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Abstract

A new model that takes into account
both the tin and the copper in the
alloy is proposed to improve the
understanding of deterioration pro-
cesses of outdoor bronze sculptures.
The corrosion mechanism relates to the
selective dissolution of copper. Two
main processes occur: the process of tin
oxidation with the formation of
insoluble tin compounds which remain
in the corrosion film, and the process
of copper oxidation with the migration
of copper ions to the surface.
Considering this mechanism, mecha-
nical action, and the acidity of the
precipitations, two different evolutions
at the surfaces are suggested. On the
surfaces directly exposed to the rain,
copper ions are washed out leaving a
tin-rich external layer. A cyclic corrosion
process is engaged. In the unexposed
surfaces, the outermost layer is formed
with  well-known copper corrosion
products.

This model can be used to establish the
degradation state of outdoor bronze

sculptures for a new conservation
approach.

Keywords

Atmospheric corrosion, bronze, con-

servation, corrosion products, outdoor
sculpture

Figure 1. Macroscopic view of black spots
surrounded by green pale corrosion pro-
ducts, porous and unprotected.
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Introduction

The purpose of this present paper is to outline a general framework for the
understanding of the corroded surfaces of outdoor bronzes. Due to the increase
in the pollution level of the atmosphere, the patinas on outdoor bronzes are now
generally unstable. This can be observed by green trails on the stone basements due
to the dissolution of copper. Numerous papers explain the bronze corrosion
process by applying the copper corrosion model which leads to the following
corrosion structure: a green outermost layer of copper II compounds (generally
hydroxysulfates) and an internal layer of copper oxide located on the unattacked
alloy[m].

The model described here was established from several investigations of outdoor
bronze sculptures such as Rodin's bronzes, a Stanislas statue in Nancy, France,
and other bronzes exposed to urban atmospheres (461 In these studies, different
analyses were performed to correlate the nature of the corrosion products and
their location with exposure conditions. The nature of patinas and their chemical
characteristics will be reviewed first. Then, this information will be used to
propose a qualitative mechanism for the growth of corrosion layers.

Some aspects of the problem cannot be presently specified with rigor. The semi-
quantitative assessment of the formation of corroded surfaces represents a step
towards a more complete understanding of the corrosion processes. This paper

will make frequent reference to published works on copper patina formation n

The nature of corrosion products

Analysis of corrosion products on outdoor bronzes (Cu-Sn alloys) revealed nu-
merous copper compounds which have their own characteristics, depending on
surface orientation and the conditions of atmospheric exposure. Characterization
of the corrosion products' thermodynamic stabilities and research on their for-
mation kinetics have already been published 81 Little is known about the
corrosion products of tin. They are generally not identified in the bronze patinas.
Nonetheless, recent results (4361 show that the corroded surfaces may be classified
in relation with their aspect (colour, morphology, hardness) and composition.
The different surface categories are related to the rainfall exposure conditions.
The results are summarised in Table 1.

Two types of surfaces may be distinguished: those exposed to rainfall, and those
protected from this effect. The first category in the table lists results for surfaces
exposed to rainfall. They are made of pale green products and black areas which
stand as islands surrounded by the pale green products (Figure 1). As already
mentioned by Weil ef al., the pale green areas act as anodes and the black areas
act as cathodes''”. Elementary analysis reveals that the surface compounds have
a high tin element content. X-ray diffraction or infrared spectrometry analysis
show that the copper compounds are mainly brochantite and seldom antlerite.
The second category in the table outlines results for the surfaces that are not
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Table 1. Comparison between main types of corroded surfaces of the outdoor bronzes exposed in urban areas. The compositions are
given in weight percent.
Main types of corroded surfaces

