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Abstract

This paper concerns with the study of the use of coatings and lithium nitrate to control the
alkali-silica reaction (ASR) development in a concrete affected by this reaction. Seven coatings were
selected in order to enclose different types of coating systems, which were exposed in natural and
accelerated test conditions. In order to study the modifications produced by lithium nitrate in the
expansive properties of ASR products, immersion and electrical migration conditions were used to
drive the lithium ion into concrete.

In this paper the results of physical, chemical and microstructural tests in the un-treated and
treated concretes were evaluated and discussed.
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1 INTRODUCTION

The occurrence of alkali-silica reaction (ASR) in several concrete structures in the last few years
worldwide has point the need for the improvement of preventive measures to inhibit these reactions
not only in affected structures but also in new structures. In Portugal this form of concrete
degradation was discovered in the last decade in important structures, namely dams and bridges. The
most applied preventive and remedial measures against this expansive reaction are those which control
the factors that induce its development, e.g. by controlling the ingress of water in the concrete.

The water ingress control in concrete by the application of coatings is one way to prevent this
deterioration. However, the coatings have to fulfil some requirements:

. They must be chemically resistant, namely to the alkalinity of concrete;

. They must have sufficient adhesion and permeability to water vapour. This is
particularly important when concrete has a high level of humidity;

. They must prevent water absorption;

. They must have adequate deformability to support the residual expansion of the
concrete.

Considering the great number of cases in the ASR literature of the employment of coatings
presenting many contradictory results, some researchers have implemented another method based on
the modification of the expansion properties of the ASR products, namely by the use of lithium salts.
The use of lithium compounds to control expansion due to ASR was first reported by McCoy and
Caldwell (1951) [1]. They conducted an investigation on the potential use of chemical admixtures to
prevent or minimize ASR-induced expansion and damage. After McCoy and Caldwell many other
researchers have studied this subject [2, 3, 4, 5, 6, 7, 8]. The incorporation of lithium into a fresh
concrete mix is relatively simple, however its application to a hardened structure is more difficult [9],
being normally ineffective in massive structural members, due to the difficulties in the penetration of
lithium ion in the concrete. An adaptation of the Electrochemical Chlotide Extraction (ECE) has been
studied by some researchers [10] in order to shorten the time of treatment and to increase the
efficiency of lithium impregnation. The ECE is a treatment process specially developed to extract
chlorides in a contaminated concrete structure. It involves the application of a low voltage DC electric
potential to migrate chloride out of a concrete structure. By making a few modifications to this
system, it can be used to drive-in lithium ions into concrete [9].

The study presented in this paper is part of an extensive work developed in the National
Laboratory of Civil Engineering (LNEC, I. P.), a public institution of the Portuguese Ministry for
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Public Works, Transports and Housing, aiming the study of the behaviour of different coatings and
lithium nitrate in the mitigation of ASR in concretes suffering from this pathology.

2 MATERIALS
2.1 General

In this work samples extracted from railway concrete sleepers, which are cracked by ASR and
delayed ettringite formation (DEF), were employed [11]. Several railway concrete sleepers were used,
which were produced by the same plant and at the same day. From each sleeper a total of 17 cores (74
mm in diameter) were taken by drilling.

2.2 Surface Coating Treatment

The concrete cores, 160 mm high, were prepared by careful abrasion in order to remove any
loose materials and to obtain an even surface. Before the products application the cores were dried
(relative humidity (RH) less than 5% measured at surface by a portable humidimeter). This RH of the
concrete was chosen in order to guarantee the best conditions for the application of the coating
systems. Each coating system was applied in a total of thirty cores extracted from two concrete
sleepers manufactured at same day and same hour, being the remaining four cores left uncoated to act
as a control (reference). Two of the three kind of surface treatments defined by the European
Standard EN 1504-2 [12] for protection and repair of concrete structures were selected for these study
— one hydrophobic impregnation and six coatings, which are presented on table 1.

2.3  Lithium Treatments
Concrete cores cutted and rectified with 50 mm high were prepared as previously described.
These samples were then subjected to three lithium ingress conditions as follows: immersion;
wetting/dtying cycles (W/D); and electrochemical migration (ECM) (Figure 1) with 20, 40 and 60V.
Since the electrochemical method presented the best result a new set of experiment was
performed but in concrete cylinders with 160 mm high — Figure 2. In this case the lithium was
migrated through the curved sides of the concrete core in order to guarantee a best migration efficacy.

