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INFLUENTA ADITIVULUI ANTRENOR DE AER COMBINAT CU DIFERITI
SUPERPLASTIFIANTI ASUPRA REZISTENTEI LA iNGHE'!' — DEZGHET
A MORTARELOR DE CIMENT
INFLUENCE OF THE AIR-ENTRAINING ADMIXTURE
WITH DIFFERENT SUPERPLASTICIZERS ON THE FREEZE-THAW
RESISTANCE OF CEMENT MORTARS

A. UGUR OZTURK, R. TUGRUL ERDEM*
Department of Civil Engineering, Celal Bayar University, 45140, Manisa, Turkey

/Compatibility of different based superplasticizers with air-entraining admixture has been investigated. Physical and mechanib
properties such as flow, setting time and compressive strength of cement mortars incorporating an air-entraining admixture (HS)
with naphthalene sulfonate (SPNS) and modified polymer (SPMP) based admixtures have been determined. Also, the effects of
their combinations on the freeze-thaw resistance of cement mortars have been determined. All admixtures are used with three
different ratios and one of them is for overdosage effect. Results indicate that cement mortars having lowest early strength
values are mortars incorporating 1.5% SPMP and 2.0% SPNS by mass of cement. The most effective series for the ultimate
highest strength values were series with 0.05 % HS and 0.8 % SPMP. The freeze-thaw resistances of cement mortars were
investigated for 50, 100, 150 and 200 freeze-thaw cycles. Indeed, the most effective series for freeze-thaw resistance were series

Qith 0.05 % HS and 0.8 % SPMP. /
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1. Introduction a building may be overcome by using different
types of admixtures together. However; the
Cementitious materials such as concrete or handicap of knowledge of the reaction between
cement mortars are widely used materials in these different types of admixtures and disobeying
construction  technology. Enhancing desired the usage limits of chemical admixtures given by
requirements expected from structural members are the producer, lead to unexpected problems.
provided not only by using conventional concrete The types of admixtures differ so much that
components such as cement, aggregate and water they must be classified into many groups according
together, but also by using admixtures even mineral to their effectiveness on cement paste. Many such
or chemical in concrete mix. Admixtures are defined classifications have been proposed, thus it is
as materials other than water, aggregate, cement important that each includes one admixture type
and also fiber reinforcement used as component in having different effects on hydration process of
concrete or cement mortar production and added to cementitious materials. Furthermore, the
the batch before or during mixing [1, 2]. knowledge of the effects occurred by using different
Requirement of having more durable types of admixtures together in order to improve
materials and structural members during service life properties and aim the desired characteristics has
of a building leads site engineers to use admixtures, become a great issue. For using different types of
especially chemical ones. Chemical admixtures admixtures together; the usage limits, their
have some benefits on workability, set controlling, interaction between each other and finding out the
strength and durability of cementitious materials by optimum usage limits must be known. This
affecting on cement paste [3]. information brings scientists or researchers to
Even chemical admixtures are not almighty; improve more durable cementitious structural
they have become more popular in concrete members against aggressive media such as freeze
technology recently. Although usage of chemical and thaw.
admixtures is useful to improve early and ultimate Freeze and thaw leads an exposure in the
properties of cementitious materials; they do not inner structure and decrease in strength properties
have any benefits on materials prepared with poor of cementitious materials. Freeze and thaw attack
mix materials and unqualified workmanship during is one of the most aggressive durability problems
transportation, settlement and vibration [4]. occurred in cold regions [5-7]. Freeze-thaw
Furthermore, some difficulties such as physical, problem is occurred especially when concrete is
biological and chemical attacks during service life of exposed to moisture and repeated cycles of freeze
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and thaw. As more and more concrete structures
(dams, hydraulic structures and offshore
structures) are being built in harsher environments,
the concrete material may deteriorate rapidly after
repeated cycles of freeze-thaw. Hence, demand for
durable concrete has increased [8]. In this case,
chemical admixtures such as air-entraining ones
were developed in the late 1930s and required to
cause the development of a system of microscopic
air bubbles in concrete, mortar, or cement paste
during mixing to prevent the damage by freeze and
thaw [1].

The case of cyclic freeze-thaw damage is
complex with even the water present in the finest
pores of concrete present in a half bound state
from the time the concrete was prepared, playing a
role [9]. Several studies have been performed
during last decades [10-13].

On the other hand, superplasticizers are the
most used chemical admixture in production of
concrete technology. Superplasticizers improve
fluidity of concrete by dispersing cement particles
present the cement paste [14]. Nowadays, the use
of superplasticizers in concrete production is very
common process [15-17]. Since there have been
several studies performed [18-20].

