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1 1. INTRODUCTION

Dimethyl carbonate (DMC) is an environmentally
benign chemical product and unique intermediate
with versatile chemical reactivity [1]. The direct oxi�
dative carbonylation of methanol with CO and О2 to
DMC in a liquid�phase slurry process has been indus�
trially employed by using cuprous chloride as catalyst
[2]. The existence of Cl– in aqueous media, under the
condition of the redox of Cu, was revealed to induce
severe corrosion to metallic materials along with cata�
lyst deactivation. Attempts have been made to develop
alternative catalyst systems, mainly including sup�
ported CuCl or CuCl2 catalysts [3, 4]. On the other
hand, a one�step vapor phase process was subse�
quently developed and considered to be more desir�
able because it has been found almost free from corro�
sion [5], However, the CuCl2/AC catalyst suffered
deactivation due to loss of chloride [6]. The catalyst
structure changed together with the removal of chlo�
ride anions during the catalytic reaction, CuCl2 and
CuCl species seemed to be converted to Cu–Cl–OH
compounds. It was found that maintaining these com�
pounds on the surface of activated carbon appeared to
be helpful to selective DMC synthesis.

Supported Wacker�type catalyst PdCl2–CuCl2–
CH3COOK/AC was recently investigated, it was found
that the activated carbon supports pretreated with
H2O and KOH or H2 reduction could promote the for�
mation of Cu2(OH)3Cl, which was recognized as the
active phase over the catalysts [7]. An excellent corre�
lation was further observed between the intensity of
X�ray diffraction (XRD) reflections of Cu2(OH)3Cl
and the space—time yield for DMC production. It

1 The article is published in the original.

was reported that two different crystal habits of
Cu2(OH)3Cl, α�type and γ�type were observed during
the preparation of CuCl2/NaOH/AC catalysts, the
Cu2(OH)3Cl phase changed from α�type to γ�type
with increasing OH/Cl molar ratios [8]. The improved
performance of the catalysts was related with the exist�
ence of Cu2(OH)3Cl, the γ�type catalyst was consid�
ered to be more favorable to DMC synthesis than the
α�type catalyst [9]. Together, these previous studies
indicated that there might be a correlation between the
remarkable compound γ�Cu2(OH)3Cl and DMC pro�
ductivity. However, the mechanism of γ�Cu2(OH)3Cl
formation has not been clarified. Moreover, the corre�
lation between γ�Cu2(OH)3Cl and intrinsic catalytic
performance remains ambiguous.

We have recently studied the interaction between
CuCl and the oxide support of CuCl/SiO2–TiO2 cata�
lysts for the synthesis of DMC using quantum
mechanical methods (DFT). The calculation results
show that supporting CuCl on silica�titania mixed
oxides surface can lead to enhanced methanol oxida�
tive carbonylation activity and improved catalyst sta�
bility due to the formation of Cu–O coordination
bonds [10]. In the present work, in order to elucidate
the above two problems, the SiO2–TiO2 supported
CuCl catalysts along with the compound
γ�Cu2(OH)3Cl were prepared and their catalytic per�
formances for the oxidative carbonylation of methanol
have been investigated in the liquid�phase reaction.
The influence of γ�Cu2(OH)3Cl on the catalytic per�
formance of CuCl/SiO2�TiO2 was discussed, and the
formation mechanism and role of γ�Cu2(OH)3Cl in
this reaction was proposed and confirmed by experi�
ment.
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2. EXPERIMENTAL

2.1. Preparation of CuCl/SiO2�TiO2 Catalysts

The silica�titania support with a Si/Ti ratio of 10
was prepared by following the method described in the
previous paper [11]. The support was mixed with CuCl
(weight ratio: 80/20) and calcined at 550оС in a tube
oven under N2 atmosphere for 3 h followed by cooling
to room temperature, then the CuCl/SiO2–TiO2 cata�
lyst was obtained.

2.2. Preparation of γ�Cu2(OH)3Cl

γ�Cu2(OH)3Cl was synthesized by two separate
routes. Route 1: Treating CuO and CuCl2 ⋅ 2H2O in a
hydrothermal process [12], the slurry was mixed using
a magnetic stirrer in a round bottomed flask for 24 h.
The precipitate was collected, washed and dried at
80°С for 1.5 h and the resulting powder was repre�
sented as sample “A.” Route 2: A saturated solution
was prepared with 30 g NaCl dissolving in 100 ml
water, and then CuCl was immersed. The solution was
transferred into a three�necked bottle when its color
had become yellow, then air was introduced and the
system was kept in a hot�bath of 70°С for 7–8 h under
stirring conditions. The product was washed, filtered
and dried at 90°С overnight; the resultant powder was
represented as sample “B.”

