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Influence of polymer superplasticizers on the properties of

autoclaved aerated concrete

ABSTRACT: Second generation superplasticizers based on polycarboxylates were investigated in terms of their influence on the properties of autoclaved

aerated concrete (ACC). The macromolecules of the plasticizers contained polycarboxy and polyether segments, and free carboxylic groups gaining

solubility of the plasticizer in water. Water solutions of the plasticizers of concentration of 30 wt% were applied as admixtures to concrete. Concrete

samples were based on gypsum, calcium oxide and fly ash as binder and an aggregate. The concrete was produced by foam-gas-silicate (FGS) technique.

Fresh mixtures both containing and not containing superplasticizers were autoclaved, and the hardened samples were characterized. The samples
containing superplasticizer in amounts enabling to reduce water quantity to 20% showed density about 10% higher, and compressive strength about
20% higher comparing to the samples without plasticizers. Phase analysis did not show any differences between the concrete samples containing or
not containing the admixtures. All samples contained tobermorite, hydrogranates, and C-S-H phase.
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1. Introduction

Autoclaved aerated concrete (ACC) is a lightweight building
material with a fast growing production and usage in both hot
and cold weather countries [1,4,5,9]. It is produced by molding
and hydrothermal processing of various raw materials containing
mainly quartz, Portland cement and/or lime with traces of alumi-
num powder. The concrete mix generates hydrogen gas by the
following chemical reaction between fine aluminum powder and
calcium hydroxide:

2Al + 3Ca(OH), + 6H,0 — 3Ca0-Al,0,6H,0 + 3H,

After the molding period concrete is subjected to autoclaving
process under steam pressure. This process is associated with
the formation of tobermorite as the main binding phase. The final
product is highly porous, lightweight, with low bulk density and low
thermal conductivity. Comparing to classic concrete it also shows
lower shrinkage and higher heat resistance [2,6,7]. However it
shows relatively low compressive strength. ACC is usually used
for construction of outer walls.

If ACC is produced as a structural material it requires high-pressure
steam-curing, i.e. autoclaving. If curing of a cement-based mate-
rial takes place at ambient temperature and pressure, only the
binder reacts to hold the aggregates together. However, when
curing takes place at higher temperature and higher pressure in
saturated steam, silica reacts with calcium hydroxide, creating
a micro-crystalline structure with a much lower specific surface
than that obtained in normal curing conditions [8].

Applying mineral additions as fly ash for the aggregate filler in
aerated concrete has many ecological and economic benefits.
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The residues are very fine and do not require additional grinding
as aggregate usually does. It is also claimed that ACC made with
fly ash have better thermal insulation and strength properties
compared to ACC made from quartz sand [3]. Most likely, this
is a result of fly ash ability to react with calcium hydroxide in the
presence of moisture and to create calcium silicate hydrate that
has cementitious properties [10].

In our work we focused on the influence of superplasticizers on
the properties of ACC. Superplasticizers are principally referred as
high-range water reducers in concrete. Reduction of the amount of
water in the mix is crucial for decreasing capillary porosity of the
hardened cementitious materials. The second important function
of a superplasticizer is to maintain a specific workability of the
fresh concrete for a particular period of time, even at low water/
binder ratio. By chemical nature superplasticizers are water-soluble
polymers and comprise sulfonated and carboxylated macromol-
ecules. We focused on the last generation superplasticizers, i.e.,
carboxylated polymer containing ether linkages.

2. Materials and methods

Concrete samples were produced by foam-gas-silicate (FGS) tech-
nique. They were based on gypsum, calcium oxide and selected
fly ash as a binder and an aggregate. Fly ash has the following
chemical composition (% wt.): SiO, — 53.6; Al,O, — 23.3; Fe,O,
—5,4; CaO - 4.1; CaOy,, — 1.0; MgO - 2.5; SO, — 1.0; Na,O +
K,O — 2.5, and loss on ignition (C) — 4.3, other (TiO,, P,O;) — 2.3.
Other properties of the fly ash are as follows: Blaine surface area

— 3950 cm?/g, density — 2.20 g/cm?, water demand — 41.3%.



