
IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 31, NO. 5, AUGUST 2021 6000706

Phase Evolution During Heat Treatment of Nb3Sn
Wires Under Development for the FCC Study
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Abstract—In recent years, the phase formation sequence during
heat treatment of Nb3Sn wires, and the influence of the microstruc-
ture and compositional homogeneity of Nb3Sn on in-field critical
current (Ic), have received increasing attention. For RRP wires,
the importance of understanding and managing the formation
of the ternary phase nausite has been demonstrated. However, a
published Cu–Nb–Sn phase diagram including this phase is still not
available; and conductor development for the Future Circular Col-
lider (FCC) study has introduced a variety of less-studied internal
tin wire layouts. In this article, a study of phase transformations in
the ternary Cu–Nb–Sn system is summarized, and selected isother-
mal sections of the re-evaluated phase diagram are presented.
The phase transformations during low-temperature heat treatment
steps of wires developed for the FCC study are also presented and
analyzed in comparison to established RRP conductors.

Index Terms—Heat treatment, Intermetallic, Microstructure,
Multifilamentary superconductors, Niobium-tin.

I. INTRODUCTION

THE development of Nb3Sn accelerator magnets for the
High Luminosity LHC (HL-LHC) Project at CERN, and

proposals for high-field Nb3Sn magnets for an energy-frontier
Future Circular Collider (FCC), have led to a resurgence of
research activity in Nb3Sn superconducting wires in recent
years. For FCC, challenging performance targets have been set,
notably a non-copper critical current density (Jc) of 1500 A mm-2

at 16 T and 4.2 K, and an effective filament diameter (deff) of
20 μm [1].

An important recent contribution was the reassessment of
heat treatment design for Restacked Rod Process (RRP) wires
(Bruker OST) undertaken by Sanabria et al. [2], [3]. Conven-
tional heat treatments include steps at around 210 °C and 400 °C,
followed by the reaction step that forms Nb3Sn at 650–665 °C
(Fig. 1), but the low temperature steps were not well understood.
Sanabria et al. were able to demonstrate the importance of
controlling nausite formation, and that a heat treatment step at
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Fig. 1. Heat treatment cycles used at CERN for reacting wires of the type in
Table I, based on manufacturer recommendations.

∼370 °C could increase Jc, avoiding the reduction often found
in wires with small sub-elements [2], [3].

Nausite is a Sn-rich Cu–Nb–Sn phase, which was first identi-
fied surprisingly recently. The phase is named after M. Naus,
who reported it in 2002 [4], but its structure and nominal
composition (Nb0.75Cu0.25)Sn2 were not reported until 2017
[5], and it does not appear in published phase diagrams [6].

Sanabria’s study of RRP wires confirmed that during a 215 °C
step, outward diffusion of Sn from the Sn core into the surround-
ing Cu results in the formation of successive Cu–Sn phases in
the sequence η (Cu6Sn5), ε (Cu3Sn) and α Cu(Sn) as expected;
sometimes with a localized region of a high-tin phase penetrating
a few layers into the Nb filament region. The inclusion or
omission of this step had no impact on the microstructure after
the 400 °C step. During the 400 °C step, a nausite ‘membrane’
forms at the interface between the core and the Nb filament
region, which progressively thickens, retaining Sn in the core but
permitting the inward diffusion of Cu, resulting in a decreasing
η content in the core [2], [3].

In addition to this influence on Cu and Sn interdiffusion,
the significance of nausite is that it consumes both Nb and Sn,
and it is believed to subsequently decompose to coarse and/or
disconnected Nb3Sn, thereby reducing the volume fraction of
fine-grained current-carrying Nb3Sn. The ‘nausite control’ heat
treatments proposed by Sanabria et al. had the goal of minimiz-
ing the volume of nausite formed while maximizing inward Cu
diffusion, and hence the conversion of η to ε in the core below
the decomposition of η at 408 °C [2], [3].

