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Abstract—Pentlandite leaching in binary and ternary systems comprised of FeCl;, CuCl,, and HCI was studied.
The degree of decomposition and recovery of pentlandite, as well as the kinetic characteristics of the process

were examined in relation to the composition of solution.
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Pentlandite (Pnt) (Fe,Ni)ySg is the main nickel-
containing mineral which, in association with chalcopyrite
and pyrrhotite, constitutes copper-nickel sulfide ores.
Nickel is traditionally recovered from sulfide raw
materials by flotation into a collective copper-nickel
concentrate to be processed by pyrometallurgic methods
into converter matte. At Russian enterprises, the latter is
separated into nickel and copper concentrates to be once
again subjected to pyrometallurgic refinement into crude
nickel and copper anodes with formation of sulfuric acid
[1]. The existing technology is power-intensive, bulky,
and environmentally hazardous; certain problems are
generated by sales and transportation of sulfuric acid.

Also, rich deposits are exhausted around the world;
the available raw materials are characterized by increased
complexity, and the minerals occur in the form unsuitable
for enrichment and efficient recovery into high-quality
concentrates by conventional methods. All this makes
the latter impractical in the actual economic situation and
necessitates the search for new methods of processing.
These activities are promoted by rising prices and steady
increase in demand for nonferrous metals [2, 3].

Up to the present time, pentlandite-containing
materials have been processed commercially by two
hydrometallurgical procedures: the ammonia procedure
developed by Sherritt Gordon and the autoclave sulfuric
acid procedure for processing of nickel-pyrrhotite
concentrates, employed at Noril’sk Nickel, Polar Branch,
Mining and Metallurgical Combine. In recent years,

new processes were developed and passed pilot tests:
Activox™ (Botswana), PLATSOL™ (US), and Inco’s
Voisey Bay (Canada). In Activox™ and PLATSOL™
autoclave processes, sulfur from sulfides is oxidized with
oxygen to sulfates. In the sulfate-chloride two-phase
process implemented at Voisey Bay most of sulfur is
transferred to elemental form. The first stage of the process
is run at atmospheric pressure with gaseous chlorine as
oxidant, and the second stage of decomposition, under
pressure in the presence of oxygen [1, 3, 4].

Copper(Il) and iron(III) chloride solutions are
suitable as oxidants for decomposition of the minerals at
atmospheric pressure with virtually exhaustive removal
of sulfur in the elemental form. Of special significance is
the fact that platinum group metals, which are often part
of copper-nickel ores, are concentrated in the leaching
residues. For details on other benefits of hydrochloride
processing of sulfide materials, see [5, 6].

The existing hydrochloride procedures are tailored
primarily for nickel concentrates with heazlewoodite
Ni;S, as the main nickel-containing phase, since it
exhibits acceptable dissolution rates in chloride media
at low potentials [1, 7].

Published data are indicative of researchers’ attempts
to use various oxidants and procedures for preliminary
processing of the initial material with the aim to develop
efficient methods for dissolution of Pnt. For example,
Warner et al. [8] reported that Pnt leaching with iron(I1I)
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chloride at atmospheric pressure is an extremely slow
process, with the mass transfer through the layer of the
resulting elemental sulfur being the rate-limiting stage
of the reaction. In leaching of pentlandite-containing
concentrates this process can be accelerated in the
presence of carbon tetrachloride, in which elemental
sulfur is dissolved, or after mechanical activation of the
material [9—11].

Lu et al. [12] and Park et al. [13] showed that
dissolution of sulfide minerals, in particular Pnt,
is significantly accelerated in solutions containing
copper(Il) chloride. After 6-h leaching, ca. 95% nickel
is recovered, the process being unaffected by carbon
tetrachloride [13].

Our previous studies concerned with the behavior
of the phase components of carbonyl nickel synthesis
residues (SR), pentlandite and cobalt pentlandite,
in iron(IIl) chloride solutions [14, 15] showed that
copper(Il) chlorides cause the degree of dissolution of
Pnt to substantially increase. Additional experiments
showed that the synergistic effect was also observed for
dissolution of Pnt concentrate under conditions similar
to those in SR leaching by iron(IIl) chloride solutions.
These conditions were provided by introduction of either
chalcosine (Cu,S) in the amount identical to that in the
SR or of copper(Il) chloride in the amount identical to
that in the SR leaching solution.

Here, we studied the degree of decomposition of Pnt in
relation to the composition of binary systems FeCl;—HCl
and CuCl,— FeCl; and ternary system CuCl,— FeCl,—HCIl.
This is essential for predicting the behavior of Pnt under
various conditions and achieving high recoveries at the
optimal composition of the leaching system. Studies
into decomposition of sulfide minerals with iron(I11) and
copper(II) chloride solutions attract much interest because
hydrochloride leaching is being assessed as an alternative

0.1 mm

Fig. 1. Electron image of the initial sample of natural pentlandite:
pentlandite grain morphology (grain size 0.02—0.20 um).
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to pyrometallurgic processing of straight nickel ores and
complex nickel sulfide concentrates.