2.3. Catalytic Reaction and Analytical Procedures

The catalytic reaction was performed in a 250 ml
autoclave according to the following procedure: 50 ml
of methanol, which served as the substrate and solvent,
and catalyst powders (2.0 g) were added in the auto�
clave. Then, CO (1.6 MPa) and О2 (0.8 MPa) were
introduced. After reaction at 140°С for 1.5 h, concen�
trations of DMC, methanol, dimethoxymethane
(DMM) and methyl formate (MF) were analyzed by
gas chromatography. The blank test was also per�
formed under catalyst�free condition for comparison.

2.4. XRD Analysis

X�ray diffraction (XRD) data were recorded on a
Rigaku D/max 2500 diffractometer using CuK

α
 radia�

tion (40 kV and 100 mA) over a 2θ range of 10°–65° at
a scanning rate of 1 deg/min.

3. RESULTS AND DISCUSSION

3.1. Catalytic Activity of CuCl/SiO2�TiO2

Table 1 gives the results of catalytic tests on the
CuCl/SiO2�TiO2 catalyst through three successive
recycle runs after filtration and washing with metha�
nol. The products derived from methanol included
DMC, DMM and MF. The freshly prepared catalyst
gave a methanol conversion of 7.68% and DMC selec�
tivity of 83.35%, and an obvious decrease in activity
and selectivity was observed after successive recycling
of the catalyst. In its first recycling use, methanol con�
version and DMC selectivity dropped to 6.85 and
72.61%, respectively. During the second and third
recycling, DMC selectivity eventually decreased to
69.99 and 65.36% with further decline in methanol
conversion.

3.2. Crystalline Structure of CuCl/SiO2–TiO2
before and after Reaction

Figure 1 presents XRD patterns of the fresh and the
recycled CuCl/SiO2–TiO2 catalysts. In all cases, a
broad diffraction peak at approximately 23° was
obtained, which was believed to be due to amorphous
supports, SiO2–TiO2 mixed oxide. For the fresh cata�
lyst, regardless of the broad diffraction peak, very weak
diffraction peaks corresponding to CuCl were
detected, revealing that CuCl was well dispersed on
the surface of SiO2–TiO2 support through heat treat�
ment under N2 atmosphere. The elemental analysis
results showed that the as�prepared CuCl/SiO2–TiO2
catalyst contained 5.85 wt % Cu and 2.93 wt % Cl,
suggesting that a great part of CuCl was lost by subli�
mation during the procedure of catalyst preparation
(The theoretical concentrations of Cu and CI were
12.83 wt % and 7.17 wt %, respectively). The Cu/Cl
mol ratio in the catalyst was 1.12. It was therefore

     
Table 1.  Catalytic activities of the CuCl/SiO2–TiO2 catalysta

Sample DMC, wt % DMM, wt % MF, wt % , mol % , mol %
STYd,

gDMC  h–1
Grain size

of γ�Cu2(OH)3Cle, nm

Fresh 8.79 0.93 0.07 7.68 83.35 1.17 –

1st recycle 6.88 1.34 0.15 6.85 72.61 0.92 21

2nd recycle 5.71 1.28 0.12 5.87 69.99 0.76 46

3rd recycle 4.64 1.28 0.13 5.10 65.36 0.62 56

Note: a Reaction conditions: MeOH/CO/O2 = 19.13/2/1(mol/mol/mol), Wcat. = 2.0 g, Temperature = 140°C. Pressure = 2.4 MPa. Reaction
time (t) = 1.5 h. b MeOH conversion = Produced (DMC + DMM + MF)/MeOH. c DMC selectivity (based on MeOH) = DMC/(DMC +
DMM + MF). d DMC space�time yield = (MeOH conversion)(DMC selectivity)/(tWcat.). e Calculated from the Scherrer equation. 
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believed that most of copper was presented in the form
of CuCl crystalline phase. As can be seen from Fig. 1,
the diffraction peaks of CuCl disappeared after reac�
tion, but weak diffraction peaks corresponding to
γ�Cu2(OH)3Cl were clearly observed. One possible
explanation is that CuCl has been partly converted
into γ�Cu2(OH)3Cl during the catalytic reaction. Sim�
ilar results were reported for the CuCl2/AC catalysts by
Tomishige [6], in which methanol was suggested to
promote the structural change of the catalyst. It can be
further observed that the diffraction peaks attributed
to γ�Cu2(OH)3Cl became higher with increasing recy�
cling of the catalyst, which may be related to the
growth of crystals.