In the context of its FCC conductor development pro-
gram, CERN is undertaking collaborative projects with wire
manufacturers to develop Nb3Sn wires towards FCC perfor-
mance requirements [7]. This has resulted in new variants of
distributed barrier and distributed tin wires, which have not
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TABLE I
WIRE SAMPLES

aLayout A/B. For distributed barrier, A = superconducting sub-elements and
B = total stacked units (the balance being Cu). For distributed tin, A = multi-
filamentary Nb modules and B = total modules (the balance being Sn).
bFor distributed barrier wires, the nominal diameter of the sub-element; for the
distributed tin wire, the nominal diameter of the module of Nb filaments.
cThe sub-element Nb:Sn stoichiometry, if known. All wires are Ti-doped.

been as extensively characterized as RRP wires. In parallel, a
collaborative project with TU Bergakademie Freiberg is seeking
to better understand the Cu–Nb–Sn system and its interactions
with dopants, alloying elements and internal oxidation designs.
A detailed study of the relationship between NbSn2 and nausite
has recently been published [8], and a re-evaluation of the
Cu–Nb–Sn phase diagram is in preparation. In this article, initial
findings of this study are reported, including the stability range
of nausite and isothermal sections of the ternary phase diagram.
The phase transformations during the low-temperature heat
treatment steps of recent distributed tin and distributed barrier
designs are then analyzed and compared to RRP wires procured
for CERN’s magnet programs.

II. METHODS AND SAMPLES

A. Evaluation of Cu–Nb–Sn Phase Equilibria

To investigate phase equilibria, binary Nb–Sn and ternary
Nb–Cu–Sn samples were prepared using two techniques. Pow-
der samples were prepared by mixing powders of the pure
elements (≥99.8 % purity) with a pestle and mortar under an
Ar atmosphere. These mixtures were pressed into pellets at
750 MPa and sealed under Ar in fused silica tubes. Isothermal
heat treatments of 2 weeks at 400 °C and 500 °C were then
applied, and the samples quenched in ice water.

Diffusion couples were prepared by magnetron sputtering of
a 5μm thick Sn layer for binary Nb–Sn samples, and one Cu and
one Sn layer with a total thickness of 7 μm for ternary samples,
on a ground Nb substate (99.9 % purity). These ternary physical
vapor deposition (PVD) samples were prepared with different
layer thickness ratios to achieve Cu:Sn atomic ratios of 0.35,
0.6 and 1.2. Following pre-annealing (for ternary compositions),
7-day isothermal heat treatments were applied to each sample
at 220 °C, 300 °C, 400 °C and 500 °C.

The spatial distribution of phases was then investigated by
scanning electron microscopy (SEM), and their compositions
and lattice parameters were evaluated by energy-dispersive X-
ray (EDX) spectroscopy and X-ray diffraction (XRD).

To investigate thermal decomposition of nausite, a powder
sample with the composition 67 at% Sn, 25 at% Nb and 8 at% Cu
was heat-treated under an Ar atmosphere for 2 weeks at 500 °C.
In-situ X-ray diffraction was performed during heating over a 2θ
range of 29.5° to 35° with Cu-Kα radiation to identify the phase
transformations, and differential scanning calorimetry (DSC)

Fig. 2. Heat treatments used in this study: points mark the steps at which
samples were removed from the furnace and quenched to room temperature.

was performed with a ramp rate of 10 K/min to more precisely
determine the transition temperatures. Based on these studies,
and others not reported here, the Cu–Nb–Sn ternary phase
diagram has been re-evaluated using CALPHAD (Computer
Coupling of Phase Diagrams and Thermochemistry) methods.

B. Phase Transformations in Internal Tin Wires

Six internal tin Nb3Sn wires were selected for study, to allow
a comparison between designs developed in the FCC conductor
development program and commercial wires (Table I).

Distributed tin wire layouts of the type developed by JASTEC
and KAT for the FCC conductor development program are
represented by a 0.8 mm wire from JASTEC [7], [9]. The
distributed barrier wire developed by TVEL is represented by
a 1.0 mm sample from a recent R&D billet, similar to the type
previously reported [9] but with small deff. Three variants of
commercial RRP wire from Bruker OST were included in the
study: one 0.85 mm diameter wire procured for the production
of HL-LHC quadrupole (MQXF) magnets, and two types with
diameters of 1.0 mm and 0.7 mm procured for CERN’s high field
magnet program. The four distributed barrier wires have similar
sub-element sizes, but they differ in composition, overall wire
layout and Cu/non-Cu ratio (Table I).