2.4  Methods
2.4.1 Surface Coating Treatments
General
The coated and reference concrete specimens were subjected to three different test
environments, which could represent the normal environmental conditions in a real structure:
. Fog chamber, with T=20°C and RH>95%;
[ Immersion in tap water, at T= 20° C;

. Outdoor exposure, urban environment.

Expansion and Mass 1 ariation tests

Expansion measurements were performed in coated and reference concrete cores, according to
the French performance test for DEF in concrete [13]. In this method the expansion is obtained by
lateral length measurements in three equally spaced lines of two gauge reference studs each, with a
distance of 100 mm between the two studs of a given line, so permitting three readings per core. The
measurements were made at regular intervals using a SYLVAC 5229 deflectometer with 0,001 mm
precision adapted to the reference studs installed in the three laterals lines of each core.

Mass variation was evaluated in order to assess the increase of the weight due to the ingtress of
water inside the coated and reference specimens and to compare the different coating systems against
their resistance to water absorption.

Atomic Absorption Spectroscopy (AAS)

About 20 g of concrete was fragmented and dried in a vacuum chamber at 40 °C for 7 days
and crushed to pass a 160 pm sieve. Then the sample was dried at 105 °C for 15 hours. Sodium and
potassium determination was performed after extraction of 1 g of concrete with 100 ml of deionised
water [15]. The solution was stirred for 15 min and then left in rest for 24 hours at room temperature.
Sodium (Na) and potassium (K) were determined separately on a GBC 906AA atomic absorption
spectrometer and from there the Na;O.q was calculated [14].



Scanning Electron Microscope (SEM) coupled with a Energy-dispersive spectrometer (EDS)

Concrete specimens were fractured and left to dry in a vacuum chamber at 40 °C for 14 days.
Afterwards important concrete zones like pores with reaction products, interfaces and reaction rims
around the aggregates were selected to be observed. Some of these samples were left as freshly broken
surfaces and others were impregnated with an epoxy resin in order to obtain polished surface concrete
sections. All of the samples were coated with a gold-palladium film and observed in a scanning
electron microscope (SEM) JEOL JSM — 6400 coupled with an OXFORD INCA X-SIGHT EDX
spectrometer. Operating conditions were set at 15 kV.

2.4.2 Lithium Treatments
General
Concrete cylindrical specimens (74 mm in diameter and 50 mm high) were used to evaluate the
lithium diffusivity and migration. These specimens were pre-treated following the Standard Test
Method for Electrical Indication of Concrete’s Ability to Resist Chloride Ion Penetration (ASTM C
1202-05) [15] that can be described in the following steps:
° The specimens were surface dried in air for at least 1 hour, and then their curved sides
were sealed with adhesive tape.
. The specimens were placed in a container and left in a vacuum chamber (less than 50
mm Hg) for 3 hours, with both end faces exposed.
J After the 3h vacuum, boiled water was drained into the container with the vacuum
pump still running, and the specimens were covered with water.
. The immersed specimens were kept in the vacuum for one additional hour. After this
hour the vacuum was closed and the specimens were kept soaking for 1822 hours.

Tnmmersion

After the pre-treatment, the bottom sutrface of each specimen was immersed for different
periods (one to four weeks) in a 30% lithium nitrate solution. To evaluate the influence of the
temperature on the lithium diffusivity the tests were done at 20° C and 38° C, respectively.

Wetting/ drying cycles (W/ D cycles)

Concrete specimens prepared as described above are subjected to a total of four cycles. Each
cycle consists of two phases, immersion for one day in tap water at 20° C followed by drying for six
days in ait.

Electrochemical lithium migration (ECM)

Concrete cylindrical specimens pre-treated as described were subjected to three set of voltages
(20, 40 and 60V) for one week. A concrete cylinder without lithium was also tested in the same
conditions to act as a reference.

Expansion and Mass 1 ariation tests

After these sets of tests, concrete cylinders with 160 mm high prepared using the same pre-
treatment were used with a voltage of 60V. These concrete specimens were placed in a fog chamber at
T=20°C and RH>95%. Expansion and mass variation measurements were performed at regular
intervals according to the French performance concrete expansion test [13].

Scanning Electron Microscope (SEM) coupled with a Energy-dispersive spectrometer (EDS)

The first centimetre of each sample treated with lithium was broken and dried in a vacuum
chamber at 40 °C for 14 days. Some of these samples were kept as freshly broken surfaces and others
were impregnated with an epoxy resin in order to obtain polished surface concrete sections. All of the
samples wete coated with a gold-palladium film and analysed by SEM/EDX as previously desctibed.

