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Abstract In this work, four kinds of cellulose aliphatate esters, cellulose acetate (CA), cellulose propionate (CP), cellulose
butyrate (CB) and cellulose acetate butyrate (CAB) are synthesized by the homogeneous acylation reactions in
cellulose/AmimCl solutions. These cellulose aliphatate esters are used to prepare gas separation membranes and the effects of
molecular structure, such as substituent type, degree of substitution (DS) and distribution of substituents, on the gas
permeability are studied. For CAs, as the DS increases, their gas permeabilities for all five gases (O,, N, CH;, CO and CO,)
increase, and the ideal permselectivity significantly increases first and then slightly decreases. At similar DS value, the
homogenously synthesized CA (distribution order of acetate substituent: C6 > C3 > C2) is superior to the heterogeneously
synthesized CA (distribution order of acetate substituent: C3 > C2 > C6) in gas separation. With the increase of chain length
of aliphatate substituents from acetate to propionate, and to butyrate, the gas permeability of cellulose aliphatate esters
gradually increases. The cellulose mixed ester CAB with short acetate groups and relatively long butyrate groups exhibits
higher gas permeability or better permselectivity than individual CA or CB via the alteration of the DS of two substituents.
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INTRODUCTION

Gas separation with membrane process is a promising technology and has been applied in industrial gas
separations due to low cost, high energy efficiency, ease of processing and excellent reliability. For example, the
separations of CO,/CH4 mixtures and CO,/N, (treatment of flue gas) with polymer membranes have already
been industrialized for more than 30 years'"?). In the gas separation process, the membrane material is the most
crucial factor’®!. Gas separation properties of membrane materials could be tailored via the chemical modification
to alter their microstructure!™.,

Cellulose-based material is one of the important polymers used in gas separation because of moderately
rigid chains, good flexibility and mechanical strength® ™). Various cellulose derivatives, such as cellulose acetate
(CA), ethyl cellulose, silyl cellulose, cellulose butylcarbamate, and trifluoroacetylated cellulose have been
reported to be used as the gas separation membrane materials''®'?. Among them, CA is the most widely
developed material, and found to be the most suitable membrane for biogas separation and enrichment!!),
However, so far, the relationship between the molecular structure and gas permeability of cellulose esters has not
been thoroughly understood yet. It should be noted that, cellulose possesses a large amount of active hydroxyls
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groups at the C2, C3 and C6 positions of each D-anhydroglucopyranose unit (AGU), which can be substituted
with versatile functional groups''>'*. However, because cellulose is insoluble in water and conventional organic
solvents due to the well-developed hydrogen bonding networks in cellulose, all commercial cellulose derivatives
are prepared by heterogeneous reactions with harsh conditions. Therefore, it is difficult to control the type,
degree of substitution (DS) and distribution of functional substituent groups!'®!. Recently, certain ionic liquids
(ILs) are found to have outstanding dissolving capability for cellulose, and suitable to be used as the reaction
media for chemical modification of cellulose!'*™"®!. Using ILs as the reaction media, various cellulose derivatives
such as cellulose esters, ethers and graft copolymers, have been successfully prepared’®?. As a novel kind of
aprotic solvent, ILs are found to be an effective reaction media for homogeneous cellulose esterification, and the
DS and distribution of substituent could be conveniently controlled as desired'* .

In this work, a series of cellulose aliphatate esters with different substituents, DS and distribution of
aliphatate groups, including cellulose acetate, propionate, butyrate and acetate butyrate, are synthesized in ILs.
The relationship between molecular structure and gas permeation properties is investigated in detail.

EXPERIMENTAL

Materials

Cotton pulp (degree of polymerization ca. 730) was dried at 70 °C for 3 h under vacuum before use. AmimCl
was synthesized according to our previous work®”. Acetic anhydride, propionyl chloride and butyl chloride were
purchased from Alfa Aesar and used as received. CA; 40 (DS = 2.40) was obtained from Nantong Cellulose
Fibers Co., Ltd., China, and purified by acetone. All other chemicals of analytical grade were purchased from
Beijing Chemical Reagent Factory.