The heat treatment cycles recommended for these wires differ
significantly (Fig. 1), but in all cases they include one or more
low temperature steps at 210 °C and/or ∼400 °C, and a reaction
step at ∼650 °C. To study phase transformation behavior during
low temperature heat treatment steps, a set of samples of each
wire type was cut, and each was encapsulated in a quartz tube
under vacuum. Heat treatments were then performed on batches
of samples at 210 °C, 370 °C, 400 °C and 450 °C; and an
additional heat treatment at 400 °C was performed for samples
first held for 48 h at 210 °C. In each case, samples were removed
from the furnace at the start of the isothermal segment and at
regular intervals thereafter — every 25 h up to 100 h for the
370 °C heat treatment, every 12.5 h up to 50 h for the 450 °C
heat treatment, and every 12 h up to 48 h in all other cases — and
quenched in water. The temperatures and intervals were chosen
to cover the range used for standard heat treatments for the wires
concerned (Fig. 1). The stages at which samples were quenched
are shown in Fig. 2.

The samples were then mounted in conductive resin for exam-
ination in cross-section, and polished for electron microscopy.
Backscattered electron images at 20 kV were obtained of the
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Fig. 3. Mean atomic volume as a function of copper molar fraction for PVD
and powder samples containing nausite and/or NbSn2 after isothermal annealing
at 300–500 °C, as calculated from EDX and XRD analysis.

overall wire cross-section and of representative sub-elements
at higher magnification. In selected cases, image analysis was
performed on the sub-element micrographs, using previously
reported Python scripts with the NumPy and SciPy libraries and
toolkits [10], to calculate the area fraction of nausite and NbSn2
relative to the sub-element area. The area fraction was averaged
over 5–11 sub-elements in each case.

III. EVALUATION OF CU–NB–SN PHASE EQUILIBRIA

Heat treatment of diffusion couples prepared by PVD on a Nb
substrate at 220 °C resulted only in the formation of Cu6Sn5 (η),
but Nb participated in intermetallic phase formation at 300 °C
and above. At 300 °C, nausite formed as plates with faceted
interfaces to the surrounding melt, with the volume fraction of
nausite increasing with the Sn concentration of the system. At
400 °C, a layer formed at the interface between η and Nb; and
at 500 °C, above the decomposition temperature of η, NbSn2
and Cu3Sn (ε) formed. Nausite also formed on heat treatment of
the powder mixtures at 400 °C and 500 °C: EDX analysis found
that the Cu content decreased from 10–11.5 at% at 400 °C to
8.5–9.5 at% at 500 °C.

Many samples contained both NbSn2 and nausite, which are
very closely related, and indeed are challenging to distinguish.
A detailed analysis of the structural relationships between the
phases has recently been published [8]. Having resolved them
in both PVD and powder samples, the composition and lattice
parameters of each phase were obtained from EDX and XRD,
and the mean atomic volume calculated. As shown in Fig. 3,
both phases have a broad Cu composition range: up to ∼4.5 at%
solubility for NbSn2, and a stability range of approximately
8–15 at% for nausite.

In-situ XRD of a nausite-containing powder sample was used
to assess the phase transformations on decomposition of nausite
(Fig. 4). Unfortunately the temperature was not accurately mea-
sured (due to the location of thermocouple), as is clear from
the elevated temperature for tin melting; but it is nevertheless
clear that at a higher temperature, the nausite reflections fade
and those of NbSn2 intensify simultaneously, indicating a de-
composition of nausite → NbSn2 + Sn(Cu). To determine the
onset temperature of this process, DSC analysis was performed,
as presented in Fig. 5. The melting of Sn and decomposition of η
are clearly visible at the established temperatures. The peak with
an onset at 586 °C is ascribed to the decomposition of nausite.

Fig. 4. High temperature X-ray diffraction data. The plotted temperature is
that of the heating element, to which the thermocouple was attached: the sample
temperature is significantly lower.

