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VARIOUS  TECHNOLOGICAL 
PROCESSES

1 The text was submitted by the authors in English.

INTRODUCTION

Phenol is widely used in industrial and environmental 
photo-chemistry as well as biological systems due to 
its important roles as antioxidants and polymer photo-
sensitizers [1]. However, phenol is also considered to be 
a great threat to the environment as its contamination in 
water at few ppm level is highly carcinogenic to humans 
and animals [2]. Although many techniques have been 
implemented for removal and degradation of phenol 
and phenolic compounds in waste water [3], such as 
adsorption, biodegradation, membrane extractio n and 
oxidation, etc., there is still a great challenge to develop 
a high effi cient, low cost technique for removal of various 
content phenol waste waters.

The heterogeneous photocatalytic process has 
been proved to be effective for removal of phenol and 

phenolic compounds [3, 4]. However, the photocatalysis 
technique is still in the developing stage due to several 
basic inherited problems, such as long term reaction 
time, low photonic effi cienc y and diffi culty to recycle, 
etc.,  have  not been solved [5, 6]. Recently,  more  
and  more catalytic nanomaterials are being developed 
and utilized in photocatalysis [7]. For example, Ag/
TiO2 [8], Fe/TiO2 [9, 10], Fe2O3 [11], etc. Especially, 
nano α-Fe2O3 as an n-type semiconductor with narrow 
band  gap  (2.2 eV)  is  used  as  a  visible- light  
excited  photocatalyst [11].  However, for mono-
component α-Fe2O3 material, the high recombination 
rate of photogenerated electrons and holes hinders its 
widespread application in photocatalysis. Coupling 
α-Fe2O3 with other semiconductors, such as ZnO, TiO2, 
and SnO2 to form a mixed photocatalyst is proved to be 
able to enhance the photocatalytic activities [12–14]. 
This kind of composite photocatalyst could accelerate 
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the separation rate of charge carries in photocatalytic 
process. Recently, many researchers have prepared the 
Fe2O3/TiO2 nanocomposite photocatalyst, which can 
absorb photons from both ultraviolet and visible light 
because of the different band gaps[15–18].

Although nano-sized composites have high 
photocatalytic capacity, they face another problem 
that they are too small to be separated from the slurries 
when the treatment fi nished. To solve the problem, a 
media can be used to support the nanoparticles in order 
that they can be separated from the water [19, 20]. 
Activated carbon fi ber (ACF) is widely applied in the 
purifi cation of air and water owing to its higher adsorption 
capacities than granular activated carbons [21–23]. It 
can remove both natural organics and various synthetic 
organic contaminates such as synthetic organic dyes, 
trichloroethene and phenol, etc. And ACF has great 
mechanical and physical properties and stability in 
different chemical and physical conditions, therefore, 
it can be used as a support of the nanoparticles for 
water treatment, and solve the separation problem of 
the nanoparticles [24–26]. Concerning their preparation 
processes, electrospinning has been regarded as a facile 
method to prepare polymer fi bers or other composite 
fi bers with high specifi c surface area and porosity, which 
is also very helpful to fabricate ACF-supported composite 
photocatalysts.

In this work, a mesoporous nano Fe2O3−TiO2@ 
activated carbon fi ber (ACF) membrane was prepared 
by an electrospinning method. This kind of composite 
fi ber membrane with interconnected pores, high porosity 
and large surface area was utilized to treat phenol waste 
water with the expectation of combining high adsorption 
capacity of ACFs and high photocatalytic activity of 
Fe2O3/TiO2 composites.