Synthesis of Cellulose Esters

According to the previous reports, four kinds of cellulose esters, cellulose acetate (CA), cellulose propionate
(CP), cellulose butyrate (CB) and cellulose acetate butyrate (CAB) were synthesized by the homogeneous
acylation reactions in cellulose/AmimCl solution. Detailed information about synthesized samples is shown in
Table 1.

Table 1. The DS of CAs, CP, CB and CABs

Sample DS(Total) DS(Acetate) DS(Propionate) DS(Butyrate)
CA, 75, 1.75 1.75 0 0
CAs 434 2.43 2.43 0 0
CAs 804 2.82 2.82 0 0
CAj 40 2.40 2.40 0 0
CP,73 2.73 0 2.73 0
CBss;3 2.83 0 0 2.83
CA 3B 2.80 1.30 0 1.50
CAysB2o 2.80 0.80 0 2.00
CAy3Bys 2.90 0.30 0 2.60
CA9Bos 2.50 1.90 0 0.60

Membrane Fabrication

Nonporous planar membranes of cellulose esters were fabricated by casting their chloroform solutions
(concentration 8 wt%) on clean glass plates and evaporating solvents at room temperature. Finally, the obtained
homogeneous membranes (thickness: 30—50 um) were dried under vacuum at 60 °C for 24 h.

Measurements

"H-NMR spectroscopy

Samples (10 mg) were dissolved in CDCl; (0.5 mL). 'H-NMR spectra were acquired on a Bruker AV400
spectrometer with 16 scans after adding a drop of deuterated trifluoroacetic acid, which shifted the peaks of
active hydrogens to the low field. The DS of samples was calculated according to Goodlett ez al **). The results
are listed in Table 1.
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BC-NMR spectroscopy
Samples (50 mg) were dissolved in DMSO-ds or CDCl; (0.5 mL). ?C-NMR spectra were acquired on a Bruker
AV400 spectrometer with 8000—18000 scans to get the distribution of substituent groups in cellulose esters.

XRD analysis
X-ray diffraction patterns were collected on a Rigaku D/max-2500 X-ray diffractometer. The scanning 2 @ ranged
between 3° and 45° with a step scanning rate of 3°/min.

DSC
The differential scanning calorimetry (DSC) analyses were recorded on a TA Instruments Q2000 under nitrogen
atmosphere. The temperature program runs as follow:

Samples were heated at a rate of 50 K/min from 25 to 250 °C to remove any thermal history. After a
thermal stabilization period of 5 min at 250 °C, samples were cooled from 250 °C to —20 °C at a rate of
50 K/min. Then, samples were heated from —20 °C to 250 °C at a rate of 20 K/min again. All reported glass
transition temperatures (7,) were recorded from the second heating cycle.

Gas permeability test

Gas permeability was tested by a Labthink VAC-V2 Gas Permeability Tester. The gases used in our experiments
were 99.995% O,, 99.999% N,, 99.99% CHy, 99.99% CO and 99.999% CO,. Permeability tests were conducted
under 0.1 MPa pressure at 23 °C, following a sequence as O,, N,, CH,, CO and CO, to avoid the plasticizing
effect of CO, on these membranes. The effective area of the permeation cell was 4.95 cm”. The permeability
coefficient (P) was calculated according to the time-pressure curve. The diffusion coefficient (D), solubility
coefficient (S) and ideal permselectivity () were determined by formulae (1), (2) and (3) respectively.

D = /60 (1
S=P/D ()
0{=PA /PB (3)

/, membrane thickness; 6, time lag, intercept of the asymptotic line of the time-pressure curve to the time axis;
P4, permeability coefficient of gas A; Py, permeability coefficient of gas B.