Fig. 5. Results of DSC analysis for a ternary Nb–Cu–Sn sample containing
nausite. Peak positions are marked with red dashed lines, and the onset of nausite
decomposition at ∼586 °C is shown with a red dotted line.

For a Nb3Sn wire heat treatment, this would occur during the
ramp to the reaction step. These results, and others not reported
here, are in use to develop a thermodynamic database for the Cu–
Nb–Sn system to allow calculation of the ternary phase diagram
using the CALPHAD method. Isothermal sections pertaining
to the presently applied heat treatment temperatures have been
calculated using a preliminary version of the database and are
presented in Fig. 6.

IV. ANALYSIS OF WIRE MICROGRAPHS AFTER

LOW-TEMPERATURE HEAT TREATMENT STEPS

Micrographs of samples quenched from the step at 210 °C
show, as expected, a shrinking tin core (bright white contrast),
as outward diffusion of tin proceeds and Cu–Sn phases grow
between the tin cores and the niobium filament regions. After
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Fig. 6. Isothermal sections of the ternary Cu–Nb–Sn phase diagram at
(a) 210 °C, (b) 300 °C, (c) 370 °C, (d) 400 °C, and (e) 450 °C.

48 h at 210 °C, this diffusion front has reached the niobium
filaments for all five wire types, and Sn is separated from the
Cu(Sn) surrounding the filaments by layers of Cu6Sn5 (η, light
grey) and Cu3Sn (ε, darker grey). When ε does extend to the
Nb stack, voids are visible as dissolution of the interfilamentary
Cu begins. This behavior is not markedly different between the
wire types. Nb filaments adjacent to wider Cu channels or more
distant from Sn sources remain in contact with almost pure Cu:
e.g., for irregularly shaped sub-elements (TVEL, Fig. 7(b)), and
where niobium modules are adjacent in distributed tin wires
(JASTEC, Fig. 7(f)). Even in the absence of non-uniformity,
there are cases for all wire types in which η extends into the
interfilamentary copper past the ε ring (Fig. 7(b), (d) and (f)), as
previously reported for RRP [2], [3].

At the end of the 210 °C step, some elemental Sn remained in
all cases. By the end of the ramp to 400 °C (Fig. 8), some residual
Sn(Cu) remained, but this was predominantly replaced byη, with
a ring of nausite at the interface with the Nb filament region. In
the distributed tin wire only, substantial pockets of ε have grown
at the interface adjacent to the Cu channels between Nb modules
(Fig. 8(e)), and some peripheral filaments in Nb modules remain
in contact only with Cu(Sn). As the 400 °C step progresses, the
nausite layer (bright white contrast) thickens, the core becomes
increasingly Cu-rich as inward copper diffusion continues, and
voids form progressively deeper into the interfilamentary region.
Image analysis confirms this trend quantitatively: for both the

Fig. 7. Micrographs of wire samples quenched from the 210 °C isothermal
heat treatment: the TVEL distributed barrier wire at (a) 0 h and (b) 48 h; the
1 mm diameter RRP wire at (c) 0 h and (d) 48 h; and the JASTEC distributed
tin wire at (e) 0 h and (f) 48 h.

Fig. 8. Micrographs of wire samples quenched from the 400 °C isothermal
heat treatment after 48 h at 210 °C: the TVEL distributed barrier wire at (a)
0 h and (b) 48 h; the 1 mm diameter RRP wire at (c) 0 h and (d) 48 h; and the
JASTEC distributed tin wire at (e) 0 h and (f) 48 h.

TVEL wire and the RRP wires, the area fraction of nausite
increases as a function of time (Fig. 10(a)).

For all three RRP wires, voids indicating Cu depletion of the
interfilamentary region extend to the diffusion barrier after 48 h
(e.g., Fig. 8(d)), and the majority of the core is converted to ε.
For the TVEL wire, the Cu-depleted region is smaller and less
uniform, and the core remains richer in Sn (Fig. 8(b)), due to
slower diffusion through locally narrower Cu channels and/or
the increased local thickness of the Nb filament region due to
sub-element nonuniformity. This suggests that a longer step at
∼400 °C would be advisable for the TVEL wires than the RRP
wires presented here.
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Fig. 9. Micrographs of the TVEL wire sample without a step at 210 °C
quenched from (a) the start (0 h) and (b) the end (48 h) of the 400 °C step.