3 RESULTS
3.1  Surface Coating Treatments
Expansion and Mass V ariation tests

The results of expansion and mass variation expressed as a percentage relatively to the initial
measured values, obtained after 180 days of exposure of the painted and reference concretes in the
different environmental conditions are presented in tables 2 and 3. Each value on the table represents
the average of 3 measurements on two specimens. The reference value corresponds to the average of



the two unpainted specimens taken from each sleeper. The efficacy factor is also presented in these
two tables, which was obtained according to Equation 1,
Ee., (0)-E, %
Ref.( 0) system—n ( 0) % 1 00 (1)

E Ref. (%)
being Ey, the expansion value of the unpainted reference concrete specimen at 180 days and E
the expansion value of the concrete specimen coated with system # at 180 days.

EEﬁicacy (%) =

systen-n

Alkalis determination by Atomic Absorption Spectroscopy (AAS)
Table 4 presents the results of the NayO.q content of the different coated and uncoated
concretes after 180 days exposure under the three environmental conditions.

Scanning Electron Microscope (SEM) coupled with an Energy-dispersive spectrometer (EDX)

Figure 3 presents SEM images of the reference concrete before and after 180 days exposure in
the fog chamber environment. The quantity of ASR and DEF products detected in the concrete after
180 days was much higher than the initially observed, being the DEF in much higher quantity than the
ASR gels. The same concrete exposed to the immersion environment presents, besides the DEF, a
ticker and higher quantity of ASR gel (Figure 4). These expansive products were mainly located in the
paste/aggtegate interfaces and in some voids inside the paste. The SEM/EDX study also showed that
after 180 days the CSH gel in the reference concrete from the immersion condition is more compact
than the same concrete in fog chamber environment (Figure 5) and with a lower alkali content.

The SEM observation confirms the presence of ASR and DEF products in both painted and
reference concretes, but the DEF occurrence seems to be more pronounced than the ASR.

3.2 Lithium Treatments
Expansion and Mass 1 ariation tests

The results of expansion and mass variation tests performed in the concrete treated with 60V
are shown in figure 6. In comparison with the most efficient coating system employed (P7 system) the
lithium migration shows a better expansion inhibition effect.

Alkalis determination by Atomic Absorption Spectroscopy (AAS)

Figures 7 and 8 presents the results of the lithium contents and NaxOeq (in %) of all the
lithium treatments employed. According these results, the ECM method was the most efficient
method in driving lithium into concrete. With only one week of treatment this method reveals to be
most effective than four weeks of treatment in the immersion methods.

Scanning Electron Microscope (SEM) coupled with an Energy-dispersive spectrometer (EDX)
The ASR gel appearance (figure 9) of the concrete treated with lithium shows a alveolar
structure that was associated with its less expansion behaviour and its less capability to absorb water.

4 DISCUSSION
4.1  Surface Coating Treatments

The expansion and mass variation results after 180 days exposure show that all coating systems
were effective under the outdoor environmental conditions, being the P2 and P7 the only ones
effectives under the both high humidity environments employed. This effect can be associated with
their influence in the reduction of the water absorption as observed by the lower mass variation
obtained, as compared with the reference concrete. The SEM/EDX observations, showing the
presence of ASR and DEF products inside all concretes, don’t present an explanation for the less
expansion behaviour of P2 and P7 coating systems.

4.2  Lithium Treatments

The application of ECE method in comparison with the immersion methods has shown a
great improvement in driving lithium into a concrete affected by ASR. The efficacy of the
electrochemical migration treatment seems to be directly related to the voltage applied and, despite the
differences obtained in the first centimetre due to the sampling, the 60V proved to be the most
effective condition to drive-in the lithium. The increment of lithium was accompanied by a decrease in
the alkalis availability (Table 5), which can be associated to a cation exchange mechanism.

The lower alkali content of the ASR gels in the concretes treated with lithium seems to be
related to the lithium ingress. Besides, these gels present a alveolar microstructure which can be



interpreted as a lower capacity to expand. Another important feature in the SEM/EDS obsetvations
was the difficulty in the detection of the deleterious ettringite. It seems that in the concrete treated
with lithium the ettringite is reduced confirming the results obtained by Ekolu and co-workers [16].

5 CONCLUSIONS

This work presents the results of the application of different coatings and lithium nitrate in the
mitigation of a concrete affected by ASR and DEF. Based on the obtained results it can be conclude
that the efficacy of the coating systems was very dependent on the test conditions employed, being the
P2 system (an cement-based polymer-modified coating system) the most effective protective coating
under the high aggressive humidity testing conditions. The employed test conditions allow predicting
with anticipation the inhibition behaviour of the coating systems against internal expansive reactions,
confirming the importance of the experimental design conditions to simulate the real environment
under which the structure is exposed and the correct use of the coating system for that environment.
In fact, P3, P4, P5 and P6 systems were not effective in preventing the ingtress of liquid water when
exposed to immersion or fog conditions. The obtained expansion tests results of the specimens
exposed to the outdoor environment show similar performance for all the coating systems, due to the
slow rate of these expansive reactions in the natural environmental condition. A longer exposure time
would be necessary to confirm the behaviour of these systems under this condition.