Areas washed by the rainwater ! Areas not washed by the rainwater
Composition Pale green to blue Black Green "Opaque" black
of the alloy (porous) (compact, very hard) (compact, = hard) (hard)
Rodin's statues CY (base) 3.65n mainly brochantite brochantite, organic brochantite, gypsum, antlerite, gypsum,
Paris [4] 1.3Zn and cuprite compounds (?) often antlerite, organic compounds (?),
(1880-1920) (Sn/Cu=0.8 +0.3) (Sn/Cu=0.2+0.1) sometimes atacamite atacamite, brochantite
(Sn/Cu = 0.08 + 0.07) (Sn/Cu =0.02 +0.02)
Des Boers _ _ _ mainly brochantite, some brochantite, antlerite,
Quebec [5] atacamite and cuprite atacamite, nantokite,
(1905) (Sn/Cu=0.22) cuprite, cassiterite
(Sn/Cu=0.014)
G.E. Cartier mainly brochantite, antlerite, brochantite,
Quebec [5] _ _ _ antlerite, cuprite atacamite, nantokite,
(1920) and some atacamite cuprite, cassiterite

(Sn/Cu=0.25)

Mgr de Laval brochantite and brochantite, cuprite
Quebec [5] _ cuprite _ (Sn/Cu=0.24) _
(1908) (Sn/Cu =1.56)

Le Triomphe de 88.4Cu, 4.35n, mainly brochantite antlerite, brochantite,
la Republique 5.3Zn, 1.4Pb (Sn/Cu=0.8 0.3) _ sometimes atacamite _
[6] Paris
(1889)

Stanislas 61Cu, 4Sn, 14.5Zn, brochantite, cuprite _ antlerite, quartz, gypsum brochantite, quartz,
Nancy 20Pb (Sn/Cu=0.7 +0.1) organic compounds? organic compounds?
(1831) (Sn/Cu=0.04+ 0.03) (Sn/Cu=0.01)

exposed to the rain. They are generally green deposits and/or opaque black
crusts ). These crusts (Figure 2) contain various incorporated atmospheric
particles and are often found above the green deposits. Compared to the first
group, these corrosion compounds have a low or very low tin elemental content,
and X-ray or IR spectrometry reveal that they contain both antlerite and bro-
chantite.

Due to their amorphous nature, tin compounds are very difficult to identify with
X-ray diffraction or infrared spectrometry. Variations in the colour or local
composition of the compounds have not been considered in this work. They are
not characteristics of the corrosion mechanism we will describe. Therefore, the
red-brown or "quasi-metallic" grey surfaces or cupric oxide and organic

compounds observed or detected will not be considered here .

Results given in Table I confirm that there is apparently no relationship between
the exposure time and the nature of outermost corrosion layers. This can be
correlated to a quasi-stationary state reached by the metallic materials in
atmospheric conditions. The range of time to achieve this condition is
decreasing: a bronze obtained its patina in several decades at the beginning of
the century, while ten years seems to be actually sufficient in the urban areas
of industrial countries "', The results also confirm that although metallic
structure relates directly to the alloy content, the Zn and Pb contents of the
base alloy appear to have a minor influence on the main characteristics of the
corrosion products ).

Figure 2. View of a bronze surface not
exposed directly to the rain. The
green compounds are partially recov-
ered by "opaque" black crusts.

These remarkably constant features reveal that outdoor bronzes have a general
corrosion behaviour which is strongly dependent on the washing effect of rain-
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water. Moreover, our understanding of corrosion phenomena must take into
account the influence of the tin in the alloy. The nature of the outdoor bronze
patinas cannot simply be regarded as that of the pure copper exposed to the
atmospheric environment.

Qualitative model for patina formation

The observed physical and chemical characteristics of the bronze patinas have
shown that some constant effects are observed. In order to explain these results, a
qualitative model is proposed. This model is based on the formation process model
of the corrosion structures observed for buried archaeological bronzes, according
to the specific conditions of the atmospheric corrosion !'* '*!,