The grain size of γ�Cu2(OH)3Cl were calculated
based on the Scherrer equation and given in Table 1.
As can be seen, DMC space�time yield became lower
and the grain size of γ�Cu2(OH)3Cl crystals became
larger as recycling increased. For the fresh catalyst,

DMC space�time yield reached 117 . In
its first recycling use, DMC space�time yield

decreased to 0.92  and the γ�Cu2(OH)3Cl
crystal with an average grain size of about 21 nm was
formed. In the second and third recycling, DMC space�

time yield dropped from 0.76 to 0.62 ,

− −1 1
DMC Catg g h

− −1 1
DMC Catg g h

− −1 1
DMC Catg g h

respectively. Whereas, the grain size of γ�Cu2(OH)3Cl
crystals increased from 46 to 56 nm.

3.3. Characterization and Catalytic Performance
of γ�Cu2(OH)3Cl

Figure 2 shows XRD patterns of two γ�Cu2(OH)3Cl
samples, A and B. The characteristic diffraction peaks
of γ�Cu2(OH)3Cl crystals were clearly observed in both
samples. In addition, very weak reflections corre�
sponding to the α�Cu2(OH)3Cl phase were also
detected, showing that the resulting powders were pre�
dominantly in the form of γ�Cu2(OH)3Cl crystal with a
thimbleful of α�Cu2(OH)3Cl crystal concomitant.

Previous studies have shown that the Cu2(OH)3Cl
phase was perhaps formed during the catalytic reac�
tion [6]. Furthermore, it could also be generated in the
procedures of catalyst preparation. Yang [7] and Han
[8, 9] reported that Cu2(OH)3Cl was detected on the
surface of freshly prepared Wacker�type catalysts and
CuCl2/NaOH/AC catalysts. For supported Wacker�
type catalysts, proper treatment of the carbon supports
could promote the formation of Cu2(OH)3Cl, which
was believed to be responsible for the improved cata�
lytic performance for DMC synthesis [7]. The surface
phase was revealed to change from α�Cu2(OH)3Cl to
γ�Cu2(OH)3Cl with increase of OH/Cu molar ratio in
CuCl2/NaOH/AC catalysts and γ�Cu2(OH)3Cl was
considered to more favorable to DMC synthesis than
α�Cu2(OH)3Cl [8, 9].

In order to gain further insight into the intrinsic
properties, the catalytic performance of the
γ�Cu2(OH)3Cl crystals for the oxidative carbonylation of
methanol was studied. Table 2 gives the results of cata�
lytic tests on γ�Cu2(OH)3Cl, together with the data
obtained in the blank test. Both γ�Cu2(OH)3Cl sample A
and B exhibited very poor catalytic performance and

605040302010
2θ, deg

In
te

n
si

ty
, 

au
CuCl
γ�Cu2(OH)3Cl

4

2

3

1

Fig. 1. XRD patterns of the fresh and the recycled
CuCl/SiO2�TiO2 catalysts. (1) Fresh, (2) 1st recycle, (3)
2nd recycle, (4) 3rd recycle.
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Fig. 2. XRD patterns of γ�Cu2(OH)3Cl samples prepared
by two separate routes: (A) CuCl2 + CuO + H2O;
(B) CuCl + H2O + O2.
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were nearly inert to the reaction. As can be seen, the
CH3OH conversion was not more than 1.0% with the
DMC selectivity below 53%, and the space�time yield
of DMC maintained between 0.05 and

0.08 , almost the same activity as the
blank test. These results strongly suggested that
γ�Cu2(OH)3Cl was carbonylation inactive. In this case,
it becomes difficult to explain the improved catalytic
performance of Wacker�type catalysts [7] and
CuCl2/NaOH/AC catalysts [8, 9].