EXPERIMENTAL

The mesoporous Fe2O3−TiO2@activated carbon 
nanofi ber membranes were fabricated by an electrospinning 
process followed by a calcination treatment. Specifi cally, 
1.0 g Ferric nitrate (Fe(NO3)3·9H2O) and 2.0g tetrabutyl 
titanate (C16H36O4Ti) were added to 5.0 g N,N-di-
methylformamide (DMF ) orderly and stirred for 10min 
to obtain a homogeneous solution A. Meanwhile, 4.0 g 
polyacrylonitrile (PAN) powders were dissolved in 
30.0 g DMF and stirred for 1h to form solution B. Then, 
the solution A was slowly dropped into solution B with 

violently mechanical stirring to get a homogeneous 
viscous solution for electrospinning. The mixed solution 
was put into a plastic syringe, which is connected with a 
steel needle of 0.6 mm in internal diameter. A steel roller 
was placed 20 cm below the needle tip as a receiver to 
collect the precursor fi bers . A voltage of 25 kV was 
applied on the needle tip to electrospin the solution with 
a feeding speed of 1.2 mL h–1. The receiver was fi xed 
with a rotating speed of 200 rpm. Second, the precursor 
fi bers were collected, and stabilized at 280°C for 4 h in 
air. Then the stabilized fi ber membranes were pressed 
between two graphite plates of 1 cm in thickness, heated 
to 700–800°C with the heating rate of 2°C min–1 for 
holding time of 5–10 h in N2 atmosphere. When cooled to 
room temperature, the fl exible mesoporous Fe2O3−TiO2@
activated carbon nanofi ber membranes were obtained.

The crystal structure of the resulted fibers was 
determined by an Rigaku 2500 X-ray diffractometer 
(XRD). The morphology and microstructure of the 
samples were observed b y a JSM-5600LV scanning  
electron  microscope (SEM) and  a  JEM2010  transmission 
electron microscopy (TEM). The specifi c surface area, 
pore volume and pore size distribution using the BET 
technique under N2 gas were evaluated using NOVA2000 
gas sorption analyzer system. X-ray photoelectric 
spectroscopy (XPS) analysis of the fi ber membrane was 
carried out by an ESCALAB MarkII spectrophotometer, 
an AlKα X-ray source was used for the excitation of 
electrons. UV-vis diffuse refl ectance spectra (DRS) of the 
photocatalysts used to characterize the light absorption 
band edge were recorded by using a PGENERAL TU-
1901 UV-Vis spectrophotometer with pure BaSO4 as a 
reference. The removal effi ciency of phenol was assessed 
by a free penetration method in a transparent fi ltrator. In a 
cycle, 50 mL phenol solution with a content of 20 mg L–1 
was dropped slowly through the membrane under the 
irradiation of 500 W simulated visible light. The fi ber 
membrane size is 4.5 cm in diameter and 120 μm in 
thickness. The UV-Vis absorption spectra of the phenol 
solutions were obtained using a P GENERAL TU-1901 
UV-Vis scanning spectrophotometer in the wavelength 
range 200–800 nm.

RESULTS  AND  DISCUSS ION

Figure 1 shows the digital picture of the precursor 
membrane and the SEM images of the fi bers calcined 
at different conditions. It can be seen that the precursor 
membrane has a smooth and uniform morphology as 
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a paper, meaning that the electrospinning process is 
a suitable method to prepare a nanofi ber membrane. 
After calcination at different temperature and holding 
time, the fi ber membrane is not destroyed, still remains 
a very uniform structure as shown in Fig. 1b with a 
mean thickness of 120 μm. However, from the high 
magnifi cation images, it can be observed that the fi bers 
have different morphology and structure. At 700°C for 
5 h or 10 h, the surface of the fi bers basically keeps 
smooth and imporous but some particles can be seen 

indistinctly. With the increase of temperature, these fi bers 
are transformed to porous and with distinct particles. But, 
when the temperature increased to 800°C, the membrane 
was destroyed to be short fi bers composed with large 
particles.