EXPERIMENTAL

We used pentlandite concentrate with the following
phase composition: pentlandite (90%), pyrite (510 %),
chalcopyrite (up to 0.5 %), and pyrrhotite (individual
grains). The mineralogical analysis of the samples by
reflected light microscopy was carried out on an Ultrafot-
3 Opton microscope with 0.2-um resolution (Fig. 1). In
all the experiments we used the =50 + 20 pm fraction;
the chemical composition of the concentrate, wt%, was
as follows: Ni 39.4, Fe 35.5, and Co 0.6. We described
the experimental technique of pentlandite leaching earlier
[15]. The solid : liquid ratio in each experiment was
constant, 1 : 50. The X-ray phase analysis of the samples
was carried out on a DRON-2.0 diffractometer in Cuy,
radiation.

The particle morphology was examined by raster
electron microscopy on an SEM Leo0-420 electron
microscope. The content of the main components in
leaching solutions and residues was determined by
atomic-absorption spectrometry on an AAS (Karl Zeiss,
Germany) instrument. Model solutions for leaching were
prepared from chemically pure-grade FeCl; - 6H,0,
CuCl, - 2H,0, and HCI. The composition of the CuCl,—
FeCl;—HCI mixture was modeled using STATISTICA
6.0 program [16].

The experiments on Pnt leaching with FeCl,—HCl
and CuCl,— FeCl; solutions at isomolar ratios of the
components of the system and their total concentration
of 4 M (Fig. 2) are indicative of synergistic effect in each
of the systems examined: FeCl;: HCl1=3: 1 and CuCl,:
FeCly;=2:2.

Itwas shown earlier [ 16—18] that the catalytic effect from
hydrochloric acid and/or copper(Il) chloride in iron(III)
chloride solutions on various processes is associated with
formation of complexes whose composition varies with
the concentration of the components. In the FeCl;—HCl
system, [FeCl,]3», [HFeCl,], [H,FeCls], [H(FeCls)],
and [H,(FeCl)q]- complexes can be formed, and in the
CuCl,—FeCl; system, CuFeCls complex in which the
electron density is transferred from ligands and iron(I1I)
onto the copper(Il) ion. This decreases the effective
charge of the copper(Il) ion, thereby enhancing the
catalytic activity. The logarithm of the stability constant
of the complex is 1.374.
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Fig. 2. Recovery of the main components a in leaching of
natural pentlandite with binary mixtures, M: (a) FeCl;-HCl
and (b) FeCl;— CuCl, at the HCI concentration of 1 M and
different concentrations of the components. Experimental
conditions: 7= 80°C, =2 h, solid : liquid = 1 : 50. (a) Iron(III)
chloride and hydrochloric acid and (b) iron(III) chloride and
copper(Il) chloride taken in isomolar concentrations. (/) Ni;
(2) Co; and (3) Fe.

A decrease in the concentration of the complex in the
leaching solution (Fig. 3) against the background of the
sodium chloride concentration of 5 M causes the degree
of dissolution of Pnt to decrease.

Figure 4 shows the temperature dependence of the
degree of nickel leaching at temperatures within 313—
373 K in CuCl,— FeCl; solution at the 2 : 2 ratio of the
concentrations of the components. Hydrochloric acid was
introduced into solution to avoid formation of various iron
oxide and hydroxide species during leaching. The degree
of dissolution of Pnt tends to noticeably increase with the
temperature increasing beyond 333 K. In 5-h leaching at
373 K it was estimated at 90%.

Our experiments showed that, over the temperatures
range examined, these dependences can be adequately
described by the compressible sphere equation, derived
for solid-state kinetically limited reactions: kit =1 — (1—
a)13, where a is the proportion of the reacted substance; £,
reaction rate constant; and t, reaction time. The apparent
activation energy of the process was estimated at
78.1 kJ mol-! from the slope of the Arrhenius curve.
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Hence, Pnt leaching with the synergistic mixture proceeds
in the kinetic mode, while in the case of iron(I1I) chloride
solution the process is limited by diffusion through the
elemental sulfur layer [8].

