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Abstract Influence of crosslinking on physical properties of low density polyethylene was studied. The results indicated
that, at low degrees of crosslinking, the network hardly affects the crystallinity, elastic modulus (£') and yielding stress while
it improves the tensile strength and strain at break simultaneously. Tensile strength reaches a maximum of about 24 MPa at
1.5 phr dicumyl peroxide (DCP) then decreases to a constant value of about 18 MPa due to decrease of crystallinity. £
reaches its maximum at 0.5 phr DCP corresponding to gel fraction of about 75% without marked change in crystallinity. The
crosslinked polyethylene exhibits two yielding processes, and both yielding stresses approximately linearly depend on
crystallinity.

Keywords: XLPE; Crystallinity; Deformation behavior; Yielding.

INTRODUCTION

It is well known that physical properties of polymers greatly depend on their condensed state!’ ). Chemical
crosslinking'™ '""*! is an effective way for improving physical properties especially thermal resistance of
polymeric materials!'*. The crosslinking network seriously restrains the movement of molecular chains in the
melt state, preventing them from arranging into lamellar folds and affecting polymer crystallization finally!'>'%).
A lot of researches have been focused on the relationship among crystallinity and mechanical properties of low
density polyethylene (LDPE)™ '**! crosslinked using no more than 3% dicumyl peroxide (DCP). Deterioration
in mechanical properties of crosslinked low-density polyethylene (XLPE) with high DCP dosages is mostly
attributed to the degradation of LDPE with ignoring the impact of crystallinity!® '"-2* 2!,

Semicrystalline polymers upon drawing exhibit cold draw and yielding . Crystallinity plays an
important role in yielding!® ® 2> 272839 Tregca yield criterion™ * has been proposed to describe yielding of
polymers with a wide variation of crystallinity'® "*'!. Two mechanisms, the partial melting-recrystallization and
chain slip mechanisms'”*??") have been proposed for explaining the yielding. Nozue” and Manzur*?
supported the partial melting-recrystallization during drawing, while results from wide and small angle X-ray
scattering support the later mechanism!** 27>% 33,

In this work, we prepared XLPE with a wide range of crosslinking density (as well as crystallinity formed
under the same condition) by using DCP diffusion into solid LDPE granules before melt blending**,
Mechanical properties of XLPE were investigated for revealing the contributions of crosslinking network and
crystallinity.
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EXPERIMENTAL

Materials

Low density polyethylene (LDPE) with M, = 13.3 x 10°, M,, = 77.5 x 10°, density 0.921 g/cm’ and melting index
2.12 g/10min was a product from Yanshan Co. SINOPEC, China. Dicumyl peroxide (DCP) as crosslinking agent
and  3,5-bis(1,1-dimethylethyl)-4-hydroxyl-hydroxylbenzenepropanoic  acid thiodi-2,1-ethanediyl ester
(Irganox1035) as antioxidant were kindly provided by Virtulla Tianjin Tech. Co. Ltd., China. Xylene (AR) as
solvent was obtained from Hangzhou Chem. Agent Co. Ltd., China. All the materials were used as received.

Sample Preparation
LDPE granules and antioxidant with a weight ratio of 100:1 were put into a 500 mL flask and were mixed
through a rotary evaporator at 90°C to allow antioxidant to diffuse into LDPE granules for about 90 min. The
mixture was cooled down to room temperature. Ten grams of the mixture were mixed with 40 g LDPE and
certain amounts of DCP in the flask on a rotary evaporator at 80°C for about 1 h. The procedure allowed melted
DCP to diffuse into the granule. The mixtures were further mixed using a torque rheometer (XSS-300) at 110°C
and 50 r/min for 8 min.

The compounds were press moulded into sheets of 1.2 mm in thickness under 15 MPa and 175°C for
10 min and were then quenched to room temperature under pressure of 15 MPa for 10 min. Dumbbell-shaped
samples for tensile test were punched out. The samples were kept for 24 h at 70°C in order to outgas by-products
of crosslinking reaction. XLPE films for Fourier-transform infrared (FTIR) measurements were prepared at the
same condition.

Analyses

Fourier-transform infrared (FTIR) spectra

FTIR spectra were recorded using a Vector 22 FTIR Spectrometer (Bruker, Germany) at a resolution of 2.0 cm™
with 32 scans. Quantitative analysis was done using OMNIC 6.1a analysis software. Carbonyl index A,7,5/42019
and decomposition index Aig9¢/42019 Were chosen to characterize the thermal oxidation and decomposition,
respectively, during the peroxide-cure procedure. Here A4 represents the area intensity of the selected peaks.

