried out for PAN fibers (with

methylacrilate content of 5%), manufactured with the use

of dimethyl sulfoxide (PAN1) and dimethyl formamide

(PAN2).

Measurements

Thermal stabilization has been carried out under isothermal

conditions at 245, 255 and 265, 275, 285 and 290 �C

(complex fiber was moved into preheated oven within 2 s)

in atmospheric air at constant load of 0.6 g/tex. Accuracy

of temperature level maintenance comprises 1 degree.

During the thermal treatment process the length changes of

the complex fiber (‘/‘0) have been controlled (where ‘0, ‘

are the initial and current values of fiber length).

X-ray structure analysis has been carried out with the

use of D8 ADVANCE Bruker diffractometer (filtered

CuKa radiation). CSR average sizes (L) and interplanar

spacing (d) of crystallized PAN have been determined

according to standard techniques. Degree of crystallinity

C = Cr/(Cr ? A) has been calculated on the basis of the

fiber amorphous crystalline structure (where Cr and A are

the areas of diffraction maximums of crystalline and

amorphous phases, respectively) [13]. Aromatization index

of thermally stabilized fibers has been determined accord-

ing to the formula: AI = Ia/(Ia ? Ic), where Ia, Ic are

maximum intensities of the newly formed aromatic struc-

ture and original crystalline PAN (20–25.5o and *17o,

respectively) [14]. In order to determine bulk density of

fiber, c, toluene–dichloroethane gradient column has been

used.

Results and discussion

At the initial stage of PAN1 fibers thermal stabilization

(degree of crystallinity C = 75.2%, bulk density c =

1.175 g/cm3) at the temperature 245 �C reasonably active

increase of its length up to 2% is observed. However, the

structural chemical transformations of PAN cause slowing-

down of this process and shrinkage of length afterward

(Fig. 1). Bulk density of the fiber achieves the value of

1.466 g/cm3 during thermal stabilization process in

300 min. At that instance, aromatization index (AI) of the

material is equal to 52.5% (Table 1), while decrease of

length equals *12%.

Increase of PAN1 fiber isothermal treatment temperature

to 255 �C somewhat accelerates the change of ‘/‘0 ratio, at

that instance shrinkage value for 6 h after treatment stays

within 12%. However, with such shrinkage the AI value

increases to 58.2%.

Fig. 1 Complex PAN fiber length (‘/‘0) and bulk density (c, g/cm3)

changes as the function of isothermal treatment duration in atmo-

spheric air at 245 ± 1 �C. Density of precursor PAN1 and PAN2 fiber

is 1.175 and 1.182 g/cm3, respectively
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Significant (up to *4.5%) increasing of drawing-out at

the initial stage of thermal stabilization and decreasing of

shrinkage value of complex fiber during isothermal treat-

ment can be observed at 275 �C (Fig. 2a). At higher tem-

peratures (285 and 290 �C) drawing-out at the initial stage

of treatment increases steeply, achieves 9 and 13%,

respectively, and is not compensated by the following

shrinkage of the fiber, taking place at thermal treatment

during 1 h. Aromatization indices of the materials manu-

factured at these temperature conditions for fibers equal

51.3 and 53.9%.

Degree of crystallinity and bulk density of the precursor

PAN2 fiber are higher: 78.6% and 1.185 g/cm3. Kinetics of

‘/‘0 and c changes for such fiber at 245 �C is different from

the one described above (Fig. 1), the rate is significantly

slower. In this case bulk density c achieves the value of

1.466 g/cm3 in 450 min, while length decrease measures

*11%. After thermal treatment during 8 h the value

of ‘/‘0 is *12%, at that instance AI = 53.9% and c =

1.475 g/cm3.

During thermal treatment at temperatures 255 �C (6 h)

and 265 �C (4 h) fiber shrinkage achieves *12% (Fig. 2b),

at that instance AI values equal 53.4 and 54.5%, respec-

tively (Table 1). When temperature is increased to 275 �C,

drawing-out of complex fiber at the initial stage of thermal

treatment achieves *5%, and resulting fiber shrinkage is

equal to 7% in 2 h. During thermal stabilization at 285 and

290 �C drawing-out of fiber at the initial stage of treatment

increases up to 8 and 16%, which at 290 �C is not com-

pensated by the following shrinkage, equaling 8%. It

should be noted that time interval of PAN2 fiber length-

ening at all studied thermal treatment conditions is

approximately twice longer, compared to PAN1 at the same

temperatures.