Mineralogical and X-ray phase analyses of the
initial samples and solid residues from leaching of
pentlandite concentrate, as well as electron microscopic
examination showed that, under the actual conditions, Pnt
is decomposed without formation of intermediate phases:
The initial Pnt and elemental sulfur were identified. Figure
5 shows that the particle morphologies in CuCl,— FeCl;
and FeCl;—HCI systems are totally different. During
Pnt leaching in the FeCl;—HCI system the solution
diffuses deep inside the grains via micropores, and Pnt
is dissolved with formation of sulfur. This precludes
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Fig. 3. Degree of dissolution of pentlandite a vs. leaching
time, h, in relation and to the copper(Il) and iron(III) chloride
concentration at the sodium chloride concentration of 5 M.
Experimental conditions: solid:liquid = 1 : 50. Concentration
of components, M: (1) CuCl, 2, FeCl; 2, HCI 1; (2) CuCl, 1.0,
FeCl; 1.0, HC10.5; (3) CuCl, 0.6, FeCl; 0.6, HC1 0.3; (4) CuCl,
0.4, FeCl; 0.4, HC1 0.2.
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Fig. 4. Kinetic curves of pentlandite leaching in CuCl,—
FeCl;-HCl solution. Experimental conditions: ccycy, 2, Crec,
2, and cycy 1 M; a, degree of dissolution; and t, time, min.
Temperature, °C: (1) 40; (2) 60; (3) 80; (4) 90; and (5) 98.
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Fig. 5. Electron images of the leaching residues for natural pentlandite. Pentlandite grain morphology for leaching in solutions: (a) FeCl;—
HCl and (c) CuCl,— FeCls. Electron images (SEM) of sulfur deposits for leaching in solution: (b) FeCl;—HCI and (d) CuCl,— FeCls.

further decomposition of the mineral, as suggested by
deceleration of dissolution upon 2-h leaching. Warner et
al. [8] found that the reaction

Fe, sNiy sSg(sol) = 4.5Fe?*(aq) + 4.5Ni2*(aq) + S(sol)

+ 18e

departs from equilibrium because of a slow solid-
sate diffusion of the metal atoms inside the sulfur
sublattice with formation of metastable amorphous
sulfur. This is accompanied by occlusion of small Pnt
grains by elemental sulfur, followed by aggregation of
small particles around the initial grain (Figs. 5a, 5b).
A distinctive feature of Pnt leaching at CuCl,—FeCl;
concentrations corresponding to the synergistic
effect and in copper(Il) chloride solution is that the
nondecomposed mineral in the residues is not occluded
by elemental sulfur: The grain surfaces are basically
clean (Figs. 5c, 5d). Evidently, significant acceleration
of the process prevents sulfur polymerization. The
electron-microscopic data on the grain morphology
agree well with the results of mineralogical analysis.
The disperse sulfur particles formed on the Pnt grain
surface pass into solution and are aggregated (Fig. 5d).
The morphologies of the Pnt and elemental sulfur

particles in the case of CuCl,~HCl and CuCl,—FeCl4
systems are similar.

The composition of the CuCl,— FeCl;—HCI ternary
mixture was modeled using simplex-lattices with inner
points added in STATISTICA 6.0 program. The choice of
the model was determined by its complexity. Preliminary
studies revealed extrema of the function and inflections
for the FeCl;—HCI and CuCl,— FeCl; binary systems.
Hence, for the ternary system we chose the third-order
model which allows estimating nonlinear effects in binary
and ternary mixtures. The experimental design matrix
is presented in the table. The total concentration of the
components of the mixture was constant, 4 M. Leaching
was run for 2 h at 98°C. As response function a, whose
value depends on the composition of solution, we took the
degree of decomposition of the mineral, calculated for its
basic component, nickel. It was presumed that the degree
of decomposition varies with the mixture composition
solely. The dispersion analysis of the results in selecting
the model out of the hierarchy of models of ever growing
complexity (linear, quadratic, special cubic, and full
cubic models) revealed a satisfactory agreement with
the observed data for the full cubic model (determination
coefficient R = 0.996, p = 0.024, F = 40.0).

Figure 6 shows the response surface for regression
equation.
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a=1 'OOCCuC12 +0.81 CFCC13 + 0‘76CHC1 +0.1 8CCuC12 CFeCl3

+0.38¢cuct, crer T 0-44¢keciyCrcr — 2-27¢cyct, Crect(Ceuct,
- cFeCl3) = 0.50ccycyenci(Ceuct, — Cne)) — 0.47 CreCl3CHCI

* (Cpecty — Crer) — 2.08 coyclyCrect;CHCI-

We revealed a decrease in the degree of dissolution
of Pnt for solutions containing all the three components,
and an increase for the binary systems CuCl,— FeCl; and
FeCl;—HCI, as suggested by the observed synergistic
effects. Comparison of the data for 80 and 98°C (Figs. 2, 6)
suggests shifting of the maximal degree of decomposition
of Pnt toward higher iron(IIl) chloride concentrations
from 2 to 3 M for the CuCl,— FeCl; system. At the same
time, for the FeCl,—HCl system it is shifted toward lower
iron(IIl) chloride concentrations from 3 to 1.5 M.

Thus, our data allow predicting the behavior of
pentlandite in hydrochloride processing of sulfide raw
material and determining the optimal composition of
leaching solutions that ensures the maximal recovery of
valuable components.