Figure 2 shows the XRD patterns of the fiber 
membrane after calcination at different conditions. From 
the patterns, different diffraction peaks can be observed 
with different temperature and holding time, the pattern 
at 700°C for 5 h just shows a bread peak corresponding 

Fig. 1. (a) Digital picture of the precursor membrane and (b‒f) SEM images of the fi bers calcined at different conditions, (b, c) 700°C 
5 h, (d) 700°C 10 h, (e) 750°C 5 h, (f) 800°C 5 h.
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to the amorphous carbon (PDF#50-0926). When  the  
holding  time  extends  to  8 h,  there  appears  α-Fe peak 
(PDF#06-0696), anatase TiO2 peak (P DF#21-1272), 
amorphous carbon and graphite-2H peak (PDF#50-0926), 
but a little Fe3C impure phase (PDF#65-0393) is also 
detected. When the temperature  increases to  750°C and  
holds  for 5 h,  the aimed  phases of anatase  TiO2, α-Fe2O3 
(PDF#16-0653)  and  carbon are all detected,  meanwhile,  
some  weak  rutile  TiO2 (PDF#65-0191) peaks are 
also found, which would be benefi cial for the activity 
enhancement of anatase TiO2  just as the commercial 
product of Degussa P25 [27]. Continuing increas ing 
the temperature to 800°C , the anatase TiO2  and Fe2O3  
phases are transformed to Fe(II) TiO3 (PDF#29-0733) 
and rutile TiO2.

It is notable that the carbon peak at 2θ = 22.6° is 
weakened gradually with the increase of calcination 
temperature, meaning that the content of carbon was 
reduced accordingly, which can be proved by the SEM 
images with different morphology and the weakening 
peak intensity of Raman spectra in Fig. 3. Raman 
spectra can also provide some surface information 
about the fi bers. Figure 3 shows the Raman spectra of 
the fi ber membrane calcinated at different conditions. 
It can be observed that all the fi bers present a D peak at 
1345 cm–1 and a G peak at 1582 cm–1, corresponding 
to disordered carbon and graphitic carbon, respectively, 
which indicates this carbon in fi bers is a kind of activated 
carbon. Meanwhile, the ratio of ID/IG  is reduced from 

1.06 to 1.0 as the temperature increases from 700°C to 
800°C, indicating that the disordered carbon is gradually 
transformed to graphitic carbon. Therefore, according to 
the above results, the applicable heat treatment condition 
is 750°C for 5 h.

To further study the microstructure of the composite 
fi bers, a typical TEM image for the sample calcinated at 
750°C for 5 h is shown in Fig. 4. It can be seen that the 

Fig. 2. XRD patterns of the fi ber membranes after calcination 
at different conditions.

Fig. 3. Raman patterns of the fi ber membrane calcinated at 
different conditions. (■) FeTiO3, (□) R-TiO2, (#) A-TiO2, 
(●) Fe2O3, (@) Fe3C, (*) Fe, ($) Graphite, (%) C.

Fig. 4. TEM images and EDS of the fi bers calcinated at 750°C 
for 5 h, the inset is the corresponding SAED of fi bers.
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fi bers have a porous structure and plenty of nano crystals 
are embedded in the m. From the elemental analysis, the 
elements of Ti, Fe, O and C are all detected in the composite 
fi ber. Meanwhile, from the SAED pattern inset in the TEM 
image for the nano fi bers, the (101), (004), (200) rings cor-
respond well to that of anatase TiO2, and the (110), (104), 
(116) rings correspond well to that of Fe2O3. Therefore, it 
can be identifi ed that this nano fi ber is composed of nano 
TiO2, Fe2O3 and porous carbon fi ber support.