RESULTS AND DISCUSSION

The Influence of Degree of Substitution and Distribution of Substituents on Gas Permeability

Cellulose acetate (CA), one of the most common gas separation membrane materials'®”), is chosen as the research
object to study the influence of DS and distribution of substituent on gas permeability. Three CAs (CA| 7s.,,
CAj 43, and CA,,.,) are homogeneously synthesized in AmimCl according to our previous work?®%. The DS
values of them are 1.75, 2.43 and 2.82 respectively. Figure 1 shows the BC-NMR spectrum of CA, 43., and the
distribution of substituents in CA; 43, and CA, 4. Calculating from the integration of carbonyl peaks, the
reactivity of acetate group is preferred at C6-OH, and the distribution order of the acetate group is C6 > C3 > C2
in CAj43... Another CA, CA, 4., is an industrial product and synthesized by a heterogeneous method, thus the
distribution order of the acetate group is C3 > C2 > C6 proven by the *C-NMR spectrum!*”).

XRD spectra of pure cellulose and four CAs are shown in Fig. 2. In XRD spectra of homogenously
synthesized CAs, diffraction peaks of cellulose at 14.9° (101), 16.5°(101) and 22.6° (002) disappear, and there
are only wide diffraction peaks. The results suggest that all of the homogenously synthesized CAs are
amorphous. In comparison to them, heterogeneously synthesized CA, 49, has relatively strong diffraction peaks
at 10° and 17.5°, which confirm that CA, 4o is partially crystalline.
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Fig. 1 BC-NMR spectrum of CA, 43., and the distribution of substituents in CA; 43., and CAj 49.p.
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Fig. 2 XRD spectra of cellulose and CAs

The crystal phase transformation of CAs has been investigated also by DSC (Fig. 3). In DSC curves of
homogenously synthesized CAs, there is only a glass transition. In the second heating run, the glass transition
temperatures (7,) are recorded. From Fig. 3(b), we can see that the 7, slightly decreases as the DS increases. The
heterogeneously synthesized CA, 4., exhibits a crystal melting peak at 232.9 °C in the first heating run of DSC.
In the second heating run, the crystal melting peak becomes very small and the 7, is similar to that of CA; 43.,.
These phenomena confirm homogenously synthesized CAs are amorphous, while CA, 49 exhibits a partial
crystal structure, which is in accordance with the XRD results. Because high T, and crystallinity are unfavorable
to gas molecule permeation, the gas permeabilities of homogenously synthesized CAs should increase as the DS
increases and be better than that of CAj 49.p.

The results of gas permeability test support the above conjecture. As the DS of homogeneously synthesized
CAs increases, gas permeability coefficients (P) for all the five gases increase (Table 2). P of CA,s,., is almost 2
times of CAj75,. And, for almost all the gases, the P of CA,4;, and CA,g ., is higher than that of
heterogeneously synthesized CA.
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Fig. 3 DSC curves of CAs: (a) the first heating run and (b) the second heating run
Table 2. Gas permeabilities of CAs, CP, 73, CB, g3 and CABs
0, N, CH,4 CO CO,

S It T, (°C

ampres O 0 P s b P s D P s D P s D
CA| 754 205.5 0.68 0.44 1.53 0.2 028 0.72 0.16 032 050 0.21 0.37 056 221 8.50 0.26
CAz43a 187.6 1.04 041 2.51 0.37 048 077 0.16 039 041 026 036 072 421 8.77 0.48
CAz8 185.7 134 044 3.02 042 027 1.58 028 0.14 198 044 025 1.79 493 822 0.60
CAz400 187.2 076 028 273 023 020 1.17 0.16 034 047 024 0.22 1.09 248 886 0.28

CP,73 149.8 422 041 10.3 1.23 0.19 6.6 1.11 - - 1.51 0.18 8.59  23.1 526 4.39

CBss3 101.5 8.70 020 44.6 3.7 0.18 203 6.3 023 274 - - - 60.0 2.54 236
CAy3B2s 114.3 13.7 037 370 728 040 182 8.61 0.43 19.8  6.00 0.18 334 743 3.3l 224
CAysB2o 122.4 11.3 0.35 32.5 5.41 0.43 12.6 588 045 13.0 435 0.19 23.1 58.3 3.74 15.6
CA 3By 142.5 5.30  0.81 6.55 230 089 258 236 044 534 202 038 531 31.6 - -
CA 1 9Bos 171.9 1.57  0.20 8.0 0.34 0.17 197 040 048 083 046 0.16 295 839 1711 1.18

Note: The unit of P: barrer; 1 barrer = 1 x 10™'° cm® (STP)-cm/(cm?-s-ecmHg). The unit of S: 10~ ¢cm® (STP)/(cm®-cmHg).
The unit of D: 107 cm%s.

