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Abstract The synthesis of cubic mesoporous material
MCM-48 has been simplified and can be accomplished via
facile hydrothermal synthesis using convenient commer-
cial reagents. The cubic structure evolves from the initially
formed hexagonal MCM-41 and undergoes slow conversion
to the lamellar MCM-50 precursor. The system was sam-
pled at 1 hr intervals and the intermediate products charac-
terized by elemental analysis, X-ray powder diffraction and
adsorption. The results are discussed from the standpoint of
possible mechanisms of MCM-48 generation.

Keywords MCM-48 facile synthesis · MCM-48 phase
conversions · MCM-41 · M41 family

1 Introduction

Following discovery of the M41S family of mesoporous ma-
terials (Kresge et al. 1992) it was found that such materials
were formed readily in the presence of surfactants under va-
riety of conditions (Vartuli et al. 1994; Monnier et al. 1993;
Roth and Vartuli 2005). However, synthesis of high quality
stable products with well defined structures like the hexago-
nal MCM-41 and cubic MCM-48 required more demanding
conditions and sometimes special reagents (Roth and Var-
tuli 2005). MCM-41 was quickly available through conve-
nient preparation methods but it took over 5 years to iden-
tify reliable and comparably facile synthesis procedure for
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MCM-48 (Liu et al. 2001; Sayari 2000; Roth 2000). The cu-
bic phase was also intriguing and puzzling from the stand-
point of formation mechanism. While MCM-41 assembly
via rod-like micelles represented a viable pathway, the pack-
ing of short elongated surfactant aggregates to convert cor-
responding channels (in MCM-48) into regular and intricate
3-D assemblies was more problematic. It became evi-
dent that the cooperative self-assembly (Monnier et al.
1993), which lacks specificity of micelle packing mech-
anism, must be accepted as the best description avail-
able.

As a large pore material with well defined 3-D chan-
nel system, MCM-48 offered a significant potential, possi-
bly superior to MCM-41, as a catalyst and adsorbent (Al-
fredsson and Anderson 1996; Anderson 1997; Kaneda et al.
2002). Its testing and characterization were delayed because
of sample availability due to synthesis reliability problems.
MCM-48 was initially obtained using surfactant in the hy-
droxide form and silicon alkoxide, tetraethylorthosilicate,
TEOS, with controlled hydrolysis of the latter (Vartuli et al.
1994). Both reagents were the primary targets for possi-
ble replacement because of cost, hazard and/or availabil-
ity and because the overall approach was hardly suitable
for routine preparations and scale-up. Thus, preparation of
MCM-48 with sources such as solubilized, colloidal or solid
silica and commercial surfactant salts were considered of
high priority. The improvements in MCM-48 synthesis were
gradual (Roth 2000) until around 2000 several reports de-
scribed reproducible synthesis of MCM-48 using common
reagents and standard synthesis conditions (Liu et al. 2001;
Sayari 2000; Roth 2000). Recently a fast and efficient syn-
thesis of MCM-48 with TEOS has been reported (Boote
et al. 2007).
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Fig. 1 Indexed XRD patterns of
MCM-48 (upper) and MCM-41
(lower) in the studied system

We observed MCM-48 formation in a simple synthe-
sis mixture comprising silica solid, surfactant chloride
(cetyltrimethylammonium chloride, CTMA-Cl) and tetram-
ethylammonium hydroxide (TMA-OH) as mineralizer (Roth
and Vartuli 2001). All three are convenient commercial
reagents. This mixture afforded high quality MCM-41 when
the Si/surfactant ratio was around 5–6 while at Si/surfactant
∼4 MCM-48 was favored. With regard to MCM-41 the
synthesis method (Roth 1998; Roth and Vartuli 2001) was
referred to as ‘rational’ because the CTMA-TMA-OH ra-
tio was 1:1 and effectively acting as surfactant hydrox-
ide, CTMA-OH. Furthermore it entailed almost quantita-
tive incorporation of the surfactant in the solid mesoporous
phase making the appearance of stoichiometric interaction
between silica and surfactant, i.e. the mesoporous phase
could be formally considered as a CTMA-silicate. The re-
duction of silica amount in the mixture favored formation
of MCM-48. Around 3.5/1 molar ratio Si/surfactant essen-
tially pure MCM-48 was obtained (Roth 2000). We pro-
vide detailed description of the synthesis and accompany-
ing phase changes, and discuss observations and new in-
sights concerning possible mechanisms of these transforma-
tions.