Fig. 10. Area fraction of nausite determined by image analysis for distributed
barrier wires: (a) as a function of heat treatment duration at 400 °C, after a step
at 210 °C, and (b) for the 1.0 mm diameter RRP wire at the end of the final
isothermal step, as a function of temperature (with and without a prior step at
210 °C). Note that at 450 °C the main phase found in the high-Sn ring next to
the Nb filaments is NbSn2. Dashed lines are a guide to the eye only.

Fig. 11. Micrographs of wire samples quenched after a 100 h isothermal heat
treatment at 370 °C: (a) JASTEC and (b) TVEL.

For the JASTEC wire, a much smaller portion of the inter-
filamentary region is Cu-depleted (Fig. 8(f)), but the remaining
Sn content outside the filament region is also lower: almost no
η remains, and voids occupy the original Sn cores. The same
was also true after 100 h at 370 °C (Fig. 11(a)). This is due
to the radius of the Nb module being larger than the thickness
of the RRP filament region, and the additional accessible Cu
outside the filament region. This suggests that nausite control
is a lesser concern for distributed tin wires, and that shorter
low-temperature steps are likely to be sufficient.

Comparing samples with and without an initial 210 °C step,
a thicker layer of nausite has formed by the end of the ramp to
400 °C in the former case (Fig. 9); but after 48 h at 400 °C,
there is almost no residual effect. This was previously reported
for RRP wires [2], [3], and is confirmed here also for the TVEL
and JASTEC layouts (Fig. 10(b)).

Increasing the intermediate heat treatment temperature from
370 to 400 °C markedly increases the area fraction of nausite,
as shown in Fig. 10(b) for the 1.0 mm RRP wire, even con-
sidering that a longer duration (100 h) was applied at the lower
temperature (370 °C). At 450 °C, the trend of a growing high-Sn
ring next to the Nb filaments continues, but the phase present is
primarily NbSn2. It should be noted that after 100 h at 370 °C, the

η fraction of the core remains much higher for both TVEL and
RRP wires than after 48 h at 400 °C (Fig. 11(a)), suggesting
that careful optimization of the temperature and duration is
needed.

V. CONCLUSION

Phase equilibria studies of the Cu–Nb–Sn system have iden-
tified a broad Cu solubility range for both NbSn2 and nausite,
which are closely related phases. The Cu composition range of
nausite decreases as the temperature increases, and the phase
decomposes to NbSn2 and Sn(Cu) at ∼586 °C. A ternary phase
diagram is in preparation, and isothermal sections in the low
temperature range have been presented.

The behavior of both distributed tin (JASTEC) and distributed
barrier (TVEL) wires during low temperature heat treatment
steps is broadly similar to that of RRP wires; and different Sn
stoichiometries have only a minor effect. This suggests that the
heat treatment optimization principles proposed by Sanabria
et al. remain applicable: the step at 210 °C is beneficial only
for avoiding Sn bursts (especially in cables/coils [11]), and a
relatively long step at a temperature below 400 °C is desirable
to reduce the η content of Sn-rich regions without excessive
nausite growth [2], [3].

There are, however, some differences between the wire types.
For distributed tin wires, nausite control seems to be a lesser
concern (as more Cu is accessible outside the filament region),
and shorter low-temperature steps should be sufficient. It will
be assessed in future studies whether the lower porosity of
the interfilamentary region in this wire type is beneficial for
compositional uniformity or Nb3Sn growth kinetics.

For distributed barrier wires, the required heat treatment du-
ration has been found to be sensitive to sub-element geometry
due to its influence on diffusion kinetics. In all cases, however,
100 h at 370 °C was insufficient to achieve complete η to ε
conversion. To realize the potential benefits of using a lower
temperature than 400 °C, wire-specific optimization of the tem-
perature and duration is therefore needed. An extension of this
study to include Nb3Sn formation and the resulting Jc and RRR
performance is in progress.