The corrosion process is essentially caused by a presence of water on the bronze
surface. The water on the surface results from precipitation (fog, rain, snow, etc.)
or condensation at the metal surface "> P 7*®! In the absence of rainfall, the surface
water can be assimilated into an electrolyte film whose composition and pH
depend on the atmospheric compounds and the soluble corrosion products ©
7241 Atmospheric corrosion can be regarded as a corrosion process under an
electrolyte film. So, by comparison with bronzes partially immersed in an aqueous
electrolyte solution, two particularities must be recalled. First, the anodic
dissolution products that cannot be evacuated from the surface can easily induce a
deposit on the metal surface. This deposit may have either a protective effect if the
products are insoluble and homogeneous, or may have an aggressive character if
they are soluble and hygroscopic (i.e. porous). Secondly, the oxygen reduction rate
is greater than that of the usual aqueous electrolyte at the initial stage of corrosion
(] Therefore, it appears that the presence of porous deposits has no protective
effect. Moreover, these deposits can enhance the dissolution rate of the base alloy.
This important point will be considered later in this paper.

Significant amounts of tin products are systematically detected in corrosion
products on different bronzes. This result underlines the fact that the Cu-Sn alloy
behaviour is more complex than that of the pure copper. Although copper is
electrochemically more noble than tin, recent works have shown that for corrosive
conditions, such as those of natural environments, the Cu-Sn corrosion behaviour
is characterized by selective dissolution of the copper from the alpha phase of the
alloy ! Copper species can form deposits on the surface, as previously
mentioned. In relation to the effect of the rainfall, two types of surface evolutions
must be distinguished.

Figure 3 is a schematic diagram of the corrosion process which results in the
types of corrosion products described in the previous section. Three main steps
are outlined.

The first step is the basic mechanism of the selective dissolution of copper. In
contact with the surface water (electrolyte), the oxidation of the alloy can be
represented as:

{ 1 } Sn + 02 +n Hzo > SHOZ.HHzo
(2} Cu>Cu'+e- and Cu > Cu*'+e-

The "tin oxide," stable in aerated conditions and over a large pH range, is cathodic in
comparison to the copper. The copper ions produced during the process may build a
layer of copper compounds such as cuprous oxide on the top of the surface, while
tin compounds remain in the internal part of the corrosion layer.

The second step of the process augments the thickness of the copper deposit by the
formation of several copper(I) minerals, the nature of which is greatly dependent on
the local atmospheric compositions, i.e. mainly brochantite in urban areas or chlorine-
containing species in a marine environment. This process is similar to the
formation of copper patinas discussed by Graedel > P- 7367381



Working Group 22 Metals

Surfaces washed by the rainwater

) ATMOSPHERE
Basic mechanism
reduction of soluble species
Y corrosion oxidation of the alloy :
- formation of insoluble tin
L] products compounds (SnO ,.nH, O),
and migration of copper ions to
the surface.
- formation of copper species
bronze
(Cu-Sn alloy)
(2) \\\\\\\ N Increase in the corrosion
NN 2 layer:
S corrosion & formation of copper Il
i\ products L minerals (outermost layer) on

T b a inner corrosion layer rich in

tin compounds

' '

Surfaces not washed by the rainwater

(leaching out of copper Il ions)

[T

|||||||||||_||||||||‘ HHH ‘
corrosion

products

M e T, W W, %

outermost layer :
mainly CusS0O4.(OH)e, and
tin compounds (SnO; nH,0)

3D

(3.0

& products

S products \NAX

% corros
N
Cu* Cu

Cu* Cu**

outermost layer :
mainly copper species
CusS04.(OH)s, CuzSO4(OH)a

N
AN
Figure 3. Schematic representation of the processes involved in the outdoor bronze
corrosion.

For bronzes, the controlling step of the process is the migration of copper ions
from the alloy to the atmosphere through the deposit.

The third step is related to the surface exposure conditions. For actual environ-
ments, the acidity of rain and smog can both solubilise the outermost copper
corrosion compounds and promote the transformation of minerals. For example,
brochantite is transformed into antlerite (this process will be discussed later in
the paper). We can distinguish between surfaces directly washed by rainwater
(step 3.1) and surfaces which are not exposed to rainfalls (step 3.1II).