The XPS spectra were recorded to establish the 
oxidation state and electronic environment of the elements 

present in the composite fi bers. Figure 5 illustrates the 
XPS spectrum of Fe2O3−TiO2@activated carbon fi ber 
membrane and the XPS spectra of characteristic elements 
in high resolution, respectively. From the general XPS 
spectrum, the pattern indicates that the fi ber surface 
contains all the expected elements such as Ti, Fe, O and C. 
Accordingly, from the spectra of individual lines of Ti2p, 
Fe2p, O1s, and C1s, the peaks at 464.3 eV and 458.6 eV 
belong to Ti2p1/2 and Ti2p3/2, respectively, which can been 
assigned to the Ti4+. The peaks at 724.5 and 710.7 eV are 
due to Fe2p3/2 and Fe2p1/2 , respectively, which can been 

Fig. 5. General and characteristic elements XPS spectra of the sample calcined at 750°C for 5 h.
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assigned to the Fe3+. The peak at 529.5 eV is ascribed to 
O1s bonded to Ti and Fe. The peak at 531.6 eV belongs 
to the hydroxyl groups, which can be attributed to the 
reaction of adsorbed H2O with TiO2 and formation of Ti–
OH [28]. The C1s spectrum has been resolved into three 
individual component peaks. The fi rst peak at 284.6 eV 
represents graphitic C–C and C Hn, the second one at 
285.2 eV belongs to C–O groups and C=O groups, and 
the third one at 288.2 eV is due to COOH groups, which 
are well in agreement with the reported results [29].

Nitrogen adsorption/desorption isotherms of the 
Fe2O3−TiO2@activated carbon fi ber membrane (750°C 
for 5 h) are depicted in Fig. 6. It can be seen that the iso-
therms is due to type IV isotherms [30]. More defi nitely, 
the behavior of the adsorption/desorption isotherms can 
be regarded as a combination of the H3 loop subclass 
and H2 loop subclass of type IV isotherms since it does 
not exhibit any limiting adsorption at high P/P0  values 
at 0.8–1.0, while evidently shows a hysteresis loop at 
medium P/P0 values at 0.4–0.8, which are associated 
with capillary condensation in slit-like pores and ir-
regular mesopores, respectively. The initial part of type 
IV isotherms can be attributed to monolayer- multilayer 
adsorption. Meanwhile, according to the isotherms, the 
BET specifi c surface area is up to 231.2 m2 g–1, and the 
total pore volume amounts to 0.182 cm3 g–1 calculated by 
the density function theory (DFT) method. The pore size 
distribution of the Fe2O3−TiO2@activated carbon fi ber 
shown in the inset fi gure is in the region from 2.4 nm 
up to 6 nm with a maximum pore volume at 3.7 nm. All 
these structural characteristics imply that the Fe2O3–TiO2/

activated carbon fi ber membrane could have high adsorp-
tive property.

Figure 7 shows the UV–vis diffuse refl ectance spectra 
(DRS) of the fi ber membrane calcinated at 700°C for 
5 h and 750°C for 5 h, together with the pure anatase 
TiO2 for comparison. Thereinto, the XRD for the sample 
calcined at 700°C for 5 h just displays a carbon peak, 
thus, the DRS of the sample at 700°C for 5 h can be 
mainly regarded as the contribution of carbon fi ber. From 
Fig. 7, it can be observed that compared with the sample 
at 700°C for 5 h and pure TiO2, the Fe2O3−TiO2 activated 
carbon fi ber membrane calcined at 750°C for 5 h exhibits 
stronger absorption not only in the ultraviolet region below 
400 nm, but also in the visible light region at 400 –800 nm, 
and their absorption edge extents to a longer wavelength 
region, which is attributed to the c ombination of TiO2 
for ultraviolet light absorption with carbon and Fe2O3 
for visible light absorption [25, 26]. This visible light 
excitable composite fi ber membrane will greatly enhance 
the utilization effi ciency of sunlight.