Through the twentieth century, the number
of scientific papers on cements and derived
materials  (mortars, concretes, and other
cementitious materials) has raised in a large scale.
In addition, the quality of publications has
undergone exponential growth. This situation has
coexisted with a period of exceptional cement
industry strength. There have been many papers
investigating the efficiency of admixtures with
different ratios [3,20,21].

The objective of this study is to investigate
the performance of chemical admixtures used
together for cement mortars subjected to freeze
and thaw cycles. The compatibility of air entraining

on the freeze-thaw resistance of cement mortars

admixture with two different superplasticizers
(naphthalene sulfonate and modified polymer
based) was investigated. Different ratios of
admixtures and their combinations were used to
prepare different cement mortars. The physical
and mechanical properties such as initial and final
setting time, flow values and compressive
strengths were determined. Indeed, the
performance of cement mortars after 50, 100,
150and 200 freeze-thaw cycles were obtained with
respect to compressive strength development.

2. Experimental study

2.1. Materials

CEM | 42.5 Portland cement is used for the
experimental studies. The chemical, physical and
mechanical properties are given below in Table 1.

Air-entraining admixture compatible with
ASTM C260 [21] is a liquid having active materials
on its specific surface. The active materials in air-
entraining admixtures are organic materials. The
air-entraining admixture is obtained from SIKA and
its commercial name is SIKA-AIR. The
naphthalene sulfonate and modified polymer
based superplasticizers are compatible with
ASTM-C 494 [22] TYPE G and ASTM-C 494 TYPE
A/D/G, respectively. The properties of admixtures
are given in Table 2.

2.2. Methods

The aim of the usage of combinations of air-
entraining admixtures with two different based
superplasticizers is to focus on the compatibility of
using admixtures together and their resistance
against freeze-thaw cycles with respect to
compressive strength loss. Setting time by using a
Vicat Apparatus [23], flow values were obtained
according to ASTM C1437 standard. Each mortar
is prepared according to ASTM C109. For

Table 1
Chemical and physical properties of CEM | 42.5
Property Value Property Value
% SiO, 18.38 (CI') amount (%) 0.01
% Al,05 4.80 (SO3) amount (%) 2.82
% Fe,0s 3.53 LOI (%) 3.63
% CaO 63.78 Initial setting time (min) 155
% MgO 0.84 Final setting time (min) 230
% Na,O 0.45 Specific surface cm?/g 3640
% K0 0.80 (2 day) strength N/mm? 27.60
% SO3 2.82 (28 day) strength N/mm? 50.40
Table 2

Chemical composition and physical properties of admixtures

Admixture .
symbol Base Density (kg/l) pH Type
HS Liquid with ggtive materials on 0.99-1.03 54 ASTM-C 260
specific surface
SPNS Naphthalene sulfonate 1.17-1.21 8.5 ASTM-C 494 TYPE G
SPMP Modified polymer 1.13-1.17 5.2 ASTM-C 494 TYPE A,D,G
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compressive strength test, cement mortar cubes
with 50 mm were molded. Cement mortars with a
water/cement ratio of 0.485 and a sand/cement
ratio of 2.75. Compressive strength developments
of each cement mortar mix were determined.

Ratios of other components of cement
mortars were Kkept constant; only admixture
dosage, types and combination ratios were
changed. All tests were performed in the laboratory
conditions such as 2012 °C and 75-80% relative
humidity. Compressive strength values were
obtained for 2, 7 and 28 days.

Freeze and thaw resistance were
determined after 50, 100, 150 and 200 cycles. All
cement mortars with the age 28" day were put into
climatic test cabinet keeping inner temperature at -
25°C during 12 hours. Then all specimens were put
into sodium chloride solutions in laboratory
conditions for 12 hours.

3. Results and discussions

Setting time and flow values of each
cement mortar samples are given in Table 3. Two
parts; letter and numeric characters give the set
name. The letter part represents the initials of
admixture and the numeric characters indicate the
usage ratios. For example, HS010-SPNS2.0
means a cement mortar mix incorporating with air-
entraining admixture with 0.10% by cement mass
and naphthalene sulfonate based superplasticizer
with 2.0% by cement mass. Indeed, CM means
cement mortar without any admixture.

All admixtures represented a retardation
effect on the setting time of cement mortars. The
most effective admixture using in nominative case,
is SPMP with 1.5% ratio compared to other
admixtures with the same usage ratio (1.5% by
cement mass). Indeed, there is a retardation effect
on setting time by using combinations of
admixtures. Setting times of cement mortars
prepared by combinations of admixtures have
enlarged whereas the combination ratios have
increased. The largest setting time period has
been obtained for HS015-SPMP1.5 mix. It is
obvious that the dominant admixture is the
modified polymer based superplasticizer (SPMP).