The redox capability of Cu species between Cu2+

and Cu+ was considered to be important for the
enhancement in reaction rate in the oxidative carbon�
ylation of methanol to DMC [2, 13], and the factors
that could accelerate the redox cycle of the active cen�
ters would be beneficial for the reaction rate. In the
present work, the γ�Cu2(OH)3Cl crystals were found
almost completely insoluble in the reaction mixture
and only presented as a suspension. In addition, no
weight loss could be detected after reaction.

In order to better understand its stability in the
reaction system, the crystal structures and textural
properties of γ�Cu2(OH)3Cl powder were studied
before and after reaction. Almost the same XRD pat�
terns were obtained before and after reaction, suggest�
ing that the crystal structure was not transformed
through catalytic reaction. From these results, it was
obvious that the γ�Cu2(OH)3Cl crystal was highly sta�
ble in the reaction system at 140оС and 2.4 MPa under
vigorous stirring. These findings provided further con�
firmation for high stability of γ�Cu2(OH)3Cl under the
reaction conditions. The synthesis of DMC from
methanol, CO and О2 mainly relied on the redox reac�
tions between Cu+/Cu2+ [2]. Therefore, it is con�
cluded that the compound γ�Cu2(OH)3Cl having lim�
ited or no activity may be attributed to the high stabil�
ity of Cu2+, which resisted the reduction under the
reaction conditions and could not form active inter�
mediate responsible for the CO insertion [14].

3.4. Formation and role of γ�Cu2(OH)3Cl

The γ�Cu2(OH)3Cl crystals were formed over
CuCl/SiO2–TiO2 catalysts after being used in the oxi�
dative carbonylation of methanol; moreover, catalyst
recycling led to a significant loss of catalytic activity.
These results suggested that the active species, CuCl

− −1 1
DMC Catg g h

was perhaps partly converted into γ�Cu2(OH)3Cl dur�
ing the reaction.

DMC is catalytically synthesized by the reaction of
oxidative carbonylation of methanol as shown in
Eq. (1):

. (1)

As displayed in Eq. (1), formation of DMC mole�
cule from СН3ОН and CO gives equimolar amounts
of water. If the by�product water can not be removed
from the reaction system, water is always present in
increasing amounts as the reaction proceeds. It has
been reported that when CuCl is placed at a situation
with the existence of О2 and H2O, the following reac�
tion perhaps takes place and results in the formation of
γ�Cu2(OH)3Cl [15], as indicated by Eq. (2):

(2)

This finding has been confirmed by Bell et al. [16] in
the preparation of Cu�ZSM�5 catalysts for the synthe�
sis of DMC by Solid�state ion exchange of H�ZSM�5
with CuCl.

In the oxidative carbonylation of methanol, CuCl
serves as active species, and O2 is the reagent gas. Since
by�product water is produced during the reaction, it
can be concluded that side reaction may be induced as
shown in Eq. (2) and lead to the formation of
γ�Cu2(OH)3Cl. In order to confirm this inference,
experiments might also be operative and were carried
out as described in route 2. The XRD patterns shown
in Fig. 2 displayed that the resulting compound, sam�
ple B was mainly in the form of γ�Cu2(OH)3Cl. Thus,
this result has provided a powerful confirmation for
the formation of γ�Cu2(OH)3Cl.

From the Eq. (2), we can see that active species
CuCl is transformed into inactive γ�Cu2(OH)3Cl phase
for methanol oxidative carbonylation associated with
loss of chloride. Accordingly, it is believed that the for�
mation of γ�Cu2(OH)3Cl must be the intrinsic factor
leading to catalyst deactivation. Moreover, according
to Eq. (2), the higher the DMC yield is achieved, the
more water is produced and kept in the reactor. As a
result, higher water content means more significant
formation of γ�Cu2(OH)3Cl [17].

From above discussion, the water formation and
the loss of chlorides may be the intrinsic reasons for

( )+ + → +3 2 3 22
2CH OH CO 5O CH O CO H O0.

( )
+ −

+ +

→ + +

2 2

2 3

4CuCl O 4H O

2Cu OH Cl 2H 2Cl .

      
Table 2.  Catalytic performance of γ�Cu2(OH)3Cl in DMC synthesisa

Sample DMC, wt % DMM, wt % MF, wt % , mol % , mol % STYb, gDMC  h–1

Blank 0.43 0.23 0.41 1.00 30.65 0.06

A 0.40 0.26 0.30 0.92 31.16 0.05

B 0.61 0.07 0.30 0.82 52.42 0.08

Note: a As in Table 1. b As in Table 1.
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the catalyst deactivation. This conclusion has been
supported by the results of previous studies, that an
improved catalytic activity and decreased deactivation
rate of the catalyst could be attained by adding chlo�
ride sources (R4NC) [18] and chloride ionic liquids
[19] to the reaction system. In addition, we think that
perhaps this problem can also be solved by adding
water removing solids (zeolites and others). The dried
zeolite is suggested to efficiently protect the catalyst
from the fast deactivation.