From the above characterization and analysis, this 
mesoporous nano Fe2O3−TiO2@activated carbon 
fi ber membrane not only has a visible light excitable 
photocatalytic activity, but also can be utilized as a 
adsorbent. Thus, the removal property of the fiber 
membrane for treating waste water was assessed by 
fi ltrating phenol solution under simulated visible light as 
described in Experimental part. Figure 8 is the UV-Vis 
adsorption spectra of phenol solutions w ith different 
cycles. It can be seen that the treated phenol solution 
after free penetration and irradiation has not revealed any 

Fig. 6. Nitrogen adsorption/desorption isotherms of the sample 
calcined at 750°C for 5 h. Fig. 7. UV-vis DRS of the samples compared with pure TiO2.
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characteristic absorption peaks, meaning that the removal 
effi c iency is nearly up to 100%. Furthermore, just a weak 
absorption below 250 nm occurs, possibly due to some 
undegraded intermediate products after 10th cycles.

CONCLUSIONS

The mesoporous nano-Fe2O3–TiO2/activated carbon 
fi ber membrane with a specifi c surface area of 231 m2 g–1 
and narrow pore size distribution of 2.4–6 nm was pre-
pared by an electrospinning method. This composite fi ber 
membrane is not only a reusable adsorbent, but also a high 
effi cient photocatalyst which has high photon absorption 
from both ultraviolet and visible lights. It can be used to 
remove phenol from waste water with a removal effi -
ciency of 100%, and this technique is hopeful to be widely 
utilized in the treatment of various organic waste waters.

ACKNOWLEDGMENTS

This work was supported by National Natural Science 
Foundation of China (grant no. 51474113), the Science 
and Technology Support Program of Jiangsu Province 
of China (grant no. BE2013071 ), the Natural Science 
Research Program of Jiangs u Province Higher Education 
of China (grant no. 14KJB430010), and the Jiangsu 
Province’s Postgraduate Cultivation and Innovation 
Project of China (SJZZ15-0131), and also thank the 
sponsorship of Jiangsu Overseas Research & Training 
Program for University Young &Middle-aged Teachers 
and Presidents.

REFERENCES

1. Gerdes, R., Wöhrle, D., Spiller, W., Schneider, J., 
Schnurpfeil, G., and Schulz-Ekloff, G., J. Photochem. 
Photobiol. A: Chem., 1997, vol. 111, pp. 65–74.

2. Kahru, A., Maloverjan, A., Sillak, H., and Põllumaa, L., 
Environ Sci. Pollut. Res. Int., 2002, no. 1, pp. 27–33.

3. Kulkarni, S.J. and Kaware, J.P., J. Sci. Res. Publications, 
2013, vol. 4, pp. 1–5

4. Gondal, M.A., Sayeed, M.N., and Alarfaj, A., Chem. 
Physics Lett., 2007, pp. 445, pp. 325–330.

5. Meng, N.I., Michael, K.H., Leung, Denn, Y.C, et al., Renew 
Able & Sust. Energy Revs., 2007, vol. 11, pp. 401–425.

6. Schneider, J., Matsuoka, M., Takeuchi, M., Zhang, J., 
Horiuchi, Yu, Anpo, M., and Bahnemann, D.W., Chem. 
Rev., 2014, vol. 114, no. 19, pp. 9919–9986.

7. Mya Mya Khin, A., Sreekumaran Nair, V., Jagadeesh Babu, 
Rajendiran Murugan, and Seeram Ramakrishna, Energy 
Env. Iron. Sci., 2012, vol. 5, pp. 8075–8109.