Gel fraction and crosslinking density
Degree of crosslinking was characterized by gel fraction f,. determined using a Soxhlet extractor using xylene as
solvent for at least 12 h. XLPE samples before and after extraction were dried in a vacuum oven to constant

. . m
weights m; and m,, and f,. was calculated according to S e (Wt%0) = —2%100 .
m
Apparent average molecular weight of effective chains between crosslinking sites, M, , was calculated

y

according to Flory-Rehner formula, M : = ppVO(Vrl/ 3 —jj/ [— ln(l—Vr)—Vr - XVrz]. Here, y = 0.31 is Huggins

solvent-polymer interaction parameter, ¥, = 139.3 cm’*/mol is partial molar volume of the solvent!'*, Pp 18
density of polymer and V; is volume fraction of polymer in the swollen gel, respectively. Average molecular
weight of network chains was evaluated according to 1/M =1/M : +2/M, in order to take into account

network imperfections such as chain segments terminated by a crosslink at only one end.

Differential scanning calorimetry (DSC)
Thermal properties of XLPE and the gels were examined using a Q100 differential scanning calorimeter (TA,
USA) at 10 K/min under nitrogen atmosphere. Lamellar thickness /. of both XLPE and the gels was estimated

2

from melting point 73, according to the Gibbs-Thompson equation, T, =T, n?[l— O; j . Here, T, = 418.7 K is
the equilibrium melting point of polyethylene crystal of infinite thickness, AH = 280 J/cm’ is the enthalpy per
unit volume, and o=93.4 x 107" J/em® is the interfacial free energy associated with the basal plane of the mature

crystallite.
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Mechanical properties

Tensile tests were performed to dumbbell-shaped samples on a universal testing machine (CMT 4204, Shenzhen
SANS Test Machine Co. Ltd., China) at 250 mm/min at room temperature ((25 + 3)°C). Mechanical properties
were determined from five replicates for each sample.

RESULTS AND DICUSSIONS

Influence of DCP on Structure of XLPE

Crosslinking reaction in LDPE proceeds via radical coupling mechanism
with thermal oxidation of LDPE™"*"). Chain scission reaction may become more important at high temperatures.
Consequently, a greater proportion of antioxidant is necessary for restricting thermal degradation of LDPE
during crosslinking[m. Figure 1 shows relative absorbances A4;7:5/43019 and Ajgo0/A2019 as a function of DCP
dosage for XLPE. A4;7,5/42019 does not vary significantly after crosslinking LDPE using different DCP dosages.
Degradation index Ai49¢/42019 increases apparently with increasing DCP content, indicating that double bonds
like R{R,C=CHj, are generated from fscission of chain branch®". The more DCP is used, the much serious
degradation is. Though thermal degradation takes place, crosslinking through coupling termination of radicals is
still the main reaction®® **,

[13.35.38] " \which might be accompanied
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Fig. 1 A;755/A2019 and A;¢90/43019 as a function of DCP dosage for XLPE

Jeer and M. are used to characterize the degree of crosslinking™'!. Figure 2 shows the influence of DCP
content on f., M. and enthalpy of crosslinking reaction. Crosslinking enthalpy is almost linearly dependent on
DCP content. At DCP content below 0.2 phr, fo remains zero and M, = 6.5 X 10° corresponds to the
entanglement molecular weight. f, increases quickly with increasing DCP content and reaches 94% at 2 phr
DCP. f,q levels off at high DCP contents. In comparison with the rapid increment of f, the decrease of M, is
rather slow. At 7-9 phr DCP contents, LDPE is almost completely crosslinked to form a network with fo; = 99%
and M, =12X 103, respectively.

Chain branches and chemical crosslinking have important influences on crystallization behavior
Crystallinity, 7, /., and crystallization temperature (7.) are used to evaluate the influence of crosslinking on
structure of XLPE and the gels, and the data are listed in Table 1. It is seen that T, and 7, decrease by about
17 K with increasing DCP content from O phr to 9 phr, which can be attributed to the branch or network
formation preventing chains from regular arrangement into crystalline lamellae. The change in crystallinity and
I, below 0.5 phr DCP is rather small though f, increases sharply from 0 to 75%. A similar result is reported by
other researchers'®. At DCP content below 0.3 phr, no gel forms after thermal crosslinking of the samples and
crystallinity remains almost constant at about (40.1 + 0.8)%. After the gel point (DCP content equal to or above
0.3 phr), crystallinity and /. are proportional to each other (see inset in Fig. 4) and both decrease with increasing