Based on the dissolution-diffusion mechanism of gas permeation, gas molecules first dissolve in the
membrane and then diffuse through the membrane. The solubility coefficient (S) and diffusion coefficient (D)
are two important factors influencing gas permeability. According to the results listed in Table 2, the S of
homogeneously synthesized CAs shows relatively small change as the DS increases, and is slightly higher than
that of heterogeneously synthesized CA; 40, because the S is mainly dependent on the crystallinity of membrane
materials. The D for all five gases increases significantly as the DS increases, because the D is relevant to the
chain segmental mobility, which is reflected by the 7, value. Thus, the D plays a major role in improving gas
permeability of homogeneously synthesized CAs.

Comparing the D of CA; 43., with that of CA, 4., we find that the D of CA; 4;., is larger for gases with small
dynamics diameter (e.g. CO,) than that of CA, 49.,, while smaller for gases with large dynamics diameter (O, N»,
CH,, CO). Therefore, we can deduce that homogeneously synthesized CA maybe has different microstructure
from heterogeneously synthesized CA, which is more favorable to permselectivity.

The ideal permselectivities () of CAs are calculated and shown in Table 3. For homogeneously
synthesized CAs, the ideal permselectivity increases first and then slightly decreases as DS increases. CA;43.,
performs the best permselectivity. In comparison to CA; 405, CAs43., has better ideal permselectivity, probably
due to its different packed microstructure of polymer chains. For example, the o/, ;¢;;, 0f CAz 43, reaches 26.3,

while that of CA; 49., only 15.5.
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Table 3. Ideal permselectivities of CAs, CP, 73, CB, 43 and CABs

Ideal

peﬁnselectivity aOZ /H, aCOZ/HQ aCOZ /CHy aNZ/CH4 aCOz /CO
CA 754 3.4 6.2 7.8 13 5.9
CAra3a 2.8 114 26.3 23 16.2
CArsra 3.2 11.7 17.6 1.5 112
CAs a0 33 10.8 15.5 1.4 10.3
CP» 13 3.4 18.8 20.8 1.11 15.3
CB, g 23 16.2 9.5 0.58 -
CAysBasg 1.9 10.2 8.6 0.8 12.4
CAosBao 2.1 10.8 9.9 0.9 13.4
CA, 3B s 23 13.7 13.4 1 15.6
CA, ¢Bos 4.6 24.7 21.0 0.85 18.2

The Influence of Chain Length of Aliphatate Substituents on Gas Permeability

Cellulose propionate (CP,73) and cellulose butyrate (CB,g;) with DS of 2.73 and 2.83 respectively are
homogeneously synthesized in AmimCl. The influence of aliphatate chain length of aliphatate substituent on gas
permeability of cellulose esters is studied by comparing CA, g,.,, CP, 73 and CB, g3.

From XRD spectra (Fig. 4a), we can see that cellulose aliphatates with long aliphatate chains in aliphatic
substituents have strong crystallization diffraction peaks. CA,g,., has no obvious diffraction peak, while CP;7;
shows strong diffraction peaks at 7.2° and 20.0°, and CB,g; at 6.7° and 20.0°. These results indicate that CP, 73
and CB,g; are crystalline, while CA, g,., is amorphous.