Temperature ranges for nausite formation are broadly con-
sistent between the diffusion couple and wire studies, but it
should be noted that the wires studied are all Ti-doped: an
extension of the phase equilibria studies to include dopants,
alloying elements and internal oxidation is planned. Further
study of the 400–450 °C temperature range is in progress.

ACKNOWLEDGMENT

The authors gratefully acknowledge the collaboration partners
in the FCC conductor development program contributing to this
work: TVEL and JASTEC, who provided the wire samples,
and KEK, with whom wire development activities in Japan are
jointly coordinated.

REFERENCES

[1] A. Ballarino and L. Bottura, “Targets for R&D on Nb3Sn conductor
for high energy physics,” IEEE Trans. Appl. Supercond., vol. 25, no. 3,
Jun. 2015, Art. no. 6000906.

[2] C. Sanabria, “A new understanding of the heat treatment of Nb3Sn super-
conducting wires,” Ph.D. dissertation, Florida State Univ., Gainesville, FL,
USA, 2017. [Online]. Available: http://purl.flvc.org/fsu/fd/FSU_2017SP_
Sanabria_fsu_0071E_13761

http://purl.flvc.org/fsu/fd/FSU_2017SP_Sanabria_fsu_0071E_13761


6000706 IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 31, NO. 5, AUGUST 2021

[3] C. Sanabria, M. Field, P. J. Lee, H. Miao, J. Parrell, and D. C. Larbalestier,
“Controlling Cu–Sn mixing so as to enable higher critical current densities
in RRP Nb3Sn wires,” Supercond. Sci. Technol., vol. 31, Apr. 2018,
Art. no. 064001.

[4] M. Naus, “Optimization of internal-Sn Nb3Sn composites,” Ph.D. dis-
sertation, Univ. Wisconsin-Madison, Madison, WI, USA, 2002. [On-
line]. Available: https://fs.magnet.fsu.edu/∼lee/asc/pdf_papers/theses/
mtn02phd.pdf

[5] S. Martin, A. Walnsch, G. Nolze, A. Leineweber, F. Léaux, and C.
Scheuerlein, “The crystal structure of (Nb0.75Cu0.25)Sn2 in the Cu–Nb–
Sn system,” Intermetallics, vol. 80, Jan. 2017, pp. 16–21.

[6] J. P. Charlesworth, I. Macphail, and P. E. Madsen, “Experimental work on
the niobium-tin constitution diagram and related studies,” J. Mater. Sci.,
vol. 5, no. 7, pp. 580–603, Jul. 1970.

[7] A. Ballarino et al., “The CERN FCC conductor development program: A
worldwide effort for the future generation of high-field magnets,” IEEE
Trans. Appl. Supercond., vol. 29, no. 5, Aug. 2019, Art. no. 601709.

[8] J. Lachmann, N. Huber, and A. Leineweber, “Nausite and NbSn2 – growth
and distinction of structural related intermetallic phases in the Cu–Nb–Sn
system,” Mater. Charact., vol. 168, Oct. 2020, Art. no. 110563.

[9] S. C. Hopkins, A. Baskys, B. Bordini, J. Fleiter, and A. Ballarino, “Design,
performance and cabling analysis of Nb3Sn wires for the FCC study,”
J. Phys.: Conf. Ser., vol. 1559, 2020, Art. no. 012026.

[10] S. C. Hopkins, A. Baskys, A. Canós Valero, and A. Ballarino, “Quantitative
analysis and optimization of Nb3Sn wire designs toward future circular
collider performance targets,” IEEE Trans. Appl. Supercond., vol. 29, no. 5,
Aug. 2019, Art. no. 6001307.

[11] C. Sanabria, I. Pong, L. P. LaLonde, and S. Prestemon, “Further heat
treatment optimizations for Nb3Sn conductors: From wires to cables,”
IEEE Trans. Appl. Supercond., vol. 29, no. 5, Aug. 2019, Art. no. 6001104.

https://fs.magnet.fsu.edu/&sim;lee/asc/pdf_papers/theses/mtn02phd.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