[15, 16, 42]
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DCP content (or crosslinking density characterized by 1/M,). Because all the samples underwent the same non-
isothermal crystallization during preparation, the variations of crystallinity and /. are involved in the restriction
of the crosslinking network on the lamella formation. The size of network chains decreases with increasing
crosslinking density, resulting in reduction in /. of crystals together with reduction in crystallinity. Both 7}, and
T; of gels with DCP from 0.3 phr to 3 phr (fg from 47.5% to 96.4%) are lower than those of XLPE, indicating
the restriction of the crosslinking network on the nonisothermally crystallization of the network chains into
lamellae slightly thinner than those formed in XLPE. At high crosslinking densities, the gels do not exhibit
marked difference in crystallization and melting behaviors from XLPE.
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Fig. 2 Influence of DCP dosage on fy1, M. and enthalpy of crosslinking reaction

Table 1. Crystalline and melting behavior of XLPE and PE gel

XLPE Gel
DCP T (°C) T. (°C) [ (nm) Crystallinity (%) T (°C) T. (°C) [ (nm)
0 109.6 - 7.8 41.1 — - -
0.1 108.2 97.1 7.5 39.8 — - -
0.2 107.9 96.6 7.4 39.5 - - -
0.3 107.1 96.2 7.3 40.0 105.8 95.5 7.0
0.4 106.9 96.0 7.2 39.2 104.9 94.4 6.9
0.5 106.4 95.5 7.1 38.4 105.2 92.6 6.9
1.0 104.6 94.0 6.8 35.5 104.3 91.9 6.8
1.5 103.8 92.5 6.7 35.3 103.6 91.2 6.7
2.0 102.6 91.4 6.5 34.1 102.0 90.4 6.4
3.0 100.4 89.2 6.2 32.6 100.6 88.8 6.2
4.0 98.0 87.3 5.9 30.9 98.5 86.8 5.9
5.0 96.8 85.0 5.7 29.9 96.8 84.9 5.7
7.0 94.3 82.8 5.4 28.2 96.2 81.5 5.7
9.0 92.6 80.6 5.3 26.8 92.0 79.6 5.2

Influence of Crosslinking on Tensile Behavior
Crosslinking network, morphology and chain entanglement are three important factors determining physical
properties and deformation behavior of polymers!**™°!. Crosslinking may greatly enhance tensile strength at the
expense of elongation at break and crystallinity of XLPE!'> '® I However, properties dominated by
crystallinity, for example, yielding stress (oy) and elastic modulus (£), may deteriorate with increasing
crosslinking density'™ ** 2> 3% %1 After crosslinking, the tensile strength of the samples with high molecular
weight decreases while that of the samples with low molecular weight increases!*). Moreover, long chains result
in much more entanglements leading to strain hardening upon stretching!™ *%!

Figure 3 shows the stress-strain (o-¢) relationship for XLPE with different DCP contents indicated.
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Uncrosslinked LDPE shows two yielding points at £ = (20.2 £ 0.3)% and £ = (69.4 + 1.8)%, respectively. The
postyielding deformation is characterized by a strain softening up to €= (132 + 10)%, a cold drawing up to €=
(500 £ 5)% and a strain hardening up to € = (530 + 7)%. The onset strain of hardening corresponds to the
complete transformation of the original lamellar into microfibrillar structure*”. Drawing of the microfibrillar
structure happens uniformly through displacement of adjacent fibrils containing a great many microfibrils of
finite length. The samples break shortly during the hardening. In XLPE, the strain range for cold draw is
shortened while that from the onset of hardening to the break strain is extended as DCP is added. The formation

of crosslinking sites in the amorphous phase, as well as the anchored entanglements between crosslinking sites,
strengthens strain hardening of XLPE™,
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Fig. 3 Stress-strain curves of XLPE with different DCP contents in phr as indicated
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Fig. 4 E as a function of crystallinity for XLPE of different crosslinking densities
The inset shows crystallinity against /.