2 Results and discussion

The primary tool for identification of mesoporous materi-
als in the bulk is X-ray powder diffraction. The XRD pat-
terns are in most cases dominated by a low angle line and
therefore structure recognition and phase assignment must
rely on smaller peaks at higher 2-theta. MCM-48 can be
unequivocally recognized based on its characteristic XRD
profile that can be indexed as a body-centered cubic space
group, Ia3d. The differentiation from MCM-41, see Fig. 1,
and other mesoporous phases can be made visually based on
the (220) reflection emerging on the high angle side of the
principal low angle peak (see additional discussion in con-
nection with observations in this work). The first dominant
peak in MCM-48 is in the same position as in the hexago-
nal phase, MCM-41, forming first in the synthesis mixture,
which hints a strong structural connection between the two.
This was analyzed and discussed in detail earlier for another
system (Landry et al. 2001).

A second XRD/structural peculiarity is the coincidental
position of the second, (220) peak of MCM-48 and the first
reflection of the lamellar phase that slowly emerges after
MCM-48 formation and apparently at its expense. In prac-
tice this delays detection of the onset of lamellar phase,
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Fig. 2 XRD patterns of
uncalcined solids isolated form
the MCM-48 synthesis mixture
at different times

which is best diagnosed post synthesis based on nitrogen
adsorption/desorption isotherm (Kruk et al. 2002).

2.1 MCM-48 synthesis

As alluded to in the preceding discussion and as illustrated
in Fig. 2, the MCM-48 synthesis involved continuous trans-
formation of the surfactant-silica solid phase. The prepara-
tion started from digesting the mixture of solid silica and
tetramethylammonium hydroxide in water for about 1 hr at
100oC followed by cooling and addition of the surfactant
solution of CTMA-Cl in water. The molar composition was
3:1:1 while the silica content was about 7 wt.%. The reaction
was carried out at 160oC for total of 6 hrs. Small samples
were withdrawn without interruption at 1 hr intervals and
the isolated solids were characterized by XRD, elemental
analysis and nitrogen adsorption after calcination to remove
the organic template.

2.2 Monitoring synthesis progress and phase changes by
X-ray diffraction

As can be seen in Fig. 2, the hexagonal MCM-41 is the first
distinct product forming in the system upon heat-up to reac-
tion temperature so that, at 0 hr., a reasonably resolved XRD
pattern (MCM-41) can be observed for the as-synthesized
template containing product. Porosity is also quite substan-
tial (see Table 1) but the structure is not firmly established
and deteriorates considerably upon calcination as shown by
poor quality XRD’s (Fig. 3).

The first sign of MCM-48 formation in as-synthesized
sample is seen (Fig. 2) at three hours. It is associated with
the appearance of a shoulder on the high angle side of the
first principal peak, hinting a relationship to the cubic phase.

Table 1 Properties of the solid products isolated form the synthesis
mixture at different times during MCM-48 preparation

Time, hrs.

Product properties 0 1 2 3 4 5 6

Si/N molar ratio 3.8 4.1 4.1 4.3 4.5 4.5 4.5

BET, m2/g 604 999 1480 1177 1180 1196 946

Mesopore capacity, 200 380 550 500 540 540 430

STP, cm3/g

Pore volume, cm3/g 0.41 0.61 0.94 0.845 0.9 0.91 0.79

XRD’s of calcined samples suggested MCM-48 appearance
even at 2 hrs. In the as synthesized product the new feature at
3 hrs. must be considered an unknown one since the profile
is unresolved with monotonically decreasing intensity. Only
upon calcination does a distinct ‘MCM-48’ doublet emerge.

The MCM-48 structure continues to evolve and improve,
as also revealed through adsorption characteristics discussed
below, reaching highest XRD intensity at around 4–5 hours
time. After that the lamellar MCM-50 precursor begins to
form. It is detected in XRD as the dominant first peak in
the pattern starts losing intensity while the second increases.
The corresponding structural change is not discernible ini-
tially but is best diagnosed post synthesis through nitrogen
isotherms.

2.3 Changes in textural properties and composition during
synthesis

Mesoporous products are evident in the mixture from the
outset as indicated by considerable pore volume, BET and
strong low angle line in XRD at 0 hr. The mesoporous phase,
clearly forming upon heat up, has initially poor pore system
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Fig. 3 Comparison of XRD
patterns of as-synthesized and
calcined solids isolated form the
MCM-48 synthesis mixture at
different times

