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The Universal Extraction (UNEX) process has been 
developed for simultaneous extraction of cesium, 
strontium, and actinides from acidic solutions. This 
process utilizes an extractant consisting of 0.08 M 
chlorinated cobalt dicarbollide (HCCD), 0.007-0.02 M 
polyethylene glycol (PEG-400), and 0.02 M diphenyl-
N,N-di-n-butylcarbamoylmethylphosphine oxide 
(Ph2CMPO) in the diluent trifluoromethylphenyl sulfone 
(CF3C6H5SO2, designated FS-13) and provides 
simultaneous extraction of Cs, Sr, actinides, and 
lanthanides from HNO3 solutions. 

The UNEX process is of limited utility for processing 
acidic solutions containing large quantities of lanthanides 
and/or actinides, such as dissolved spent nuclear fuel 
solutions. These constraints are primarily attributed to 
the limited concentrations of CMPO (a maximum of ~0.02 
M) in the organic phase and limited solubility of the 
CMPO-metal complexes. As a result, alternative actinide 
and lanthanide extractants are being investigated for use 
with HCCD as an improvement for waste processing and 
for applications where higher concentrations of the 
metals are present. 

Our preliminary results indicate that diamide 
derivatives of dipicolinic acid may function as efficient 
actinide and lanthanide extractants. The results to be 
presented indicate that, of the numerous diamides studied 
to date, the tetrabutyldiamide of dipicolinic acid, TBDPA, 
shows the most promise as an alternative 
actinide/lanthanide extractant in the UNEX process. 

I.  INTRODUCTION 

Chlorinated cobalt dicarbollide (CCD) is a well-
studied cesium extractant from acidic, aqueous media. 
The acidic form of chlorinated cobalt dicarbollide 
(HCCD) is a strong acid in polar, organic diluents and 
extremely hydrophobic. Many extractants exhibit a strong 
synergism when used in conjunction with HCCD for the 
extraction of metal ions from acidic media. The addition 
of polyethylene glycols (PEG) or crown ethers affords 
simultaneous extraction of both cesium and alkali earth 
elements.1 Incorporating bidentate organophosphorus 

compounds in the organic phase results in the 
simultaneous extraction of the actinide (An) elements and 
lanthanide (Ln) elements.2 Mixtures of various 
carbamoylmethylphosphine oxides (CMPO) with HCCD 
make it possible to simultaneously obtain very high 
distribution ratios for cesium, An and Ln elements from 
acidic media. 

Collaborative efforts between the Idaho National 
Laboratory (INL) and Khlopin Radium Institute (KRI) 
began in 1994 to evaluate solvent extraction technologies 
developed in Russia and in the Czech Republic for their 
applicability to legacy acidic radioactive liquid wastes.  
The collaboration resulted in the successful demonstration 
of HCCD (Cs extraction) and HCCD/polyethylene glycol 
(Cs and Sr extraction) flowsheets on samples of actual 
INL tank waste.3,4 Ongoing collaborative efforts focused 
on development and demonstration of a Universal 
Extraction (UNEX) process flowsheet to simultaneously 
and selectively extract all the major radionuclides (137Cs, 
90Sr, and TRU elements) from INL wastes.5-8 In its 
current state of development, the UNEX process 
incorporates HCCD, polyethylene glycol with an average 
molecular weight of 400 g/mol, (PEG-400), and diphenyl-
N,N-di-n-butylcarbamoylmethylphosphine oxide 
(Ph2CMPO) dissolved in a suitable diluent to 
simultaneously extract the major radionuclides.  UNEX 
development efforts culminated with the identification of 
trifluoromethylphenyl sulfone (CF3C6H5SO2, designated 
FS-13) as a suitable, polar diluent for the UNEX process, 
eliminating the use of nitrobenzene and nitroaromatic-
based diluents.  The FS-13 diluent exhibits excellent 
radiolytic and chemical stability, is relatively innocuous, 
and provides necessary solubility of HCCD, PEG-400, 
and Ph2CMPO and their respective metal complexes.9
Finally, the density and viscosity of the organic phase are 
suitable for processing applications. 