The T, of cellulose aliphatates decreases obviously as the aliphatate chain length of substituent increases
(Fig. 4b). The T, of CA;;.,, CP5 73 and CB, g3 appears at 185 °C, 148.5 °C and 90.6 °C respectively. Because the
T, could reflect the chain segment mobility which is related to the diffusion of gas molecules, the gas diffusion
coefficients (D) of CA;g.., CP,73 and CB, g3 should increase in turn.

a b
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CB2_83 \_/\——__/

CP;73 ‘

CAr 8.
N \ﬁ/
Cellulose
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Fig. 4 (a) XRD spectra and (b) DSC curves of CA; g;.,, CP,73 and CBg;.
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The gas permeabilities (P), diffusion coefficient (D) and solubility coefficient (S) of CAj 4., CPy73 and
CB,g; are shown in Table 2. It can be seen that the P exhibits an obvious improvement with the increase of
aliphatate chain length in aliphatate substituents. The P of CP, ;3 is more than 3 times that of CA,g,.,, and P of
CB,g; is more than 6 times that of CA,g,,. Notably, PCH4 and F.,; of CByg; are 22 and 12 times those of

CA, 5., respectively, which is in accordance with the typical theory of group contribution. The D increases also
as the aliphatate chain length increases, which has been forecasted according to the above T, results. Because
CP,7; and CB,g; have high crystallinity, the S decreases as the aliphatate chain length increases, which is
unfavorable to the improvement of P.
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Compared with CA,g,.,, the ideal permselectivity () of CP, ;3 significantly increases (Table 3), especially
in the separation of CO,/N, and CO,/CO. But, if the aliphatate chain length further increases, the ¢ decreases.
Interestingly, the onpcus of CBs g3 (0.58) is much smaller than that of CA, g, and CP, 73 (above 1), that is to say,
CB,g; exhibits higher gas permeability for CH, than for N, while CA, g, and CP, 73 are just the opposite. The
higher permeability of CB for CH, may be explained by the improvement of the miscibility between CH,and CB
induced by increased aliphatate chain length.

Cellulose Mixed Esters with Tunable Gas Permeability
Based on the above results, the long butyrate group has the most advantage in the improvement of D, but
disadvantage in the S, due to low T, and high crystallinity. In order to further improve P, a series of cellulose
acetate butyrate mixed esters (CAB) are synthesized to reduce the crystallinity. The DS of acetate group (DS,4) is
varied from 0.3 to 1.9, and the DS of butyrate group (DSg) from 0.6 to 2.6.

From XRD spectra (Fig. 5), it is clear that, as the DS, increases, two diffraction peaks of CABs at 8° and
20° become weak obviously. Therefore, the S of CABs should increase in comparison to CB, g3. However, the 7,
of CABs increases with the increase of DS,, which means the D of CABs maybe decrease in comparison to
CB»ss.

b CAjr 8.,
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Fig. 5 (a) XRD spectra and (b) DSC curves of CABs and CB, ;.

As a result, in comparison to CB,g;, the P of CABs increases dramatically first and decreases then, while
the o decreases slightly first and increases then, as the DS, increases (Table 3). The CA( 3B, gives the highest
gas permeability, and the CA; 9By ¢ has the best gas permselectivity.

CONCLUSIONS

The relationships between chemical structures and gas permeabilities of cellulose aliphatate esters are
investigated by changing the type, degree of substitution (DS) and distribution of substituents in cellulose esters.
It has demonstrated that gas permeability of cellulose acetate increases as the DS increasing. At the similar DS
value, homogeneously synthesized CA has higher gas permeability and better ideal permselectivity than those of
heterogeneously synthesized CA. Compared with the distribution of acetate groups of C3 > C2 > C6 in
heterogeneously synthesized CA, acetate distribution C6 > C3 > C2 in homogeneously synthesized CA may be
lead to the formation of different packed microstructure of polymer chains, which is more favorable to the
improvement of gas permeability. Gas permeability coefficient (P) of cellulose aliphatate esters is significantly
enhanced with the increase of aliphatate substituent’s chain length. The improvement of diffusion coefficient (D)
plays a major role in the enhancement of P. Cellulose mixed esters CAB synthesized by introducing acetate and
butyrate simultaneously show tunable gas permeability and permselectivity. By adjusting the DS of the acetate
substituent and butyrate substituent, the CAB exhibits higher gas permeability or better permselectivity than
individual CA or CB.