Table 1 Change of aromatization index values (AI) of PAN fibers during thermal treatment

Temperature (�C) Aromatization index (%) of the material after thermal treatment during

30 min 1 h 2 h 4 h 6 h 8 h

PAN1

245 – – 19.1 40.0 52.5 –

255 – – 26.3 47.6 58.2 –

265 – 17.6 46.2 55.8 – –

275 – 30.5 53.0 – – –

285 26.1 51.3 – – – –

290 36.8 53.9 – – – –

PAN2

245 – – – 22.5 34.6 53.9

255 – – 13.5 49.5 53.4 –

265 – – 41.9 54.5 – –

275 – 31.5 53.8 – – –

285 – 38.9 55.6 – – –

290 30.4 51.4 – – – –

Fig. 2 Complex PAN1 (a) and PAN2 (b) fiber length (‘/‘0) changes as the function of isothermal treatment duration in air
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Let us consider transformation of PAN fiber material

structure into thermally stabilized fiber structure in more

detail. On the X-ray diffraction pattern of PAN fiber

maximums at the values 2h *17 and *29 degrees have

been observed, characteristic for crystalline structure of

PAN, corresponding to diffraction from planes (010) and

(300). Simultaneously a wide maximum in the region

2h *26� is present, caused by nanodispersed phase scat-

tering, for which the interplanar spacing is sufficiently near

to turbo-strated carbon structure, it amounts to *0.340 nm

(Fig. 3). During isothermal treatment change of intensity

and integral width of 010 maximum, as well as displace-

ment of its centroid toward smaller angles, take place.

During thermal treatment for 20 min (at temperature of

245 �C) PAN1 fiber degree of crystallinity increases by

*10%, from 75.2% to 83%, then it begins to decrease.

After isothermal treatment for 6 h maximum at 2h *25.9�
on the X-ray diffraction pattern is formed more distinctly,

which points at formation of parallel-oriented fragments

of carbon layers during thermal stabilization process. The

following increase of thermal treatment interval causes

increasing of its integral intensity and simultaneous

decreasing of 010 maximum.

Polyacrylonitrile diffraction maximum 010 profile,

during the transformation process from the initial stage into

thermally stabilized fiber structure, cannot be described

by Lorentzian or Gaussian functions. It might be due to

simultaneous coexistence of CSR varying in size and

interfacial distance. With the object of detailed analysis of

material structural transformation during thermal stabil-

ization process, separation of experimentally observed

diffraction maximum into minimal number of maximums

described by Lorentzian function has been carried out

(Fig. 3), and structural parameters of the revealed CSR

have been calculated. It has been found that the crystalline

component of the precursor PAN1 is represented by two

kinds of CSR with average sizes *13 and *1 nm (for

sizes calculations it has been adopted that physical

Fig. 3 Separation of

experimentally observed

diffraction peak into minimal

number of peaks described by

Lorentzian function. PAN

isothermal stabilization at

245 ± 1 �C
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Table 2 Change of average value of interplanar spacing (d), coherent-scattering regions size (L), and degree of crystallinity (C) of PAN fiber

Temperature Dwell time CSR types PAN1 PAN2

L (nm) d (Å
´

) C (%) L (nm) d (Å
´

) C (%)