The UNEX demonstrations on actual acidic waste 
samples are a significant milestone; it is the only 
demonstrated concept for the simultaneous removal of the 
major radionuclides from radioactive waste in a single 
step.  Removing all major radionuclides in a single 
process represents a significant economic advantage by 



providing substantial capital and operating cost savings, 
compared to using multiple (two or three) unit operations 
to remove the different radionuclides.  Recent studies at 
the INL confirm that the UNEX process could provide 
substantial lifecycle cost savings compared to other 
treatment options for legacy INL radioactive wastes.10.11

The UNEX process was initially developed for the 
treatment of acidic aqueous radioactive wastes, which 
contain relatively low concentrations of the target 
radionuclides.  The UNEX process is of limited utility for 
processing acidic solutions containing large quantities of 
lanthanides and/or actinides, such as dissolved spent 
nuclear fuel solutions.  These constraints are primarily 
attributed to the limited concentrations of Ph2CMPO (a 
maximum of ~0.02 M) attainable in the organic phase and 
the limited solubility of the CMPO-metal complexes.  As 
a result, alternative actinide and lanthanide extractants are 
being investigated for use with HCCD as an improvement 
for waste processing and for applications where higher 
concentrations of metals are present. 

Various diamides have been proposed as synergist 
agents with HCCD for the extraction of actinide and 
lanthanide ions from acidic media.2,12 Our preliminary 
results indicate that diamide derivatives of dipicolinic 
acid may function as efficient actinide and lanthanide 
extractants.  The general structure of substituted 2,6-
pyridinedicarboxamide derivatives (R’R”NCO)2C5NH3)
studied in this work is shown in Figure 1.  

The results to be presented indicate that, of the 
numerous diamides studied to date, the tetrabutyldiamide 
of dipicolinic acid, TBDPA, (see Figure 2) shows the 
most promise as an alternative actinide/lanthanide 
extractant in the UNEX process. 

II. EXPERIMENTAL 

The dichloroanhydride of picolinic acid was prepared 
in accordance with literature accounts.13 Chloroanhydride 
(5 mM in chloroform) prepared in this manner was added 
to a solution of chloroform containing 20 mM di-n-
butylamine, stirred and cooled to  40 . After addition 
of the entire amount of dichloroanhydride, the mixture 
was kept overnight. This was followed by washes with 3 

 HCl, water, 5% NaOH solution and again with water. 
Thereafter, the product was dried over anhydrous sodium 
carbonate and the chloroform was distilled. The tetra-n-
butyl DPA ( BDPA, 60% yield) was obtained as an oil 
and purified by column chromatography on silica gel. 

NMR and mass-spectroscopy were used to confirm 
the structure and purity of the resulting compound. The 
final purity of the TBDPA derivative was not lower than 
98%. NMR-spectra were taken on a Bruker, Avance 
DPX-300 spectrometer. Solutions in CDCl3 and chemical 
shifts were calculated from residual solvent proton signals 
(7.28 ppm) for 1H-spectra and from the average carbon-13 
triplet signal of the solvent (77.4 ppm) for 13 -spectra. 

Chlorinated cobalt dicarbollide was obtained from 
Katchem Co. (Czech Republic) as the Cs salt (CsCCD) 
and used without additional purification. Stock, 
concentrated solutions of CsCCD were converted to the 
acid form, HCCD, by repeated contacts with dilute 
HClO4. The resulting HCCD stock solutions were 
subsequently washed with dilute HNO3 to remove traces 
of HClO4 from the organic phase prior to preparation of 
the test solution. The concentration of dicarbollide in the 
organic phase is determined indirectly by potentiometric 
titration of HCCD with standard base assuming formation 
of the 1:1 H+:CCD- entity. Other reagents were of 
analytical grade and used as received.  The 137Cs, 85Sr, 
154Eu, and 241Am radiotracers were obtained from Isotope 
Products (Burbank, CA) and used as received. 
Polyethylene glycol with an average molecular weight of 
400 was obtained from Fisher Scientific and used as 
received. 

Distribution ratios (D = [Metal]org / [Metal]aq) were 
measured by equilibrium batch contacts between the 

Fig. 2.  Structure of tetrabutyldiamide of dipicolinic 
acid, TBDPA. 