Air-entraining admixture and
superplasticizers are effective on workability of
cement mortars. The admixtures and their
combinations extended the flow values of cement
mortars. Same trends observed for setting time
values may be observed for flow properties.
Modified polymer based admixtures are the most
effective ones not only for nominative usage but
also for wusage with air-entraining admixture
together.

Compressive strength values of cement
mortars without combinations of admixtures are
given in Figure 1.a-b and c¢ respectively. Besides,
compressive strength values of cement mortars
incorporating with the combinations of admixtures
are shown in Figure 2 and Figure 3.

Table 3
Initial/final setting times and flow values of cement mortar mixes

Set name Initial setting time (min.) | Final setting time (min.) | Flow (mm.)
CM 153 242 116
HS005 178 280 129
HS010 185 292 132
HS015 210 315 144
SPNS1.0 205 310 154
SPNS1.5 244 345 165
SPNS2.0 275 362 172
SPMPO0.8 225 328 156
SPMP1.0 248 342 166
SPMP1.5 280 369 178
HS005-SPNS1.0 185 295 142
HS005-SPNS1.5 218 320 151
HS005-SPNS2.0 245 350 163
HS010-SPNS1.0 230 334 156
HS010-SPNS1.5 255 355 168
HS010-SPNS2.0 275 370 172
HS015-SPNS1.0 240 341 162
HS015-SPNS1.5 270 364 170
HS015-SPNS2.0 278 375 176
HS005- SPMP0.8 190 300 145
HS005- SPMP1.0 225 332 153
HS005- SPMP1.5 260 365 169
HS010- SPMPO0.8 235 340 159
HS010- SPMP1.0 272 368 171
HS010- SPMP1.5 285 370 177
HS015- SPMP0.8 245 350 165
HS015- SPMP1.0 275 374 173
HS015- SPMP1.5 287 405 179
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Fig. 1.a. - Compressive strength values of cement mortars
incorporating with HS.
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Fig. 1.b. - Compressive strength values of cement mortars
incorporating with SPNS.
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Fig. 1.c. - Compressive strength values of cement mortars
incorporating with SPMP
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Fig. 2 - Compressive strength values of cement mortars
incorporating with combination of HS and SPNS.

Although air-entraining admixture has a
negative effect on compressive strength,
superplasticizers improved the compressive
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Fig. 3 - Compressive strength values of cement mortars
incorporating with combination of HS and SPMP.

strength values of cement mortars at ultimate
ages. At early ages, according to retardation effect
on hydration of cement mortars; superplasticizers
bring less compressive strength values. So, it is
obvious that cement mortars with air-entraining
admixtures have higher compressive strength
values at early ages. On the other hand,
superplasticizers formed a regular inner structure
[24]. Therefore, the ultimate compressive strength
values increased. At early ages such as 2 days,
cement mortars incorporating with naphthalene
sulfonate based admixtures have the lowest
compressive strength values. The highest
compressive strength values were obtained from
the cement mortar samples with modified polymer
based admixture with the usage ratio 0.8 % by
cement mass. Indeed, higher dosages of
superplasticizers affected negatively. This over
dosage effects result in a lowest strength values at
ultimate ages. Cement mortar samples with 1.0-
1.5 % SPNS show equal or higher values
compared to those with 1-1.5% SPMP. This
indicates that the polymer modified based
admixtures have more retarding effects on
compressive strength development.

Compressive strength values of cement
mortars prepared with the combination of
admixtures were also determined. At early ages,
HS015-SPNS2.0 series has the lowest strength
values whereas the highest compressive strength
values at 28 days were obtained for HS005-
SPMPO0.8 series. Cement mortar samples included
air-entraining admixture improved their strength
values by using superplasticizers together. It may
be due to propagation of bubbles formed
according to the presence of air-entraining agents
by superplasticizers more regularly.

Freeze-thaw resistances were determined
with respect to compressive strength values after
50, 100, 150 and 200 cycles. Compressive
strength values after freeze—thaw cycles were
represented in Figure 4 a-b-c and Figure 5 a-b.
Compressive strength values of all cement mortars
decreased while the numbers of freeze-thaw
cycles increased.
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Fig. 4.c - Compressive strength values of cement mortars incorporating with SPMP after freeze-thaw cycles.
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Fig. 5.a - Compressive strength values of cement mortars
incorporating with combination of HS and SPNS
after 200 freeze-thaw cycles.

Air-entraining admixture affected on
compressive strength loss positively. On the other
hand, HS015 series with the maximum usage ratio
1.5% have the lowest strength values and the
highest strength loss compared to other HS series
and cement mortar without an admixture.
Furthermore, HSO010 series have the lowest
strength loss percentages. HS010 are the most
effective series on freeze-thaw resistance. HS015
series and cement mortars have almost the same
strength loss.