4. CONCLUSIONS

The γ�Cu2(OH)3Cl crystals were formed on
CuCl/SiO2–TiO2 catalysts in the synthesis of DMC by
liquid phase oxidative carbonylation of methanol. It
was revealed that the formation of γ�Cu2(OH)3Cl was
due to active CuCl reacting with О2 and by�product
water. The catalytic tests indicated that γ�Cu2(OH)3Cl
was essentially inactive for this reaction. It could be
attributed to its high stability that resisted the reduc�
tion of Cu2+ under the reaction conditions and could
not form active intermediate.

ACKNOWLEDGMENT

We are grateful for the financial support from the
National Natural Science Foundation of China
(20606022), the National Basic Research Program of
China (2005 CB221204) and the Natural Science
Foundation for Young Scientists of Shanxi Province,
China (20051008).

REFERENCES

1. Delledonne, D., Rivetti, F., and Romano, U., Appl.
Catal., A, 2001, vol. 221, nos. 1–2, p. 241.

2. Romano, U., Tese, R., Mauri, M.M., and Rebora, P.,
Ind. Eng. Chem. Res., 1980, vol. 19, no. 3, p. 396.

3. Cao, Y., Hu, J.C., Yang, P., Dai, W.L., and Fan, K.N.,
Chem. Commun., 2003, no. 7, p. 908.

4. Sato, Y., Kagotani, M., Yamamoto, T., and Souma, Y.,
Appl. Catal., A, 1999, vol. 185, no. 2, p. 219.

5. Itoh, H., Watanabe, Y., Mori, K., and Umino, H.,
Green Chem., 2003, vol. 10, no. 5, p. 558.

6. Tomishige, K., Sakaihori, T., Sakai, S.I., and
Fujimoto, K., Appl. Catal., A, 1999, vol. 181, no. 1,
p. 95.

7. Yang, P., Cao, Y., Dai, W.L., Deng, J.F., and Fan, K.N.,
Appl. Catal., A, 2003, vol. 243, no. 2, p. 323.

8. Han, M.S., Lee, B.G., Suh, I., Kim, H.S., Ahn, B.S.,
and Hong, S.I., J. Mol. Catal. A: Chem., 2001, vol. 170,
nos. 1–2, p. 225.

9. Han, M.S., Lee, B.G., Ahn, B.S., Kim, H.S.,
Moon, D.J., and Hong, S.I., J. Mol. Catal. A: Chem.,
2003, vol. 203, nos. 1–2, p. 137.

10. Ren, J., Li, Z., Liu, S.S., and Xie, K.C. (in press).
11. Ren, J., Li, Z., Liu, S.S., Xing, Y.L., and Xie, K.C.,

Catal. Lett., 2008, vol. 124, nos. 3–4, p. 185.
12. Strandberg, H., Atmos. Environ., 1998, vol. 32, no. 20,

p. 3511.
13. Yuan, Y.Z., Cao, W., and Weng, W.Z., J. Catal., 2004,

vol. 228, no. 2, p. 311.
14. King, S.T., Catal. Today, 1997, vol. 33, nos. 1–3, p. 173.
15. Scott, D.A. and Dodd, L.S., J. Cult. Herit, 2002, vol. 3,

no. 4, p. 333.
16. Zhang, Y.H., Drake, I.J., and Bell, A.T., Chem. Mater.,

2006, vol. 18, no. 9, p. 2347.
17. Kricsfalussy, Z., Waldmann, H., and Traenckner, H.J.,

Ind. Eng. Chem. Res., 1998, vol. 37, no. 3, p. 865.
18. Raab, V., Merz, M., and Sundermeyer, J., J. Mol. Catal.

A: Chem., 2001, vol. 175, nos. 1–2, p. 51.
19. Dong, W.S., Zhou, X.S., Xin, C.S., Liu, C.L., and

Liu, Z.T., Appl. Catal., A, 2008, vol. 334, nos. 1–2,
p. 100.



<<
  /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 /Warning
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