Fig. 4 Nitrogen
adsorption/desorption isotherms
for the products collected at
different times during the
synthesis

quality as revealed by the corresponding nitrogen adsorp-
tion/desorption plot (isotherm) shown in Fig. 4. A steady
increase in stable pore volume is observed, reaching plateau
within 2–3 hrs. The observed variations in pore volume and
BET in the period 2–4 hrs. may be not due to real differences
but reflect experimental error, e.g. from sample collection or
treatment (calcination). After 2 hrs synthesis the capillary
condensation part of the plot is becoming more steep, sug-
gesting improving uniformity of the pores and by implica-
tion firming up of the MCM-48 structure and its maximum
content. The apparent optimum at about 5 hrs. is followed by

onset of the lamellar phase formation shown by the lowering
of the horizontal part of nitrogen isotherm and appearance
of the hysteresis attributable to MCM-50 precursor (Kruk
et al. 2002). Simultaneously with the changes in XRD and
especially the nitrogen isotherm the ratio Si/surfactant of the
solid, which is analyzed at room temperature shows gradual
increase towards 4.5:1 value. This implies either increased
binding of silica (reducing overall ‘solubility’) or release of
surfactant into the solution. For a better appraisal of the sit-
uation the analysis would have to involve the system at syn-
thesis temperature, which presents obvious technical chal-
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lenges but if carried out may supply valuable insight. The
increased incorporation of silica is consistent with forma-
tion of a more stable, dense product and should be viewed
as the most likely option.

2.4 Mechanism of MCM-48 formation

The structural changes observed during synthesis can be the
result of dissolution/recrystallization or internal restructur-
ing of the pre-formed solid. The former seems more tradi-
tional and therefore easier to accept without evidence, plac-
ing the burden of proof on the latter apparently more attrac-
tive option. This latter option was examined in detail for an
analogous but slightly different system, with TEOS as the
silica source (Landry et al. 2001). A detailed mechanism
for structural rearrangement was proposed lending viabil-
ity to this process. The key points in support of the internal
restructuring mechanism are the aforementioned matching
d-spacing values of principal reflections of the MCM-41,
MCM-48 and MCM-50 precursor forming in the system.
This may be viewed as compelling evidence but only from
static, i.e. structural, point of view. It clearly needs to be ex-
panded into the dynamic phenomena and include evidence
and proposals with regard to species migration in and out of
the structure, wall restructuring and build up, etc. The inter-
nal transformation of mesoporous phases, cubic SBA-1 to
hexagonal SBA-3 upon drying has been reported (Liu et al.
2002) lending credibility to this pathway in general. Further
study of this area may become more vigorous if one can en-
vision different consequences of this process with perceived
benefits from internal restructuring.

2.5 Activated MCM-48

Structurally well defined MCM-48 is known to form pre-
dominantly in high silica systems. Inclusion of alumina usu-
ally interferes with MCM-48 formation, which is reflected
in lower quality XRD patterns (Xia and Mokaya 2003). The
problem of MCM-48 can be solved by post-synthesis acti-
vation, which is quite effective both with and without pre-
calcination (Roth 2000). This leaves open the challenge if
MCM-48 can be formed in more complex systems, in par-
ticular in the presence of Al. We recently obtained evidence
that using a co-template, like tetraalkylammonium cation, is
conducive to formation of MCM-48 even in the presence of
Al. This will be the subject of future publication.

3 Experimental

The synthesis was performed under hydrothermal condi-
tions (160oC) using precipitated silica (90% solids), 29%
cetyltrimethylammonium chloride (CTMA-Cl) and 25%

tetramethylammonium hydroxide (TMA-OH) solutions. Ini-
tially the mixture of TMA-OH, water and silica, weight
ratio 2:5.82:1.1 was reacted for about 1 hr at 100°C fol-
lowed by cooling and addition of 6.08 parts of CTMA-Cl
solution. The molar composition silica:TMA-OH:CTMA-
Cl was 3:1:1 while the silica content was about 7 wt.%
of the entire mixture. X-ray powder diffraction patterns
were recorded on a Scintag diffractometer while nitrogen
isotherms were determined on Micromeritics ASAP 2000
apparatus. Chemical analyses were performed in-house us-
ing ICP-AES.

References

Alfredsson, V., Anderson, M.W.: Structure of MCM-48 revealed by
transmission electron microscopy. Chem. Mater. 8, 1141–1146
(1996)

Anderson, M.W.: Simplified description of MCM-48. Zeolites 19,
220–227 (1997)

Boote, B., Subramanian, H., Ranjit, K.T.: Rapid and facile synthesis of
siliceous MCM-48 mesoporous materials. Chem Commun. 4543–
4545 (2007)

Kaneda, M., Tsubakiyama, T., Carlsson, A., Sakamoto, Y., Ohsuna,
T., Terasaki, O., Joo, S.H., Ryoo, R.: Structural study of meso-
porous MCM-48 and carbon networks synthesized in the spaces
of MCM-48 by electron microscopy. J. Phys. Chem. B 106, 1256–
1266 (2002)