Cement mortars incorporating with 1.0%
naphthalene sulfonate based admixture; have a
better freeze-thaw resistance compared to cement
mortars without an admixture. By the way,
SPNS1.5 and SPNS2.0 have the lowest strength
values. SPNS 2.0 have the highest strength loss,
and even SPNS1.5 has almost the same strength
loss with cement mortars without an admixture.
Also, SPMP series are effective on freeze-thaw
resistance on cement mortars. SPMP1.5 series
have a negative effect on freeze-thaw resistance.
Furthermore SPMP0.8 and SPMP1.0 have a
positive effect. Indeed, SPMP0.8 series have the
lowest strength loss values among SPMP series.

Indeed, freeze-thaw resistances of cement
mortars  incorporating with  combination of
admixtures were obtained. HS005-SPNS1.0 and
HS005-SMPMO0.8 series have the highest strength
values among all cement mortars after freeze-thaw
cycles. Also, highest strength loss percentages
were observed for HS015-SPNS2.0 and HS015-
SPMP1.5 series. Cement mortar samples with HS
and 1.0% SPNS show better resistance compared
to those with HS and 1.0% SPMP. The polymer
modified based admixtures have more retarding
effects on compressive strength development.
These samples with lower compressive strength
values show the highest strength loss after freeze-
thaw cycles.

Cement mortar samples included air-
entraining admixture improved their freeze-thaw
resistance by incorporating with superplasticizers.
However, the highest usage ratios of admixtures
are not suitable for freeze-thaw resistance. High
strength loss was obtained from such cement
mortars incorporating with highest ratios. This
resistance improvement may be occurred due to
the highest 28-day strength performance that
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SPMP seris

Fig. 5.b - Compressive strength values of cement mortars
incorporating with combination of HS and SPMP
after 200 freeze-thaw cycles.

indicates more regular and compact inner structure
having less porous structure.

4. Conclusions

In this paper, cement mortars were
prepared with chemical admixture; one air-
entraining and two different based
superplasticizers in the first place. Some
conclusions may be found out from the result of
experimental study. The lowest flow values, setting
time and early age strength values were measured
for HS005 series. The highest ultimate strength
values were obtained for HS005-SPMPO0.8 series.

Freeze-thaw resistance of cement mortars
incorporating an air-entraining admixture with
different types of superplasticizers was
investigated, indeed. All chemical admixture types
have a positive effect with the lowest usage ratio.
The optimum combination of chemical admixtures
against freeze-thaw cycles are 0.05 % HS with 1.0
% SPNS (HS005-SPNS1.0) and 0.05 % HS with
0.8 SPMP (HS005-SPMPO0.8). The highest
strength losses after freeze-thaw cycles were
obtained for the combination of admixtures with
the highest usage ratios.

Thus, the test results must be proved for
different based of air-entraining admixtures and
superplasticizers. Also, different types of cements
may be used in further studies for effects of
combinations of admixtures in various amounts.
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SCC16 - RILEM Self-Consolidating Concrete Conference,
Washington DC, USA - From 15 May 2016 to 18 May 2016

This conference combines the RILEM Symposium on Self-Compacting Concrete and the North American
Conference on Design and Use of Self-Consolidating Concrete (SCC 2016). The conference is designed to bring
researchers and practitioners together to exchange the latest ideas, knowledge, and tools to build the future of
concrete construction as it relates to design, construction and manufacturing of SCC.

The topics listed below are intended to spark thinking about issues that might be addressed. Other topics that
address the conference theme and SCC components will also be considered.

- SCC MATERIALS (powders, nano-particles, aggregates, admixtures and microstructure

- DESIGN METHODOLOGY (mix and structural design)

- RHEOLOGY

- PRODUCTION (workability, pumping and formwork pressure)

- QUALITY CONTROL (methods, procedures and specifications)

- PROPERTY AND PERFORMANCE EVALUATION (experimentation, monitoring and modeling
- AESTHETICS AND ECONOMIC BENEFITS

- SUSTAINABILITY

- CASE STUDIES to discuss the successes and lessons learned from SCC applications

This conference will honor over 50 years of outstanding contributions of Professor Surendra Shah to the field of
concrete science, including SCC research and education.

Contact: http://www.scc2016.com/

*hkkkkkkkkkkkkhkkkkhkkkkhkkkkhkkkkkkkhkhkkkkhkkkkhkkhkkhkkkkhkkkkhkkhkkkkhkkhkhkkhkkhkkkkhkkkkhkkkkhkkkkhkkhkkkkhkkkkhkkkkhkkkkhkkkkhkkkkhkkhkkkkhkkhkkhkkkkhkkkkhkkhkkhkkkkhkkhkkhkkhkkkkhkkkkhkkkkkkkhkkhkkhkkkkkhkkhkkkkkkx




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