Superplasticizers based on polycarboxylate ethers (ascribed as D1,
D2 and D3) were applied as the admixtures. They were purchased
from BASF. According to FTIR spectra and GPC analysis all three
admixtures were chemically identical, but differed by molecular
weight and polydispersity factor. They consisted of two main frac-
tions of polymer molecules differing by the molecular weight. M,, of
D1 was determined by GPC as ~1000 Da for fraction | and ~3500
Da for fraction 1l. D2 was characterized as 800 Da (fraction I) and
3300 Da (fraction Il), and D3 — 900 and 4600 Da, respectively. In
D1, however, higher molecular weight fraction was dominating,
in D2 amounts of the two fractions were comparable, and in D3
lower molecular weight molecules were in higher quantities. The
admixtures showed also different thermal behavior. They were
water soluble, and 30 %wt solutions were applied for concrete
mix preparation. As a porogen aluminum powder with a contact
surface of 6000 cm?/g was applied.

The research was done on a binder-aggregate composition con-
taining 48.6% of binder and 51.4 % of the aggregate. The binder
consisted of 37% of calcium hydroxide, 10% of gypsum, and 53%
of fly ash.

Compositions were prepared in the following way: appropriate
amounts of the binder and aggregate were placed in a mixer and
stirred for 1 min. Then water with the temperature of about 60°C
was added and the stirring was continued for 3 min. A superplas-
ticizer was always dissolved in water prior to concrete mixture
preparation. Next, suspension of aluminum powder in a surfactant
was added and stirred for additional 1 min. The composition was
poured into a steel mold (100x100x100 mm) preheated to 50°C.
The mold was kept in the temperature of 50°C until evolution of

Table 1. Composition of the investigated aerated concrete.

hydrogen was finished, and then autoclaved for 8 hours at the tem-
perature of 180°C, and pressure of 1.2 MPa.. The compositions of
the mix together with the determined appropriate amounts of water
are given in Table 1. Properties of the compositions are in Table 2.

Water demand and setting times of the mixtures were determined
according to the standard PN-EN 19 -3:2005. Bulk density of the
obtained concrete was determined according to the standard PN-
EN 678:1998. Compressive strength was determined according to
the standard PN-EN 699:2008. X-ray diffraction (XRD) analyses
were performed using Philips X'Pert apparatus (Cu K,). Scanning
electron microscopy (SEM) was performed using FEI Nova Nano
SEM 30. FTIR spectra were recorded with Digilab FT spectrometer
using KBr pellet technique.

3. Results and disscussion

3.1. Water demand end setting time

Low water/binder ratio is an important issue in concrete technology
because the excess of water always leaves capillary porosity in
the hardened concrete. In our work the main reason of introduc-
ing superplasticizers into concrete mix was to reduce the amount
of water. In Table 3 water demand for different concrete mixtures
is shown. In all cases significant water reduction was observed
comparing to the parent sample not containing a superplasticizer.
Namely, the water reduction for D1 is 29%, D2 - 31%, and D3
- 30%. The water demand dropped from 43% to 30-31%. It can
be stated then, that the investigated admixtures are high-range
water reducers.

Setting times of the concrete samples
with and without superplasticizer are

Amounts [kg/m?] Do D107 D210 shown in Fig. 1. The results show that Fhe
Calcium oxide 119 119 19 admixtures D1 and D2 are accelerating
the hardening process, and can be classi-

BINDER Gypsum 321 32 321 32 321 32 . .
fied as type E (HRWR and accelerating),

Fly ash 170 170 170 . . .
LY ASH . 339 339 339 while D3 is type G (HRWR and retarding).
(aggregate) Noticeably different is, however, the begin-
WATER 365 290 294 ning of the curing process, which starts 25
SUPERPLASTICIZER ' 225 3.2 min earlier in case of D1, and only 5 min
ALUMINUM POWDER 042 042 042 in case of D2. Total curing time of samples
Ratio containing D1 is 20 min, while 15 min when
w/b 1.14 0.90 0.92 D2 has been applied. D3 acts a retardant
w/b+a 0.55 0.44 0.45 of curing process. It starts 5 min later and

Table 2. Comparison of the properties of fresh concrete mixtures without (D0) and with superplastici-

zers (D1-0.7, D2-1.0).

is completed 10 min later comparing to
DO sample. It can be concluded than, that
lower molecular weight polymer causes the

* Percentage of the admixture was calculated in relation to the amount of dry binder.