8. Choi, Y., Kim, H., Moon, G., Jo, S., and Choi, W., ACS 
Catalysis, 2016, vol. 6, no. 2, pp. 821–828.

9. Liu, L., Chen, F., Yang, F., Chen, Y., and Crittenden, J., 
Chem. Eng. J., 2012, pp. 181–182, pp. 189–195.

10. Dong-Min Yun, Hyun- Hee Cho, Jun-Won Jang , and Jae-
Woo Park, Water Res., 2013, vol. 47, pp. 1858–1866.

11. Hongtao, Cui, Yan, Liu, and Wanzhong, Ren, Adv. Powder 
Tech., 2013, vol. 24, pp. 93–97.

12. Juan Xie, Zhao Zhou, Yiwei Lian, Yong jing Hao, Pan Li, 
and Yu Wei, Ceramics Int., 2015, vol. 41, pp. 2622–2625.

13. Patra, A.K., Dutta, A., and Bhaumik, A., ACS Appl. Mater. 
Interfaces, 2012, vol. 4, pp. 5022–5028.

14. Sun, P., Cai, Y., Du, S., Xu, X., Lu You, Ma, J., Liu, F., 
Liang, X., Sun, X., and Lu, G., Sensors & Actuators B: 
Chem., 2013, vol. 182, pp. 336–343.

15. Liu, J., Yang, S., Wu, W., Tian, Q., Cui, S., Dai, Zh., Ren, F., 
Xiao, X., and Jiang, Ch., ACS Sustainable Chem. Eng., 
2015, vol. 3, pp. 2975–2984.

16. Yao, K., Basnet, P., Sessions, H., Larsen, Simona, G.K.,  
Hunyadi Murph, V., and Zhao, Y., Catal. Today, 2015. 
http://dx.doi.org/10.1016/j.cattod.2015.10.026.

17. Chen,  M., Shen, X., Wu, Q., Li, W., and Diao, G., J. Mater. 
Sci., 2015, vol. 50, pp. 4083–4094.

18. Zhang, X., Xie, Y., Chen, H., Guo, J., Meng, A., and Li, C., 
Appl. Sur. Sci., 2014, vol. 317, pp. 43–48.

19.  Liu, R. and Ou, H.T., J. Nanotech., 2015, 727210.
20.  Ibhadon, A.O. and Fitzpatrick, P., Catalysts, 2013, vol. 3, 

Fig. 8. UV-Vis adsorption spectra of phenol solutions with 
different cycles.

Wavelength, nm



RUSSIAN  JOURNAL  OF  APPLIED  CHEMISTRY  Vol.  89  No.  12  2016

2015ELECTROSPINNING  FABRICATION

pp. 189–218.
21. Suzuki, M., Carbon, 1994, vol. 32, pp. 577–586. 
22. Brasquet, C. and Le Cloirec, P., Carbon, 1997, vol. 35, 

pp. 1307–1313.
23. Lee, K.J., Shiratori, N., Lee, G.H., Miyawaki, J., 

Mochida, I., Yoon, S., and Jang, J., Carbon, 2010, vol. 48, 
pp. 4248–4255.

24. Zhao, D., Yu, Y., and Chen, J.P., RSC Adv., 2016, vol. 6, 
pp. 27020–27030.

25. Meng, H., Hou, W., Xu, X., Xu, J.,and  Zhang, X., 
Particuology, 2014, vol. 14, pp. 38–43.

26. Shi, Jian-Wen, Cui, Hao-Jie, Chen, Jian-Wei, Fu, Ming-Lai, 
Xu, Bin, Luo, Hong-Yuan, Ye, and Zhi-Long, J. Colloid 
& Int. Sci., 2012, vol. 388, pp. 201–208.

27. Hurum, D.C., Agrios, A.G., and Gray, K.A., Phys. Chem. B, 
2003, vol. 107, no. 19, pp. 4545–4549.

28. Fu, P., Luan, Y., and Dai, X., J. Mol. Catal. A: Chem., 2004, 
vol. 221, pp. 81–88. 

29. Palanisamy, B., Babu, C.M., Sundaravel, B., Anandan, S., 
and Murugesan, V., J. Hazardous Mat., 2013, pp. 233–242.

30. Aboul-Gheit, A.K., El-Desouki, D.S., and El-Sala-
mony, R.A., Egypt. J. Petroleum, 2014, vol. 23, pp. 339–348.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS (Pfeps)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


		2017-04-10T14:35:25+0300
	Preflight Ticket Signature