Kresge, C.T., Leonowicz, M.E., Roth, W.J., Vartuli, J.C., Beck, J.S.:
Ordered mesoporous molecular sieves synthesized by a liquid-
crystal template mechanism. Nature (Lond.) 359, 710–712 (1992)

Kruk, M., Jaroniec, M., Pena, M.L., Rey, F.: Determination of phase
composition MCM-48/lamellar phase mixtures using nitrogen ad-
sorption and thermogravimetry. Chem. Mater. 14, 4434–4442
(2002)

Landry, C.C., Tolbert, S.H., Gallis, K.W., Monnier, A., Stucky, G.D.,
Norby, P., Hanson, J.C.: Phase transformations in mesostructured
silica/surfactant composites. Mechanism for change applications
to materials synthesis. Chem. Mater. 13, 1600–1608 (2001)

Liu, M.-C., Sheu, H.-S., Chenh, S.: Drying induced phase transforma-
tion of mesoporous silica. Chem. Commun. 2854–2855 (2002)

Liu, Y., Karkamkar, A., Pinnavaia, T.J.: Redirecting the assembly of
hexagonal MCM-41 into cubic MCM-48 from sodium silicate
without the use of an organic structure modifier. Chem. Commun.
2001, 1822 (2001)

Monnier, A., Schuth, F., Huo, Q., Kumar, D., Margolese, D., Maxwell,
R.S., Stucky, G.D., Krishnamurty, M., Petroff, P., Firouzi, A.,
Janicke, M., Chmelka, B.F.: Cooperative formation of inorganic-
organic interfaces in the synthesis of silicate mesostructures. Sci-
ence 261, 1299–1303 (1993)

Roth, W.J.: Synthesis of M41S. WO Patent 98/06665 (1998)
Roth, W.J.: Synthesis of the cubic mesoporous molecular sieve MCM-

48. US Patent No. 6 096 288 (2000)
Roth, W.J., Vartuli, J.C.: The effect of stoichiometry and synthesis con-

ditions on the properties of mesoporous M41S family silicates. In:
Galarneau, A., DiRenzo, F., Fajula, F., Vedrine, J. (eds.) Zeolites
and Mesoporous Materials at the Dawn of the 21st Century. Stud.
Surf. Sci. Catal., vol. 135, p. 134. Elsevier, Amsterdam (2001)

Roth, W.J., Vartuli, J.C.: Synthesis of mesoporous molecular sieves.
In: Cejka, J., van Bekkum, H. (eds.) Zeolites and Ordered Meso-
porous Materials: Progress and Prospects. Stud. Surf. Sci. Catal.,
vol. 157, pp. 91–110. Elsevier, Amsterdam (2005)



226 Adsorption (2009) 15: 221–226

Sayari, A.: Novel synthesis of high quality MCM-48 silica. J. Am.
Chem. Soc. 122, 6504–6505 (2000)

Terasaki, O. (ed.): Mesoporous Crystals and Related Nano-Structured
Materials. Stud. Surf. Sci. Catal., vol. 148. Elsevier, Amsterdam
(2004)

Vartuli, J.C., Schmitt, K.D., Kresge, C.T., Roth, W.J., Leonowicz,
M.E., McCullen, S.B., Hellring, S.D., Beck, J.S., Schlenker, J.L.,
Olson, D.H., Sheppard, E.W.: Effect of surfactant/silica molar ra-
tios on the formation of mesoporous molecular sieves: inorganic

mimicry and surfactant liquid-crystal phases and mechanistic im-
plications. Chem. Mater. 6, 2317–2326 (1994)

Vartuli, J.C., Roth, W.J., Beck, J.S., McCullen, S.B., Kresge, C.T.:
In: Karge, H.G., Weitkamp, J. (eds.) Molecular Sieves, Science
and Technology, vol. 1 (Synthesis), pp. 97–119. Springer, Berlin
(1998)

Xia, Y., Mokaya, R.: On the hydrothermal stability of mesoporous alu-
minosilicate MCM-48 materials. J. Phys. Chem. B 107, 6954–
6960 (2003)


	Facile synthesis of the cubic mesoporous material MCM-48. Detailed study of accompanying phase transformations
	Abstract
	Introduction
	Results and discussion
	MCM-48 synthesis
	Monitoring synthesis progress and phase changes by X-ray diffraction
	Changes in textural properties and composition during synthesis
	Mechanism of MCM-48 formation
	Activated MCM-48

	Experimental
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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

  /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