Fig. 1.  General structure of 2,6-pyridinedicarboxamide 
derivatives (R’R”NCO)2C5NH3) studied in this work. 



organic phase and aqueous phase at an organic-to-
aqueous phase ratio of unity (O/A = 1).  The aqueous 
phase was of the appropriate HNO3 concentration and 
spiked with the major radionuclides of interest (137Cs,
85Sr, 154Eu, or 241Am) in trace quantities (typically, less 
than 10-7 M each).  The phases were contacted using a 
vortex mixer for two minutes, which was determined to 
be sufficient mixing time to ensure equilibrium conditions 
were met.  Following mixing, the phases were separated 
by centrifugation.  In all cases the organic phase was pre-
equilibrated by contacting it three times with fresh HNO3
of the appropriate concentration to ensure that the HNO3
was present in equilibrium quantities. The pre-
equilibrated organic phase was then contacted with an 
aqueous phase containing trace amounts of all the 
aforementioned radionuclides and the distribution ratios 
were calculated from the results of gamma spectroscopy. 

III.  RESULTS AND DISCUSSION

III.A.  Cesium and Strontium Extraction

In order to examine the distribution behavior of 
cesium and strontium in the presence of TBDPA, solvents 
containing a fixed concentration of 0.13 M HCCD and 
0.027 M PEG-400 and varying concentrations of TBDPA 
were prepared in the UNEX diluent, FS-13. This solvent 
composition was chosen based upon the results of 
previous experiments.3-8 Distribution ratios for 137Cs and 
85Sr, as a function of aqueous phase nitric acid 
concentration and TBDPA concentration are given in 
Figures 3 and 4, respectively. The cesium and strontium 
distribution ratios both exhibit a near linear decrease with 
increasing TBDPA concentration.  
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Fig. 3.  Distribution ratios for 137Cs as a function of nitric 
acid concentration and concentration of TBDPA for 
solvents containing 0.13 M HCCD and 0.027 M PEG-400 
in FS-13. 
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Fig. 4.  Distribution ratios for 85Sr as a function of nitric 
acid concentration and concentration of TBDPA for 
solvents containing 0.13 M HCCD and 0.027 M PEG-400 
in FS-13. 

The observed trends are consistent with those 
observed with other HCCD-based extraction systems. 
Metal extraction in solvent systems containing HCCD 
occurs by a liquid-liquid cation exchange mechanism with 
complete dissociation of the solvated metal cation in the 
organic phase. The CCD- anion serves to stabilize the 
extracted metal cation by formation of an outer-sphere 
complex with the cation in the organic phase. The 
observed decreases in Cs and Sr distribution ratios as a 
function of both nitric acid concentration and TBDPA 
concentration are the direct result of competition between 
the metal cation and solvated proton for the CCD- anion 
in the process solvent. 

III. B.  Actinide and Lanthanide Extraction

Previous work has demonstrated that the diamides of 
DPA are not capable of extracting metals from acidic 
solutions in the absence of a synergist.14,15 In order to 
examine the synergistic extraction of lanthanides and 
actinides, mixtures containing HCCD, PEG-400 and 
TBDPA in FS-13 were prepared. The HCCD and PEG-
400 composition was chosen based upon the results of 
previous experimental observations [5-8]. Distribution 
ratios for 154Eu and 241Am, as a function of aqueous phase 
nitric acid concentration and TBDPA concentration are 
given in Figures 5 and 6, respectively. 
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Fig. 5.  Distribution ratios for 154Eu as a function of nitric 
acid concentration and concentration of TBDPA for 
solvents containing 0.13 M HCCD and 0.027 M PEG-400 
in FS-13. 
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Fig. 6.  Distribution ratios for 241Am as a function of nitric 
acid concentration and concentration of TBDPA for 
solvents containing 0.13 M HCCD and 0.027 M PEG-400 
in FS-13. 