- - delay in the hardening process.

Components ratio Water Density of

Sample Amounts of reducin mixtures
P admixtures” | Water/ binder | Water/ (binder+aggregate) (%] 9 [kg/m?] 3.2. DenSIty and compressive
0
strength
DO - 1.14 0.55 - 1698

D1-0.7 0.7 % 0.90 0.44 21 1740 Final properties of the hardened samples
D2-1.0 1.0% 0.92 0.45 19.5 1705 were examined. The obtained results are
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Table 3. Water demand and water/concrete ratio in the investigated sam-
ples.

Amounts of i
Sample adrr(l)il;t:fe(;‘ Water (()jemand Retios
%wi] (%] whb | wib+a
DO - 43 1.01 0.43
D1-1.05 1.05 31 0.72 0.31
D2-1.74 1.74 30 0.70 0.30
D3-2.50 2.50 31 0.71 0.31

* Percentage of admixture was calculated in relation to the amount of dry
binder.
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Fig. 1. Setting times of concrete mixtures.

presented in Table 4. Density of the samples containing D1 and
D2 is about 10% higher than that of DO. It might be the evidence
on the negative influence of the superplasticizers on the pores
formation, as the difference between density of DO and the samples
containing superplasticizers is quite large. At the same time, there
is almost no difference between D1 and D2.

Simultaneously, compressive strength of the samples modified
with superplasticizers is higher than this of DO. The difference is
significant and the increase is ~20%. It can be easily explained
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Table 4. Properties of cured samples.

Sample Density [kg/m?] Compressive strength [MPa]
DO 5387 3.88+0.07

D1-0.7 599 + 9 4.72+0.43

D2-1.0 590 +8 4.70£0.23

with the decrease of w/b ratio, and the difference in porosity of
the samples.

On the other hand, the difference between superplasticizers, like
molecular weight and polydispersity factor, does not play any
role in changing the final mechanical properties of the final ACC.
Compressive strength of both samples is almost identical.

3.3. X-ray diffraction and sem analysis

X-ray diffraction patterns of the hardened concrete samples are
shown in Fig. 2. The XRD patterns can be used to identify crystal-
line phases and their concentrations. In case of hardened concrete

Fig. 3. SEM image of the hardened concrete samples DO. Marks 1, 2, and
3 refer to fly ash, tobermorite, and gypsum, respectively (confirmed with
EDS analysis).

—brie the hydration process can be explained and

the hydration products identified. The type,
amount and distribution of hydrated products
which have significant influence on strength,
durability and dimensional stability of the
hardened concrete can be assumed on the
basis of X-ray diffraction pattern, SEM and
EDS analysis of the final product.

D1-0.7

—D0

X-ray spectra of all samples are almost identi-
cal. In all tobermorite phase is present (see also
SEM images in Figs. 2, 3 and 4). This calcium
silicate hydrate gel (C-S-H) usually makes
up 50-60% of the solids of hydrated binding
material. The presence of tobermorite phase
: in concrete is crucial for the correct shrinkage

5 of the sample on drying, since water trapped
between the surfaces of planes of C-S-H

Fig 2. X-ray diffraction patterns of the concrete samples. The following designations are used in

the diagrams stands for: H-hydrogranates, T-tobermorite; M-mullite, Q-quartz; C-calcite.
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structure is lost only on very extensive drying.
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Fig. 4. a) SEM image of sample D1-0.7, b) SEM image of sample D1-0.7 — closer view on tobermorite phase, c) EDS analysis of 1 — fly ash; c) EDS
analysis of 2 — tobermorite.
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Fig. 5. a) SEM photos of the sample D2-1.0, b) EDS analysis of 1 — gypsum, c) EDS analysis of 2 — tobermorite; d) EDS analysis of 3 — hydrogranate.