Precursor fiber CSR1 13.2 5.289 75.5 14.4 5.297 78.6

CSR2 0.9 5.235 1.3 5.304

CSR3 1.7 3.378 1.3 3.337

245 �C 20 min CSR1 17.3 5.309 83.0 17.3 5.297 85.1

CSR2 1.0 5.178 0.8 5.101

CSR3 1.6 3.318 1.5 3.383

1 h CSR1 15.4 5.346 71.6 19.3 5.298 84.6

CSR2 1.8 5.200 1.0 5.280

CSR3 1.3 3.470 1.5 3.382

2 h CSR1 9.8 5.354 52.6 17.5 5.314 78.5

CSR2 1.4 5.297 1.4 5.171

CSR3 0.9 3.505 1.4 3.415

4 h CSR1 9.3 5.369 42.7 9.1 5.349 48.6

CSR2 1.4 5.405 1.3 5.314

CSR3 0.9 3.532 0.9 3.456

6 h CSR1 – – – 4.2 5.405 –

CSR2 1.2 5.401 1.2 5.375

CSR3 0.9 3.573 0.8 3.531

8 h CSR2 – – 1.8 5.538 –

CSR3 – – 0.7 3.633

255 �C 20 min CSR1 17.4 5.295 83.0 22.7 5.276 84.8

CSR2 1.0 5.365 1.3 5.177

CSR3 1.5 3.425 1.4 3.376

1 h CSR1 14.2 5.332 74.5 18.2 5.304 79.0

CSR2 1.8 5.234 1.3 5.147

CSR3 1.4 3.514 1.4 3.377

2 h CSR1 9.2 5.357 46.9 12.4 5.335 65.5

CSR2 1.4 5.384 1.8 5.260

CSR3 0.9 3.499 1.3 3.556

4 h CSR2 1.3 5.386 – 1.2 5.442 –

CSR3 0.9 3.582 0.9 3.575

6 h CSR2 1.1 5.544 – 1.0 5.444 –

CSR3 0.9 3.566 1.0 3.562

265 �C 20 min CSR1 16.2 5.276 80.5 19.0 5.281 81.5

CSR2 1.1 5.406 1.0 5.429

CSR3 1.4 3.407 1.2 3.433

1 h CSR1 11.2 5.330 62.3 13.0 5.327 71.3

CSR2 1.8 5.292 1.6 5.261

CSR3 1.2 3.518 1.4 3.514

2 h CSR1 – – – 3.5 5.371 –

CSR2 1.4 5.440 1.2 5.382

CSR3 0.9 3.583 1.9 3.519

4 h CSR2 1.0 5.548 – 1.2 5.554 –

CSR3 0.9 3.581 0.9 3.606
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broadening of diffraction maximum is caused only by

dispersion), Table 2. Interplanar spacings of CSR1 and

CSR2 are 5.289 and 5.235 Å, respectively. At that instance

*56% of PAN1 crystalline phase is formed by SCR of the

first kind.

Average sizes of CSR1, after thermal treatment of fiber

during 20 min (at temperature of 245 �C) increase by 31%;

at that instance the CSR1 amount of matter increases by

*4%. Lengthening of thermal treatment causes gradual

decrease in average sizes of CSR1. After treatment during

6 h dispersion of CSR1 is brought to a close, fiber material

is transformed into two-phase highly dispersed condition

with average sizes of CSR approximately 1 nm, Table 2.

Average sizes of the most dispersed component of PAN

crystalline phase (CSR2) during thermal stabilization pro-

cess remain within 1.0–1.8 nm range. Intensity of maxi-

mum for the structure preceding the carbon fiber structure

(CSR3) is increased; the amount of matter for this phase

achieves 65% (Fig. 4).

Increasing of isothermal treatment temperature causes

significant decreasing of time during which the two-phase

highly dispersed structure of thermally stabilized fiber is

formed. Thus, for example, diffraction maximum 010 of

CSR1 phase on the X-ray pattern is no longer observed

after treatment of the fiber during 2 and 1 h at temperatures

265 and 290 �C, respectively, Table 2. However, despite

the fact that formation of the new highly dispersed com-

ponent of thermally stabilized fiber structure (CSR3) takes

Table 2 continued

Temperature Dwell time CSR types PAN1 PAN2

L (nm) d (Å
´

) C (%) L (nm) d (Å
´

) C (%)