Soluble copper compounds are leached from the rain-exposed surface. The
deposit described in the second step is progressively destroyed. The surface is
"active" to the main corrosion process (i.e. selective dissolution of copper and
internal oxidation of tin of the first step). The corrosion proceeds from a
cyclic mechanism that is strongly correlated with the precipitation
frequency. Then, the heterogeneities of the metallurgical structure locally
enhance the formation of electrochemical coupling. The surface can be either
anodic (pale green areas) or cathodic (islands of black compounds); this is
probably related to the microsegregations in the alloy.
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Figure 4. Cleaning of a bronze statue by
walnuts shells with an air abrasive
technique.

The deposit of copper species on surfaces protected from rainfall may be
stable, but acidic waters can promote the transformation of brochantite into
antlerite (See fig. 3.1I). Increasing the acidity of the water film (pH higher than
3.5) leads to the dissolution of brochantite (CugSO4(OH)g) followed by antlerite

precipitation (CuzSO4(OH)4) in accordance with the reactions:
{3} CugS04(OH)g + 6H* > 4Cu2* +5042" + 6H20

{4} 3Cu2+ +5042" +4H20 > Cu3S04(OH) + 4H*

However, the antlerite formation needs an acidic water layer for a sufficiently
long period of time "% P 73 In the case of short acidity periods, which do not
allow the growth of antlerite, brochantite can reform on the surface. It is
therefore expected that antlerite forms preferentially on the unexposed areas of
sculptures that have lower evaporation rates than exposed surfaces.

The scenario developed here explains in a qualitative way nearly all of the results
obtained on numerous outdoor bronzes. Nevertheless, this model does not permit
one to solve all the problems. One of these problems is that the model is
based on a phenomenological approach which can only be used to diagnose
the de- graded state but cannot predict the evolution of local patinas on
outdoor monuments.

The second point is that the exact process of the transition from Step 2 to
Step 3.1 is not clearly established. Finally, as mentioned by Graedel, the
nature and role of organic species could be very important, but these factors are
not yet well understood P 731,

Application to the conservation of outdoor sculptures

Two main observations can be made based on the model described above.
Both aged and recent bronze patinas are now less protective due to air pollution
conditions in the environment. Also, the corrosion process is directly related to
the presence of water on the metal surface.

Therefore, from the conservation point of view, two conclusions can be drawn.
First, it is not relevant to remove the old patina to apply a new one, except to
change the aesthetic appearance. Secondly, the conservation of outdoor bronze
sculpture involves ensuring a good protection against exposure to water. To this
end, conservation treatments may consist of cleaning, passivation, and coating.

Cleaning methods

What should we remove? Dust or "opaque" black surfaces, located on the non
exposed areas, must be removed first. These materials form a layer (sometimes
more than 5 mm thick) that is very hygroscopic. Not only can these surfaces
maintain a high humidity level on the alloy surface, but its black appearance is
unaesthetic. Non-compact, pale green corrosion products located on the exposed
area are very porous and hygroscopic, and can compromise coating adhesion by
their pulverulence.

On the other hand, we can conserve black spots located on the exposed area
that delineate the limit of the original surface. However, it is often necessary
to remove them for their unaesthetic appearance. Green unexposed areas can be
found under the "opaque" black layer. They are not always stable, as is revealed
by the transformation of brochantite to antlerite, but they can be considered a
good substrate for an applied protective coating.

Several methods have been used for cleaning outdoor bronze sculpture including
manual cleaning (scalpel, metal brushes, etc.), electrically operated metal brushes,
water pressure tools, water-abrasive, and air-abrasive techniques. Each method
can often be used properly, but the most efficient in removal of dust and non-
compact corrosion products is certainly the air abrasive method "%, By varying
air pressure, the diameter of the nozzle, and the nature of the abrasive (softness,
size, geometry), it is possible to obtain a very good small- and large-scale
cleaning. The walnut shell air-abrasive technique (See Figure 4) is widely used
for bronze cleaning without stripping !'7).
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Figure 5. Coating of a bronze statue by
applying microsrystalline wax on the
cleaned surface.
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Passivation

There are few corrosion inhibitors available for bronze. Authors have only
considered the role of copper and have mentioned the utilisation of benzotriazole
(BTA), a copper corrosion inhibitor for outdoor bronze. Is benzotriazole, a good
inhibitor for bronze?