As is reported, E of semicrystalline polymers decreases with crosslinking'> * ' *). Figure 4 shows the
dependence of £ on crystallinity. As the initial elastic deformation is mainly associated with the deformation of
the amorphous region through slip, separation and rotation of lamellae, the interlamellar regions have important
influence on E. As shown in Fig. 4, E exhibits a maximum at a crystallinity of 37.8% (0.5 DCP, fo = 73.4%). At
low degree of crosslinking, crosslinking sites interconnect the amorphous chains among lamellae but don’t have
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significant influences on crystallinity, which is responsible for the slight increment of £ with increasing DCP
from 0 phr to 0.5 phr (crystallinity decreasing from 41.1% to 38.4%). On the other hand, the reductions of /,
(from 6.8 nm to 5.3 nm) and crystallinity (from 35.5% to 26.8%) account for the E reduction at high degrees of
crosslinking (DCP from 1.0 phr to 9.0 phr).

Double yielding is common in vinyl copolymers, which is assigned to a slip of crystal blocks passing each
other in the mosaic crystalline structure and a homogenous shear of crystal block* *?*?% Figure 5 shows the
first and the second yielding stresses, oy; and 0Oy,, as a function of crystallinity. Both oy, and oy, are

[4,31]

approximately linearly dependent on crystallinity’ with different slopes.
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Fig. 5 Yielding stress as a function of crystallinity for XLPE of different crosslinking densities

Figure 6 shows the influence of DCP content on tensile strength (o) and strain at break (&,). o, and &,
increase with increasing DCP content below 1.5 phr and 0.4 phr, respectively, while they decrease at high DCP
contents. The o, maximum occurs at the DCP content corresponding to fze; = 91.4%. On the other hand, the &,
maximum occurs at the DCP content above which M, starts to decrease. At low degrees of crosslinking, the
increments in both ¢, and £, may be related to the formation of network that restrains the intercrystal slippage
and microcrack of oriented crystals. At high degrees of crosslinking, on the other hand, the dense network with
gradually reduced M, restricts the deformability of the crystalline and the amorphous phases!'”. Figure 7 shows
the dependences of &, and hardening strain &, as a function of M,. Both &, and g, are linearly dependent on M..
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It is clear that both the ultimate deformability of XLPE and the limit draw ratio during necking are closely
related to M..

CONCLUSIONS

Crosslinking density has a great influence on crystalline behavior and mechanical properties of LXPE. Below the
gel point the crystallinity and lamellar thickness almost remain unvaried. Above the gel point, the crystallinity
and lamellar thickness are proportional to each other and both decrease with increasing crosslinking density.
Elastic modulus and strain at break reach a maximum in the vicinity of the gel point. Tensile strength reaches a
maximum at 1.5 phr DCP corresponding to a gel fraction of 93%. Both the first and the second yielding stresses
exhibit a linear dependence on crystallinity. On the other hand, the strain at break and hardening strain exhibit
strong corrections to molecular weight of network chains between crosslinking sites.

REFERENCES

1 Bartczak, Z., J. Polym. Sci. Part B: Polym. Phys., 2010, 48(3): 276

2 Andreopoulos, A.G. and Kampouris, E.M., J. Appl. Polym. Sci., 1986, 31(4): 1061

3 Kao, Y.H. and Phillips, P.J., Polymer, 1986, 27(11): 1669

4 Crist, B., Fisher, C.J. and Howard, P.R., Macromolecules, 1989, 22(4): 1709

5 Kampouris, E.M. and Andreopoulos, A.G., Eur. Polym. J., 1989, 25(3): 321

6 Brooks, N.W.J., Unwin, A.P., Duckett, R.A. and Ward, .M., J. Macromol. Sci.-Phys., 1995, B34(1-2): 29
7 Lucas, J.C., Failla, M.D., Smith, F.L., and Mandelkern, L., Polym. Eng. Sci., 1995, 35(13): 1117

8 Schrauwen, B.A.G., Janssen, R.P.M., Govaert, L.E. and Meijer, H.E.H., Macromolecules, 2004, 37(16): 6069
9 Addiego, F., Dahoun, A., G'Sell, C., Hiver, J.M., and Godard, O., Polym. Eng. Sci., 2009, 49(6): 1198