275 �C 10 min CSR1 18.1 5.269 84.4 18.4 5.309 83.4

CSR2 1.0 5.367 1.4 5.434

CSR3 1.7 3.377 1.3 3.481

30 min CSR1 13.2 5.320 65.6 19.5 5.303 81.9

CSR2 1.7 5.282 1.2 5.227

CSR3 1.2 3.559 1.5 3.415

1 h CSR1 10.1 5.313 49.3 7.6 5.315 46.1

CSR2 1.2 5.384 1.3 5.376

CSR3 0.9 3.493 0.9 3.484

2 h CSR2 1.0 5.470 – 1.0 5.645 –

CSR3 1.0 3.555 0.9 3.592

285 �C 10 min CSR1 17.3 5.278 75.5 19.0 5.271 80.7

CSR2 1.3 5.303 1.2 5.350

CSR3 1.2 3.401 1.0 3.416

30 min CSR1 9.5 5.320 49.8 16.2 5.322 70.3

CSR2 1.2 5.411 1.7 5.251

CSR3 0.9 3.460 1.4 3.556

1 h CSR1 – – – 0.8 5.355 –

CSR2 1.0 5.561 1.2 5.355

CSR3 0.9 3.569 0.9 3.565

2 h CSR2 – – – 1.0 5.549 –

CSR3 – – 0.9 3.595

290 �C 10 min CSR1 16.2 5.283 75.1 19.7 5.271 80.5

CSR2 1.0 5.285 1.4 5.356

CSR3 1.3 3.438 1.4 3.361

30 min CSR1 10.8 5.342 46.0 9.5 5.305 47.3

CSR2 1.3 5.402 1.3 5.434

CSR3 0.9 3.529 0.9 3.500

1 h CSR2 1.0 5.598 – 1.0 5.639 –

CSR3 0.9 3.574 0.9 3.578
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place at higher temperatures, average sizes of CSR2 and

CSR3 have turned out of the order 1 nm at the end of the

process for each studied temperature conditions.

Crystalline component of the precursor PAN2 is also

represented by two types of CSR, average sizes of which

are 14.4 and 1.3 nm (interplanar spacing are 5.297 and

5.304 Å, respectively). PAN2 fiber degree of crystallinity is

higher, 78.6%, but, at that instance, CSR1 include only

*54% of crystalline phase (Fig. 4).

Average sizes PAN2 fiber CSR1, unlike PAN1 fiber,

increase after 20 min and 1 h of thermal treatment at

245 �C by 20 and 34%, respectively. Then, as duration of

treatment increases up to 6 h, average value L gradually

decreases to 4.2 nm. After isothermal treatment during 8 h

PAN2 fiber material becomes highly dispersed two-phase,

aromatization index increases to 53.9% (Tables 1, 2). Sizes

of crystalline phase CSR2 during thermal stabilization

process remain within 0.8–1.8 nm.

Quantitative changes of PAN2 phase constitution also

differ from those described above (Fig. 4). After 20 min of

thermal treatment at 245 �C the area of maximum (phase

CSR1 quantity) increases by *19%, at that instance the

quantity of highly dispersed phase (CSR2) decreases by

*20%. After 2 h of thermal treatment the CSR1 amount of

matter, compared to the initial state, decreases only by 1.1

times and diffraction maximum is formed quite distinctly at

*26 degrees. As duration of thermal treatment increases

up to 8 h the quantity of CSR3, preceding the carbon fiber

structure, is increased, while the CSR1 amount of matter is

decreased. Quantity of PAN highly dispersed phase (CSR2)

achieves maximum value after thermal treatment during

4 h, and then it begins decreasing.

Rise of oven temperature to 255 and 265 �C causes

increase of CSR1 average sizes after 20 min of thermal

treatment, to *58 and *32%, respectively. At that

instance, CSR1 amount of matter increases by *20%. At

further increasing of thermal treatment the process of

CSR1 dispersion is developed, this phase quantity is

decreased and CSR3 amount of matter gradually increases.

PAN crystalline phase CSR2 average sizes remain within

1.0–1.8 nm during the thermal stabilization process at

these temperatures.

At thermal stabilization temperature of 275 �C the

structural transformation of PAN2 material develops

approximately four times faster compared to that at

245 �C. Fiber degree of crystallinity in the first case, after

1 h of thermal treatment, equals 46.1%; in the second case,

after 4 h, it is somewhat greater, 48.6%. Thermal treatment

at 290 �C during 30 min causes decrease of PAN2 degree

of crystallinity value to 47.3%.

Conclusion

Hence, increase of thermal stabilization temperature from

245 to 290 �C has caused decrease (from *25 to *6 min)

of plastic flow time for PAN1 material at the initial stage of

thermal treatment, at that instance elongation has increased

by *6 times. The time interval, within which elongation

of PAN2 fiber is observed, with higher degree of crystal-

linity and bulk density, is enlarged by *2.5 times com-

pared to PAN1 at all studied temperature conditions.