In comparison with the employment of coatings the treatment of the concrete by
electrochemical migration of lithium ion was more effective in ASR and DEF expansion reduction.
This method was also better than the immersion method to drive lithium ions into concrete. In terms
of practical use, the lithium treatment by electrochemical migration was not very different from the
well known ECE method for the chlorides extraction, being its higher cost compensated by the higher
efficiency in comparison with the surface coating treatments.
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TABLE 1: Coating systems employed.

Classification Coating Description
System
Ez;;;;k;?g; P1 hydrophobic impregnation
P2 cement-based polymer-modified coating 1
P3 cement-based polymer-modified coating 2 + acrylic coating with solvents
Coatings P4 solvent free acrylic coating
P5 white cement-based polymer-modified coating
P6 actylic coating with solvents
P7 epoxy-based coating system with a crack-bridging ability of 0,158 * 0,066 mm

TABLE 2: Expansion, mass variation and efficacy results of the concrete cores exposed to the fog chamber and immersion
environmental test conditions.

Fog Chamber exposure Immersion exposure
CS;:::E Expansion (%) Mass variation (4) | Fpcacy]  Expansion (%) Mass variation (%) | pzcacy
Reference | Painted | Reference Painted (%) | Reference | Painted Reference ‘ Painted %)
P1 0,09 0,09 0,90 0,68 0
P2 0,07 0,04 1,43 1,10 43 0,29 ‘ 0,07 ‘ 1,93 ‘ 1,28 | 76
P3 0,14 0,10 0,98 1,04 29
P4 0,09 0,10 1,38 1,38 -11
P5 0,08 0,06 1,43 2,23 25 0,07 ‘ 0,09 1,43 ‘ 3,30 | 29
P6 0,06 0,08 0,89 0,92 33
P7 0,05 0,03 1,17 0,30 40 0,07 ‘ 0,03 ‘ 1,49 ‘ 0,42 | 57

TABLE 3: Expansion, mass variation and efficacy results of the concrete cores exposed to
the outdoor environment.

Outdoor environment
Coating system Expansion (%) Mass variation (%)
Efficacy (%)
Reference Painted Reference Painted
P1 0,02 0,01 0,90 0,09 52
P2 0,04 0,01 1,43 0,54 125
P3 0,01 0,01 0,98 0,04 0
P4 0,01 0,00 1,38 0,05 100
P5 0,04 0,00 1,43 0,20 100
P6 0,01 0,00 0,89 -0,11 100
P7 0,05 -0,01 1,17 0,69 122

TABLE 4: Na2Ocq* (in %) content of the coated and reference concretes in the different
environmental test conditions in comparison with its initial value.

Coating system | Tnitial Fog chamber Immersion Natural
Reference | Painted | Reference | Painted | Reference | Painted
P1 0,096 0,053 0,074 0,038 0,082
P2 0,120 0,038 0,100 0,083 0,053 0,062 0,105
P3 0,096 0,067 0,068 0,056 0,040
P4 0,096 0,030 0,019 0,027 0,022
P5 0,095 0,038 0,061 0,038 0,031 0,043 0,082
P6 0,110 0,014 0,012 0,026 0,028
P7 0,118 0,059 0,051 0,051 0,041 0,053 0,102
T

Na,0,,(%) = Na,0(%) + 0,658 x K,0(%)




'TABLE 5: Lithium increment and alkali reduction in the lithium treatments.

Depth (cm) Li (0/0) NazOeq (0/0)
20° C 0,001 0,089
1 38° C 0,001 0,080
Immersion W/D cycles | 0,002 0,071
treatments 20° C 0,001 0,121
4 38° C 0,000 0,100
W/D cycles | 0,002 0,073
20V 0,006 0,069
1 40V 0,012 0,035
Electrochemical 60V 0,008 0,023
migration 20V 0,002 0,104
4 40V 0,006 0,070
60V 0,023 0,033
/\
v
< Anode
i) Conductor
t medium
DC Power - E Concrete
i Water
v Cathode

FIGURE 1: Schematic showing lithium ion migration experiment with concrete specimens 7450 mm.