There is much to support the use of BTA in the literature. Benzotriazole may
build up a three dimensional film with copper, protecting the alloy from outside
attack. Turgoose shows that the formation of this film on ancient artifacts
happened after a week of immersion in an alcohol bath; obviously, this is not
possible for outdoor bronzes *!.

Benzotriazole has also been added to such coating systems as microcrystalline
wax formulations to increase their quality, such as in microcrystalline wax. For

some time, BTA was also added to the famous acrylic resin called Incralac
[19,20]

Coatings

Acrylic, polyester, polyurethane, natural wax, and mineral wax have been
used as coatings for outdoor bronzes. The characteristics to consider when
selecting as coating are life-time, reversibility, aesthetic appearance, and facility
of main- tenance.

Each chemical family has very different products and it is very difficult to
give general recommendations. However, polyurethane can be considered as the
best for its life-time (10 years), but it is also the worst for reversibility and
facility of maintenance, as it requires complete removal by air-abrasive
methods and reapplication for adequate protection. Mineral waxes
(microcrystalline) have short lifetimes (2 to 5 years), but have excellent
reversibility and maintenance properties. For instance, maintenance consists of
a simple water cleaning and application of a new layer. Acrylic has
intermediate properties, with a relatively good lifetime, and quite good solvent-
reversibility properties 291 1t is noteworthy that natural wax can generate acid
radicals which increase corrosivity at the surface. None of the coatings are fully
convenient, but our choice is oriented to the use of a microcristalline wax (See
Figure 5) with a high melting point because of its facility of maintenance. A
two years' maintenance is also good, because it forces people to maintain and to
clean their sculptures. Whatever cleaning technique and protection system is
chosen, we must be able to understand what should we remove, what should
we protect, how much time the coating can be protective, and what is the
maintenance process.

Conclusion

The corrosion behaviour of Cu-Sn alloys in outdoor atmospheric conditions is
notably more complex than for the pure copper. Though copper is intrinsically
a more noble metal than tin, the analysis of corrosion products revealed a tin
enrichment; this relates to the formation of tin oxide, which is cathodic to copper.
This phenomenon is always observed for bronze corrosion and is attributed to
a selective dissolution of copper from the Cu-Sn alloy. If the copper
compounds (mainly cuprous oxide and hydroxysulfates) can build a protective
and adherent deposit on the surface, the dissolution of the alloy will be stopped.
If such a deposit cannot be built up, i.e. for areas washed by rainwater, the
copper compounds will be leached and the corrosion will proceed by a cyclic
mechanism strongly related to the frequency of rainfall.

A new framework is given in this work for understanding the formation of
natural patinas. It enables future research to determine the precise mechanism
of the destabilisation of the copper compound layers and to improve
conservation treatments.



ICOM COMMITTEE FOR CONSERVATION, 1993 802

References

1. E. Mattsson, "The Atmospheric Corrosion Properties of Some Common Structural
Metals: A Comparative Study," Materials Performance?21, no.7 (1982): 9-19.

2. A. Lins, "Outdoor Bronzes: Some Basic Metallurgical Considerations in Sculptural
Environment," ed. V.N. Naide, Pennsylvania Academy of the Fine Arts (1985), 8-20.

3. V. Alunno-Rossetti and M. Marabelli, "Analyses of the Patinas of a Gilded Horse of St.
Mark's Basilica in Venice: Corrosion Mechanisms and Conservation Problems,"
Studies in Conservation 21 (1976): 161-170.

4. L. Robbiola and L.P. Hurtel, "Nouvelle contribution a 1'étude des mécanismes de
corrosion des bronzes de plein air: caractérisation de 1'altération de bronzes de Rodin,"
Mém. Et. Scien. Revue Mét. 12 (1991): 809-823.