Presence of hydrogranate is also clearly visible in all cases. Hydro-  Electron scanning microscopy and EDS analysis shows that mor-
granate is typical for cellular concrete based on fly ash. Formation ~ phology of the samples is similar. In the samples three or four main
of this phase is beneficial for correct shrinkage and strength of  phases can be distinguished, C-S-H and crystalline tobermorite
concrete. Quartzite and mullite phases are visible in the diffraction  with the average dimensions of crystals ~5 um, spherical fly ash,
patterns, and they are also characteristic of fly ash.
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gypsum crystals, and hydrogranates. It remains in a good agree-
ment with X-ray diffraction patterns. The dominant phase in the
XRD patterns is quartz, which is characteristic to fly ash.

No separation of the polymer admixture is observed. However
the bulky structure marked as 4 in Fig. 5a is very characteristic
for linear polymers with flexible chains. Differently from DO and
D1 the D2 sample shows a lot of voids in the structure. Spherical
particles of fly ash are also clearly visible.

4. Conclusions

It can be concluded that the examined superplasticizers based on
polycarboxylate ethers can act both as accelerating and retarding
agents for workability of ACC. Their influence depends on the mo-
lecular weight and polydispersity of the polymer, i.e., short-chain
polymers increase setting time.

The applied admixtures are high-range water reducers. The sam-
ples containing superplasticizer in amounts enabling to reduce
water quantity to 20% showed density about 10% higher, and
compressive strength about 20% higher comparing to the samples
without plasticizers. The superplasticizers do not influence hydro-
gen evolution, however, increase of density of the final ACC was
observed as compared to ACC without a superplasticizer. The ACC
obtained with the use of superplasticizers show higher mechanical
strength, specifically the compressive strength.

No significant changes were observed in the properties of the final
ACC depending on the kind of superplasticizer.

38 cwa-special Issue/2011

Acknowledgement

This research was financially supported by Polish MNiSW, Grant
No. NN 506 4302 36.

References

[11 Al-Mudhaf H.A., Attiobe E.K., 1996. Performance of autoclaved aer-
ated concrete masonry walls in Kuwait, Mater. Struct./Mater. Constr.
29 (1996) 448-452.

[2] Aroni S. 1990. On energy conservation characteristics of autoclaved
aerated concrete, Mat. Struct. 23 (133) (1990) 68-77.

[3] HoltE., Raivio P., 2005. Use of gasification residues in aerated auto-
claved concrete. Cement and Concrete Research 35 (2005) 796-802

[4] HoustY., Wittmann F.H., Bibliography on autoclaved aerated concrete,
Developments in Civil Engineering, Sponsored by: RILEM, Paris, Fr.
Elsevier Scientific Publ. Co., 1983, pp. 325-369.

[5] lanE., 1997. Aircrete blockwork, Concrete (Lond.) 31 (7) (1997) 10-11.
[6] Lawrence R., Ronald D.N., 1999. Thermal inertia properties of auto-
claved aerated concrete, J. Energy Eng. 125 (2) (1999) 59-75.

[7] Nilsen A. Shrinkage and creep deformation parameters of aerated
autoclaved concrete, Preprints-RILEM International Symposium on
Autoclaved Aerated Concrete. Organ at Swiss Fed. Inst. of Technol.,
Paris, 1982, pp. 175-191.

[8] RILEM Technical Committees, 1993. Autoclaved aerated concrete.
Properties, testing and design.

[9] Wajahat M.H., Soliman A.l., 1986. Utilisation of Saudi sands for aer-
ated concrete production, Int. J. Cem. Compos. Lightweight Concr.
8 (2) (1986) 81-85.

[10] Wittmann F. H., BalkemaA.A., 1992. Advances in Autoclaved Aerated
Concrete. Rotterdam/Brookfield.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