In the absence of TBDPA, the measured 154Eu and 
241Am distributions are greater than 1 for aqueous acid 
concentrations less than approximately 0.5 M HNO3. As 
the acid concentration is increased above this value, the 
observed distributions fall below unity. This trend has 
been previously observed in the UNEX solvent system [5-
8] and indicates that HCCD is capable of extracting 
lanthanides and actinides from dilute acid solutions. The 
decrease in the measured Eu and Am distribution ratios at 
0.1 M HNO3 as the TBDPA concentration is increased 
from 0.00 to 0.09 M is attributable to the competition 
between HCCD and TBDPA for the metal cation. 

The distribution data presented in Figures 5 and 6 
demonstrate that TBDPA in the presence of HCCD and 
PEG-400 exhibits a synergistic extraction of Eu and Am 
from HNO3 solutions. The maximum distributions for Eu 
(DEu>3000) and Am (DAm>10000) are observed for 
[TBDPA]=0.03 M. The Eu and Am distribution ratios 
exhibit some dependence upon the concentration of acid 
present in the aqueous phase, however, the distribution 
ratios are significantly greater than unity even at an acid 
concentration of 6 M HNO3. While the measured Ln and 
An distributions for the TBDPA extractant are lower than 
those observed when using Ph2CMPO, the data clearly 
demonstrate the ability of TBDPA to serve as An/Ln 
extractant in a UNEX-type solvent extraction system. 

As the HNO3 concentration is increased (especially 
above 1.0 M) the measured Eu and Am distribution ratios 
decrease for all TBDPA concentrations examined. This 
decrease is attributed to the increased concentration of 
solvated-proton in the organic phase at higher acid 
concentrations and the resulting decrease in the free 
TBDPA concentration in the organic phase due to 
protonation of TBDPA. 

IV.  CONCLUSIONS

The Universal Extraction (UNEX) process has been 
developed previously for the simultaneous extraction of 
cesium, strontium, and actinides from acidic solutions. 
Due to the limited solubility of the actinide/lanthanide 
extractant (Ph2CMPO) used in the UNEX process solvent, 
alternative extractants are of interest. Preliminary results 
indicate that diamide derivatives of dipicolinic acid may 
function as efficient actinide and lanthanide extractants. 
Experiments utilizing a synergistic mixture of HCCD, 
PEG-400, and the tetrabutyldiamide of dipicolinic acid 
(TBDPA) in FS-13 have demonstrated the utility of 
TBDPA to serve as an actinide/lanthanide extractant from 
acidic solutions. Based upon these results, TBDPA may 
be a suitable replacement for Ph2CMPO in the UNEX 
process. Additional studies are required to fully assess the 
utility of TBDPA as a replacement An/Ln extractant for 
the UNEX process. 

ACKNOWLEDGMENTS 

This work was funded by the Laboratory Directed 
Research and Development program at the Idaho National 
Laboratory and performed for the U.S. Department of 
Energy under Contract No. DE-AC07-99ID13727.  

REFERENCES 

1. J. Rais, S. Tachimori, “Extraction of Europium and 
Americium by a Mixture of CMPO and 
Dicarbollide,” J. Radioanal. Nucl. Chem. Lett. 1994,
188, 157–162. 



2. J. Rais, S. Tachimori, P. Selucky, L. Kadlecova, 
“Synergetic Extraction in Systems with Dicarbollide 
and Bidentate Phosphonate,” Sep. Sci. Technol. 1994,
29, 261-274. 

3. J. D. Law, R. S. Herbst, D. R. Peterman, R. D. 
Tillotson, and T. A. Todd, “Development of a Cobalt 
Dicarbollide/Polyethylene Glycol Solvent Extraction 
Process for Separation of Cesium and Strontium to 
Support Advanced Aqueous Reprocessing,” 
proceedings of Global 2003, New Orleans, LA, 
November 2003. 

4. B.N. Zaitsev, V.M. Esimantovskiy, L.N. Lazarev, 
E.G. Dzekun, V.N. Romanovskiy, T.A. Todd, K. N. 
Brewer, R.S. Herbst, J.D. Law, US. Patent 6270737,
August 2001. 