CONCLUSIONS

(1) Pentlandite leaching in FeCl;—HCI and CuCl,—
FeCl; binary systems at isomolar ratio of components,
3:1 and 2:2, respectively, and their total concentration
of 4 M is accompanied by synergistic effect manifested
in substantial acceleration of dissolution of the initial
material.

(2) Leaching in the FeCl;—HCl system is accompanied
by occlusion of small pentlandite grains with elemental

Experimental design matrix

Ceucr, Crecty Cra o
0 0 4 0.76
4 0 0 1.00
0 4 0 0.81
1 1 2 0.91
1 2 1 0.94
2 1 1 0.84
2 2 0 0.95
2 0 2 0.97
0 2 2 0.88
3 0 1 0.96
0 3 1 0.84
0 1 3 0.91
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Fig. 6. Composition—degree of decomposition diagram for
pentl

sulfur, followed by aggregation of small particles around
the initial grain and is controlled by diffusion of the
solution through the elemental sulfur layer. At the same
time, leaching in the CuCl,— FeCl; system is controlled
by the chemical reaction with the apparent activation
energy of 78.1 kJ mol-1.

(3) For the ternary mixture CuCl,— FeCl; —HCI,
variation of the degree of dissolution of pentlandite can
be adequately described by the full cubic model. The
degree of dissolution of pentlandite decreases in the
presence in solution of all the three components, while
in the case of the binary interaction of the components in
the CuCl,— FeCl;—HCI system it increases, as suggested
by the observed synergistic effects.

ACKNOWLEDGEMENTS

This study was financially supported by the Russian
Foundation for Basic Research (project no. 08-03-98813-
r_sever a).

REFERENCES

1. Reznik, I.D., Ermakov, G.P., and Shneerson, Ya.M., Nikel’
(Nickel), Moscow: Mashinostroenie, 1995, vol. 3.

2. Conard, B.R., Hydrometallurgy, 1992, vol. 30, pp. 1-28.

3. Kuznetsov, R., Starykh, V., and Evgrafova, A., Nats.
Metallurgiya, 2004, no. 2, pp. 67-68.

4. McDonald, R.G. and Muir, D.M., Hydrometallurgy, 2007,
vol. 86, pp. 191-205.

5. Winand, R., Hydrometallurgy, 1991, vol. 27, pp. 285—
316.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No. 8 2009



1332

6. Dutrizac, J.E., Hydrometallurgy, 1992, vol. 29, pp. 1-45.
7. Zatitskii, B.E., Volkov L.V., and Shalygina, E.M., Tsvet.

10.

I1.

12.

13.

Met., 2004, no. 1, pp. 23-25.

. Warner, T.E., Rice, N.M., and Taylor, N., Hydrometallurgy,

1992, vol. 31, pp. 55-90.

. Park, K.H., Mohapatra, D., and Reddy, B.R., Separ. Purif.

Technol., 2006, vol. 51, pp. 332-337.

Balaz, P., Boldizarova, E., Achimovicova, M., and
Kammel, R., Hydrometallurgy, 2000, vol. 57, pp. 85-96.
Maurice, D. and Hawk, J.A., Hydrometallurgy, 1999,
vol. 52, pp. 289-312.

Lu, Z.Y., Jeffrey, M.I., Zhu, Y., and Lawson, F.,
Hydrometallurgy, 2000, vol. 56, pp. 63—74.

Park, K.H., Mohapatra, D., Hong-In, K., and Xueyi, G.,
Separ. Purif. Technol., 2007, vol. 56, pp. 303-310.

14.

15.

16.

17.

18.

KSHUMANEVA et al.

Kshumaneva, E.S., Kasikov, A.G., and Neradovskii,Yu.N.,
Trudy Vserossiikoi nauchnoi konferentsii i IV Fersmanovskoi
nauchnoi sessii [Proc., All-Russia Scientific Conf. and
IV Fersman Scientific Session], Apatity: K&M, 2007,
pp- 299-303.

Kshumaneva, E.S. and Kasikov, A.G., Zh. Prikl. Khim.,
2007, vol. 78, no. 2, pp. 185-190.

Khobotova, E.B., Nikolov, O.T., Kholin, Yu.V., and
Gorobets, S.D., Zh. Prikl. Khim., 1992, vol. 65, no. 3,
pp. 552-556.

Rubtsov, Yu.l., Emerdzhentnost’ kak faktor optimizatsii
v tekhnologiyakh blagorodno-metall 'nogo syr’ya
(Emergency as an Optimization Factor in Noble-Metal
Raw Material Technologies), Chita, 2003.

Golodov, V.A. and Kashnikova, L.V., Kinet. Katal., 1981,
vol. 22, no. 3, pp. 793-794.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No. 8 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 ()
  /PDFXTrapped /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 <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