8 J. Chen et al.

REFERENCES

1 Basu, S., Khan, A.L., Angels, C.O., Liu, C.Q. and Vankelecom, I.F.J., Chem. Soc. Rev., 2010, 39: 750

2 Guiver, M.D. and Lee, Y.M., Science, 2013, 339: 284

3 Yampolskii, Y., Macromolecules, 2012, 45: 3298

4 Park, J.Y. and Paul, D.R., J. Memb. Sci., 1997, 125: 23

5 Li, J.T., Wang, S.C., Nagai, K., Nakagawa, T. and Albert, W.H., J. Memb. Sci., 1998, 138: 143

6 Klemm, D.H., Heublein, B., Fink, H.P. and Bohn, A., Angew. Chem. Int. Ed., 2005, 44: 3358

7 Nakai, Y., Yoshimizu, H. and Tsujita, Y., J. Memb. Sci., 2005, 256: 72

8 Fareha, Z.K., Toshikazu, S., Masashi, S., Yoshiyuki, N. and Toshio, M., Macromolecules, 2006, 39: 9208
9 Bernardo, P., Drioli, E. and Golemme, G., Ind. Eng. Chem. Res., 2009, 48: 4638

—
(=]

Wang,Y. and Easteal, J.A., J. Memb. Sci., 1999, 157: 53

Fareha, Z.K., Masashi, K., Yoshiyuki, N., and Toshio, M., J. Memb. Sci., 2008, 312: 207

Ryuhei, M., Fareha, Z.K., Toshikazu, S., Masashi, S., Yoshiyuki, N. and Toshio, M., J. Memb. Sci., 2007, 305: 136
Liebert, T.F. and Heinze, T., Biomacromolecules, 2005, 6: 333

Heinze, T., Pohl, M., Schaller, J. and Meister, F., Macromol. Biosci., 2007, 7: 1225

Fox, S.C., Li, B., Xu, D.Q. and Edgar, J.K., Biomacromolecules, 2011, 12: 1956

Welton, T., Chem. Rev., 1999, 99: 2071

Pinkert, A., Marsh, K.N., Pang, S.S. and Staiger, M.P., Chem. Rev., 2009, 109: 6712

Cao, Y., Wu, J., Zhang, J., Li, H.Q., He, J.S. and Zhang, Y., Chem. Eng. J., 2009, 147: 13

Thomas, H., Katrin, S. and Susann, B., Macromol. Biosci., 2005, 5: 520

Meng, T., Gao, X., Zhang, J., Yuan, J.Y., Zhang, Y.Z. and He, J.S., Polymer, 2009, 50: 447

Xu, D.Q., Li, B., Tate, C. and Edgar, J.K., Cellulose, 2011, 18: 405

Erdmenger, T., Haensch, C., Hoogenboom, R. and Schubert, S.U., Macromol. Biosci., 2007, 7: 440
Zhang, .M., Wu, J., Zhang, J. and He, J.S., Cellulose, 2009, 16: 299

Gericke, M., Fardim, P. and Heinze, T., Molecules, 2012, 17: 7458

Kohler, S. and Heinze, T., Cellulose, 2007, 14: 489

Liu, C.F., Sun, R.C., Zhang, A.P. and Ren, J.L., Carbohydr. Polym., 2007, 68: 17

Zhang, H., Wu, J., Zhang, J. and He, J.S., Macromolecules, 2005, 38: 8272

Goodlett, V.W., Dougherty, J.T. and Patton, H.W., J. Polym. Sci. Part A-1: Polym. Chem., 1971, 9: 155
Gantzel, P.K. and Merten, U., Ind. Eng. Chem. Process Des. Dev., 1970, 9: 331

Wu, J., Zhang, J., Zhang, H. and He, J.S., Biomacromolecules, 2004, 5: 266

W N N NN NN N NN DN = = e = e e e e
S O 0 9NN bR WD = O 0O 0NN R W~




<<
  /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