5. J. D. Law, R. S. Herbst, T. A. Todd, D. J. Wood, V. 
N. Romanovskiy, V. M. Esimantovskiy, I. V. 
Smirnov, V. A. Babain, B. N. Zaitsev, 
“Demonstration of a Universal Solvent Extraction 
Process for the Separation of Actinides, Cesium and 
Strontium from Actual Acidic Tank Waste at the 
INEEL,” proceedings of the International Conference 
on Future Nuclear Systems- Global ’99, Jackson, 
Wyoming, August 29-September 3, 1999. 

6. V.N. Romanovskiy, I.V. Smirnov, V.A. Babain, T.A. 
Todd, J.D. Law, R.S. Herbst, K.N. Brewer, “The 
Universal Solvent Extraction (UNEX) Process. I. 
Development of the UNEX Process Solvent for the 
Separation of Cesium, Strontium, and the Actinides 
From Acidic Radioactive Waste,” Sol. Extr. Ion 
Exch. 2001, 19, 1-21. 

7. J.D. Law, R.S. Herbst, T.A. Todd, V.N. 
Romanovskiy, V.A. Babain, V.M. Esimantovskiy, 
I.V. Smirnov, B.N. Zaitsev, “The Universal Solvent 
Extraction (UNEX) Process. II. Flowsheet 
Development and Demonstration of the UNEX 
Process for the Separation of Cesium, Strontium, and 
the Actinides From Actual Acidic Radioactive 
Waste,” Sol. Extr. Ion Exch. 2001, 19, 23-36. 

8. R.S. Herbst, J.D. Law, T.A. Todd, V.N. 
Romanovskiy, I.V. Smirnov, V.A. Babain, V.M. 
Esimantovskiy, B.N. Zaitsev, “Development of the 
Universal Extraction (UNEX) Process for the 
Simultaneous Recovery of Cesium, Strontium and 
Actinides from Acidic Radioactive Wastes,” Sep. Sci.  
Technol. 2003, 38, 2685-2708. 

9. T.A. Todd, J.D. Law, R.S. Herbst, V.N. 
Romanovskiy, I.V. Smirnov, V.A. Babain, V.M. 
Esimantovskiy, B.N. Zaitsev, E.G. Nazin, and G.F. 
Egorov, “Development and Characterization of a 
Universal Solvent Mixture for the Separation of 
Cesium, Strontium, Actinides and Rare Earth 
Elements from Acidic Radioactive Waste,” 
proceedings of the International Solvent Extraction 
Conference (ISEC 2002), Cape Town, South Africa, 
pp. 1216-1221, March 2002. 

10. J. Banaee, C.M. Barnes, T. Battisti, S. Hermann, S.J. 
Losinski, S. McBride, “INTEC High-Level Waste 
Studies Universal Solvent Extractant Feasibility 
Study,” INEEL/EXT-2000-01209, (2000). 

11. M. L. Dietz and E. P. Horwitz, in Science and 
Technology for Disposal of Radioactive Tank Waste,
Schulz, W. W.; Lombardo, W. W.: Eds., Plenum 
Publishing Co., NY (1998) p. 231. 

12. L. Nigond, P. Y. Condamines, J. Cordier, C. Livet, C. 
Madic, C. Cuillerdier, C. Musikas, M. J. Hudson, 
“Recent Advances in the Treatment of Nuclear 
Wastes by the Use of Diamide and Picolinamide 
Extractants,” Sep. Sci. Technol. 1995, 30, 2075-2099. 

13. L. Tittse, T. icher., Preparative Organic Chemistry, 
ir, Moscow, Russia (1999) p. 397. 

14. Shimada, T. Yaita, H. Narita, S. Tachimori, O. 
Okuna,  “Extraction Studies of Lanthanides(III) Ions 
with N,N’-Dimethyl-N,N’-diphenylpyridine-2,6-
dicarboxyamide (DMDPhPDA) from Nitric Acid 
Solutions,” Solv. Extr. Ion Exch. 2004, 22, 147-161. 

15. M. Yu Alyapyshev, V.A. Babain, I.V. Smirnov, 
“Extractive properties of Synergistic mixtures of 
Dipicolinic Acid Diamides and Chlorinated Cobalt 
Dicarbollide,” Radiochemistry, (Engl. Ed.) 2004, 46,
270-271. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /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 /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /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

  /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 Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