FIGURE 2: Schematic showing lithium ion migration experiment with concrete specimens 74x160 mm.
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FIGURE 7: Li (%) evolution in the first’s 4 centimeters depth for the concrete specimens treated with lithium by immersion at
20° C, immersion at 38 °C, W/D cycles and by electrochemical method.
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FIGURE 8: Na20Oeq evolution in the first’s 4 centimeters depth for the concrete specimens treated with lithium by immersion at
20° C, immersion at 38 °C, W/D cycles and by electrochemical migration.
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d) and corresponding EDX analysis.





<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AllegroBT-Regular
    /Amandine
    /AmazoneBT-Regular
    /AmerTypewriterITCbyBT-Medium
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Medium
    /Batang
    /BatangChe
    /BenguiatITCbyBT-Bold
    /BERNARD
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardTangoBT-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BremenBT-Bold
    /Brigitte
    /CataneoBT-Bold
    /CataneoBT-Light
    /CataneoBT-Regular
    /CataneoBT-RegularSwash
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CharlesworthBold
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialScriptBT-Regular
    /CopperplateGothicBT-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /DauphinPlain
    /Dotum
    /DotumChe
    /EmbassyBT-Regular
    /EnglischeSchT-Bold
    /EnglischeSchT-DemiBold
    /EnglischeSchT-Regu
    /English111AdagioBT-Regular
    /English111PrestoBT-Regular
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EstrangeloEdessa
    /FlemishScriptBT-Regular
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /FuturaLtCnBTItalic
    /FuturaMdCnBTItalic
    /GandoBT-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondNo4CyrTCY-Medi
    /Gautami
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeometricSlab703BT-XtraBoldCond
    /GeometricSlab703BT-XtraBoldItal
    /Georges
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /JAMI
    /JIMMY1
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KARINE
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /LalexBigBadaboum
    /Latha
    /LibertyBT-Regular
    /Lithograph-Bold
    /LithographLight
    /LubalinGraphITCbyBT-Bold
    /LubalinGraphITCbyBT-Book
    /LubalinGraphITCbyBT-Medium
    /LubalinGraphITCbyBT-XtraLight
    /LuciaBT-Regular
    /LucidaConsole
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MingLiU
    /Miss_Clo
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /Myriad-BdWeb
    /Myriad-CnItWeb
    /Myriad-CnWeb
    /Myriad-ItWeb
    /Myriad-Web
    /NSimSun
    /OzHandicraftBT-Roman
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PMingLiU
    /PosterBodoniBT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /Raavi
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Shruti
    /SimHei
    /SimSun
    /SnellBT-Black
    /SnellBT-Bold
    /SnellBT-Regular
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SquareSlabserif711BT-Bold
    /SquareSlabserif711BT-Light
    /SquareSlabserif711BT-Medium
    /Staccato222BT-Regular
    /StymieBT-Bold
    /StymieBT-BoldItalic
    /StymieBT-ExtraBold
    /StymieBT-ExtraBoldCondensed
    /StymieBT-Light
    /StymieBT-LightItalic
    /StymieBT-Medium
    /StymieBT-MediumItalic
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TypoUprightBT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VivaldiD
    /WarnockPro-Bold
    /WarnockPro-BoldCapt
    /WarnockPro-BoldDisp
    /WarnockPro-BoldIt
    /WarnockPro-BoldItCapt
    /WarnockPro-BoldItDisp
    /WarnockPro-BoldItSubh
    /WarnockPro-BoldSubh
    /WarnockPro-Capt
    /WarnockPro-Disp
    /WarnockPro-It
    /WarnockPro-ItCapt
    /WarnockPro-ItDisp
    /WarnockPro-ItSubh
    /WarnockPro-Light
    /WarnockPro-LightCapt
    /WarnockPro-LightDisp
    /WarnockPro-LightIt
    /WarnockPro-LightItCapt
    /WarnockPro-LightItDisp
    /WarnockPro-LightItSubh
    /WarnockPro-LightSubh
    /WarnockPro-Regular
    /WarnockPro-Semibold
    /WarnockPro-SemiboldCapt
    /WarnockPro-SemiboldDisp
    /WarnockPro-SemiboldIt
    /WarnockPro-SemiboldItCapt
    /WarnockPro-SemiboldItDisp
    /WarnockPro-SemiboldItSubh
    /WarnockPro-SemiboldSubh
    /WarnockPro-Subh
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZinjaroLetPlain
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00530065007400740069006e0067007300200061007300200066006f00720020005000680044002d005400680065007300690073002000420072006f0065006b006d0061006e007300200028003200300030003200290020007000720069006e007400650064002000760065007200730069006f006e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