Fig. 4 Changes of PAN1 (a) and PAN2 (b) phase constitution during

thermal stabilization
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Abrupt decrease of shrinkage value of the investigated

fibers is observed at thermal treatment temperature of

275 �C and higher.

Crystalline component structure of the precursor fiber is

represented by two kinds of PAN CSR, differing by an

order of magnitude in their average sizes. Accompanying

reactions of cyclization, dehydrogenation, and oxidation

stimulates phase transition of PAN into intermediate highly

dispersed phase (CSR3 average size is approximately

1 nm)—newly formed structure of carbon fiber in local

microvolumes of PAN fiber CSR1. This process appears to

be followed by dispersion of CSR1 and increase of highly

dispersed component of PAN (CSR2). Maximum (*70%)

quantity of CSR3 is formed at 245 �C in PAN2 material.

At thermal stabilization, at temperatures of 255–285 �C

the ratio CSR3:CSR2 is equal to 60:40%. In the fiber that

has undergone thermal treatment at 290 �C the ratio

CSR3:CSR2 equals 55:45%.

Transformation of PAN1 fiber during thermal stabiliza-

tion into two-phase state progresses more actively by 25%

compared to the same process in PAN2. At that instance,

the ratio CSR3:CSR2 turns out to be somewhat less at all

studied temperature conditions.

Increase of thermal treatment temperature causes

acceleration of PAN crystalline phase (CSR1) dispersion

and formation of the new phase (CSR3). However, average

sizes of CSR2 and CSR3 (highly dispersed components of

thermally stabilized fiber) prove identical, *1 nm, at the

end of the process, when material aromatization indices

achieve value 51–58%.

References

1. Chand S (2000) J Mater Sci 35:1303. doi:10.1023/A:10047

80301489

2. Rahaman MSA, Ismail AF, Mustafa A (2007) Polym Degrad Stab

92:1421

3. Wangxi Z, Jie L, Gang W (2003) Carbon 41:2805

4. Jain MK, Abhiraman AS (1987) J Mater Sci 22:278. doi:10.1007/

BF01160584

5. Sauder C, Lamon J, Pailler R (2002) Compos Sci Technol 62:499

6. Ji M, Wang C, Bai Y, Yu M, Wang Y (2007) Polym Bull 59:527

7. Dalton S, Heatley F, Budd P (1999) Polymer 40:5531

8. Mathur RB, Bahl OP, Mittal J, Nagpal KC (1991) Carbon

29:1059

9. He DX, Wang CG, Bai YJ, Lun N, Zhu B, Wang YX (2007)

J Mater Sci 42(17):7402. doi:10.1007/s10853-007-1838-9

10. Gupta A, Harrison IR (1997) Carbon 35(6):809

11. Lv MY, Ge HY, Chen J (2009) J Polym Res 16:513

12. Takaku A, Shimizu J (1984) J Appl Polym Sci 29:1319

13. Yu M, Wang C, Bai Y, Wang Y, Wang Q, Liu H (2006) Polym

Bull 57:525

14. Fitzer E, Mullier DJ (1975) Carbon 13:63

15. Yu M, Wang C, Bai Y, Wang Y, Xu Y (2006) Polym Bull 57:757

16. Mathur RB, Bahl OP, Mittal J (1992) Carbon 30:657

17. Mittal J, Bahl OP, Mathur RB, Sandle NK (1994) Carbon

32:1133

18. Bell JP, Dumbleton JH (1971) Tex Res J 41:196

19. Jing M, Wang CG, Bai YJ, Zhu B, Wang YX (2007) Polym Bull

58:541

J Mater Sci (2010) 45:3998–4005 4005

123

http://dx.doi.org/10.1023/A:1004780301489
http://dx.doi.org/10.1023/A:1004780301489
http://dx.doi.org/10.1007/BF01160584
http://dx.doi.org/10.1007/BF01160584
http://dx.doi.org/10.1007/s10853-007-1838-9

	Changes of polyacrylonitrile fiber fine structure during thermal stabilization
	Abstract
	Introduction
	Experimental
	Materials
	Measurements

	Results and discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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