5. E. Ghali and M. Fiset, "Etude de la protection des monuments en bronze de la ville de
Québec," Meét. Corr. Indus. 729 (1986): 145-155.

6. A. Amarger, P. Ausset, J. Dubos, and J. Philippon, "Restauration du groupe en bronze de
J. Dalou, le Triomphe de la République, place de la Nation a Paris," in Collogue sur la
Conservation-Restauration des Biens Culturels, ed. ARAAFU-Université Paris I, Paris,
2-4 Novembre (1989), 101-109.

7. "Copper Patina Formation," Special Issue, Corrosion Science 27, no. 7 (1987).

8. T.E. Graedel, "Copper Patinas Formed in the Atmosphere-IL," ibid. (7), 639-657.

9. T.E. Graedel, "Copper Patinas Formed in the Atmosphere-IL" ibid. (7), 721-740.

10. T.E. Graedel, "Copper Patinas Formed in the Atmosphere-I11," ibid.(7). 741-769.

11. C. Fiaud, "La corrosion atmosphérique du cuivre," International Symposium on
Control of Copper and Copper Alloys Oxidation, July (1992), to be published in
Mém. Et. Scien. Rev. Mét.

12. P.D. Weil, P. Gaspar, L. Gulbransen, R. Lindberg, and D. Zimmerman, "The
Corrosive Deterioration of Outdoor Bronze Sculpture," IIC Washington Congress,
Science and Technology in the Service of Conservation, ed. N. S. Bromelle, (1982),
130-134.

13. D.A. Dolske and J.D. Meakin, "Acid Deposition Impacts on Historic Bronze and
Marble Statuary and Monuments," Materials Performance 11 (1991): 53-57.

14. L. Robbiola and C. Fiaud, "Corrosion Structures of Long-term Burial Cu-Sn Alloys:
Influence of the Selective Dissolution of Copper," International Symp. on Copper
and Copper alloys Oxidation, July 1992, to be published in Mém. Et. Seien. Rev. Mét.

15. L. Robbiola and C. Fiaud, "Apport de l'analyse statistique de la composition des
produits de corrosion a la compréhension des processus de dégradation des bronzes
archéologiques," Revue d'Archéométrie 16 (1992): 109-120.

16. W.T.Chase and N.F. Veloz, "Some Considerations in Surface Treatment of Outdoor
Metal Sculpture," in AIC Preprints, May 1985.

17. A. Lins, "Techniques for Corrosion Product Removal," Dialogue 89, The Conser- vation
of Bronze Sculpture in the Outdoor Environment, NACE, GCI, J. Hopkins University,
11-13 July 1989.

18. S. Turgoose, "Techniques for Metal Sculpture Corrosion Inhibitors," Dialogue 89,
The Conservation of Bronze Sculpture in the Outdoor Environment, NACE, GCI, J.
Hopkins University, 11-13 July 1989.

19. R.H. LaFontaine, "The Use of a Stabilizing Wax to Protect Brass and Bronze
Artifacts," Journ. IIC-CG 4, no. 2 (1981): 46-48.

20. P.D. Weil, "The Approximate Two-year Lifetime of Incralac on Outdoor Bronze
Sculpture" (Paper delivered at the Fourth Triennial Meeting of the International
Council of Museums Committee for Conservation, Venice, 1975).



	Introduction
	The nature of corrosion products
	Qualitative model for patina formation
	Passivation
	There are few corrosion inhibitors available for bronze. Authors have only considered the role of copper and have mentioned the utilisation of benzotriazole (BTA), a copper corrosion inhibitor for outdoor bronze. Is benzotriazole, a good inhibitor for...
	There is much to support the use of BTA in the literature. Benzotriazole may build up a three dimensional film with copper, protecting the alloy from outside attack. Turgoose shows that the formation of this film on ancient artifacts happened after a ...
	Benzotriazole has also been added to such coating systems as microcrystalline wax formulations to increase their quality, such as in microcrystalline wax. For some time, BTA was also added to the famous acrylic resin called Incralac [19,20].
	Coatings
	Conclusion


<<

  /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