10 Bongardt, J., Michler, G.H., Naumann, I. and Schulze, G., Angew. Makromol. Chem., 1987, 153: 55

11 Kudla, S., Polimery, 2002, 47(11-12): 762

12 Sajkiewicz, P. and Phillips, P.J., J. Polym. Sci. Part A: Polym. Chem., 1995, 33(5): 853

13 Andersson, L.H.U., Gustafsson, B. and Hjertberg, T., Polymer, 2004, 45(8): 2577

14 Gustafsson, B., Bostrom, J.O. and Dammert, R.C., Angew. Makromol. Chem., 1998, 262: 93

15 Hendra, P.J., Peacock, A.J. and Willis, H.A., Polymer, 1987, 28(5): 705

16 Deboer, J. and Pennings, A.J., Polymer, 1982, 23(13): 1944

17 Celina, M. and George, G.A., Polym. Degrad. Stab., 1995, 48(2): 297

18 Pruitt, L.A., Simis, K.S., Bistolfi, A. and Bellare, A., Biomaterials, 2006, 27(9): 1688

19 Ramos, V.D., da Costa, H.M., Rocha, M.C.G. and Gomes, A.D., Polym. Test., 2006, 25(3): 306

20 Choudhury, A. and Adhikari, B., Polym. Int., 2007, 56: 1213

21 Bremner, T. and Rudin, A., J. Appl. Polym. Sci., 1995, 57(3): 271

22 Nozue, Y., Shinohara, Y., Ogawa, Y., Takamizawa, T., Sakurai, T., Kasahara, T., Yamaguchi, N., Yagi, N. and

Amemiya, Y., Polymer, 2009, 51(1): 222

23 Doyle, M.J., Polym. Eng. Sci., 2000, 40(2): 330

24 Schrauwen, B.A.G., Von Breemen, L.C.A., Spoelstra, A.B., Govaert, L.E., Peters, G.W.M. and Meijer, H.E.H.,
Macromolecules, 2004, 37(23): 8618

25 Pan,J.L., Li, Z.M., Ning, N.Y., and Yang, S.Y., Macromol. Mater. Eng., 2006, 291(5): 477

26 James, E., “Physical properties of polymers handbook,” 2" ¢d., Cincinnati, Ohio, Springer, 2006, p. 625

27 Butler, M.F., Donald, A.M. and Ryan, A.J., Polymer, 1997, 38(22): 5521

28 Butler, M.F., Donald, A.M. and Ryan, A.J., Polymer, 1998, 39(1): 39

29 Butler, M.F., Donald, A.M. and Ryan, A.J., Polymer, 1998, 39(4): 781

30 Pan, J.L. and Li, Z.M., J. Appl. Polym. Sci., 2008, 108(1): 287



844 X.H. Zhang et al.

31 Humbert, S., Lame, O. and Vigier, G., Polymer, 2009, 50(15): 3755

32 Manzur, A. and Rivas, J.I., J. Appl. Polym. Sci., 2007, 104(5): 3103

33 Zuo, F., Keum, J.K., Chen, X.M., Hsiao, B.S., Chen, H.Y., Lai, S.Y., Wevers, R. and Li, J., Polymer, 2007, 48(23): 6867
34 Yang, HM., Zhang, X.H. and Zheng, Q., Acta Polym. Sinica(in Chinese), 2010, (6): 694

35 Camara, S., Gilbert, B.C., Meier, R.J., van Duin, M. and Whitwood, A.C., Polymer, 2006, 47(13): 4683

36 Yamazaki, T. and Seguchi, T., J. Polym. Sci. Part A: Polym. Chem., 1997, 35(2): 279

37 Uhniat, M., Sudol, M. and Kudla, S., Polym. Degrad. Stab., 2001,71(1): 75

38 Zhou, W. and Zhu, S., Macromolecules, 1998, 31(13): 4335

39 Perez, C.J., Cassano, G.A., Valles, E.M., Quinzani, L.M. and Failla, M.D., Polym. Eng. Sci., 2003, 43(9): 1624
40 Flory, P.J., J. Chem. Phys., 1950, 18(1): 108

41 Campus, A. and Mateu, G., Wire J. Int., 1985, 18(5): 57

42 Narkis, M., Raiter, 1., Shkolnik, S., Siegmann, A. and Eyerer, P., J. Macromol. Sci.-Phys., 1987, B26(1): 37

43 Smedberg, A., Hjertberg, T. and Gustafsson, B., Polymer, 2004, 45(14): 4867

44 Krishnaswamy, R.K., Yang, Q., Fernandez-Ballester, L. and Kornfield, J.A., Macromolecules, 2008, 41(5): 1693
45 Zahedi, M., Ahmadi, M. and Nekoomanesh, M., J. Appl. Polym. Sci., 2008, 110(1): 624

46 Koch, T. and Seidler, S., Strain, 2009, 45(1): 26

47 Peterlin, A., Colloid Polym. Sci., 1987, 265(5): 357




<<
  /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 false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 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 /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


