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ABSTRACT

Catalytic growth of substantial amounts of Carbon Nanotubes (CNTs)
to lengths greater than 1 – 2 cm is currently limited by several factors, 
including especially the deactivation of the catalyst particles due to 
erosion of catalyst atoms from the catalyst particles at elevated CNT 
growth temperatures.   Inclusion of refractory metals in the CNT 
growth catalyst has recently been proposed as a method to prevent 
this catalytic particle erosion and deactivation, allowing the CNT to 
grow for greater times and reach substantially greater lengths.  Here 
are presented results of recent investigations into this method.  The 
system investigated employs Molybdenum as the erosion inhibitor and 
Iron as the CNT growth catalyst.  Results show that inclusion of Mo 
leads to substantially longer catalyst particle lifetimes.

INTRODUCTION

Carbon nanotubes (CNTs) are of interest for materials applications because of 
their high tensile strength, high stiffness and outstanding electrical and thermal 
conductivities [1 – 3].  However, many envisioned bulk applications exploiting these 
properties for manufacturing [4, 5] will require substantial amounts (kg or more) of CNT 
whose lengths are comparable to the dimensions of the manufactured items, many cm or 
more.  Thus, much previous research has focused on bulk growth of CNTs to such 
lengths. 

CNTs can be grown using metal-catalyzed Chemical Vapor Deposition (CVD), 
in which carbonaceous gases flow over nanometer-sized metal catalyst particles of 
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catalytic metals.  Under appropriate conditions of temperature, pressure and flow, the 
gases decompose to release carbon, which forms CNTS by nucleating and growing 
nanotubes upon the metal particles.  CNT growth in such circumstances normally stops 
after the nanotubes have reached lengths of a few hundred microns or less, making such 
nanotube unsuitable for many materials applications.  As has been discussed previously 
[6], a primary mechanism of this growth cessation involves Ostwald Ripening [7,8], 
which causes the metal particles to either erode away or grow too large to support 
nanotube growth.  This erosion and ripening substantially shortens the catalyst particle 
lifetimes, resulting in much shorter CNT than would otherwise be possible. 

Recently, a novel method was proposed to overcome this catalyst particle 
erosion and ripening by using two component catalysts that combined catalytic metals 
and high-melting-point refractory metals in a single catalyst material, in which the 
refractories serve as diffusion inhibitors to prevent the detachment of the catalyst metal 
atoms from the particles [6].  That study presented results from one such catalyst system, 
The Re/Mo system, that showed that the diffusions inhibitor (Re) can indeed increase the 
CNT-growth lifetimes of the catalyst particles.  The investigations presented in this paper 
describe ongoing studies of catalyst/diffusion inhibitor combinations which offer promise 
for growing high-quality CNTs to long lengths by minimizing erosion of the catalyst 
particles in this way.  In particular, the present study uses iron, a highly catalytic 4th-row 
transition metal, as the catalyst metal in the catalyst/diffusion inhibitor combination.  It is 
anticipated that it will eventually be catalytic metals such as Fe, with their high catalytic 
activity, that lead to the growth of ultra-long CNTs. 

Past research on CNT growth has shown a standard pattern of CNT growth 
behavior in which the nanotubes grow for a certain time at a rate that is either constant or 
slowly decreasing, after which CNT growth stops [9 – 22].  Reference 10 gives a simple 
formulation for this growth: CNTs grow at a constant rate , for a time , after which 
growth stops.  The final CNT length, denoted , is then the product  x .  The values of 

, , and  are dictated by the details of the chemistry involved, and can be measured 
experimentally.  The ultimate goal of this study was to maximize the value of  by 
varying experimental parameters to trade-off between the values of  and  to maximize 
the product  x .  We will adhere to this formulation in our description and 
interpretation of the studies described here. 

EXPERIMENTAL 

The methods of catalyst preparation and CNT growth used in these studies have 
been described in details elsewhere [6].  Briefly, the CNT growth substrates used were 
prime-grade Si wafers processed to have the surface composition: Al2O3(15 
nm)/SiO2(1 m)/Si.  Mixtures of organometallic compounds containing the catalyst and 
refractory metals of interest were spun onto these substrates, then plasma-oxidized to 
give thin films (typically 1 – 10 Å) of oxides of the metals.   CNTs were grown on these 
substrates by catalytic CVD in a 1-inch OD quartz reaction tube contained with a tube 
furnace.  Carbon monoxide (CO) was passed over the substrates at elevated 
temperatures, under which conditions CO reacts to produce elemental carbon upon the 
catalyst via reaction (1): 

 
CO(g) + CO(g) => C(s) + CO2 (g)  (1) 

This process gave dense forests or mats of CNTs with the nanotubes growing 
perpendicular to the substrate surface and parallel to each other.  The length of the 
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resulting CNTs was then simply the thickness of the resulting mat, which was measured 
using Scanning Electron Microscopy (SEM) and, when appropriate, optical microscopy. 

The CNT-growth catalyst chosen for investigation was iron, while 
Molybdenum was chosen as the diffusion inhibitor metal due its high melting point 
relative to that of iron (2623 °C for Mo vs. 1538 °C for Fe).  Growth rates, times and 
final lengths of the nanotubes were determined as a function of the amounts of Mo and 
Fe in the catalyst.   

RESULTS 

Catalyst films of Fe/Mo metal were prepared on the substrates described above, 
with varying amounts of Fe catalyst and Mo diffusion inhibitor.  As reported previously, 
pure Mo metal does give some CNT growth from CO, although substantially less than 
that given by Fe under most conditions [11, 23].  Importantly, catalyst films of pure Fe 
gave no CNT growth under these conditions: some Mo admixture was necessary for Fe-
containing catalysts to produce nanotube growth.  Catalysts containing both Fe and Mo 
produced dense mats of parallel CNTs under these growth condition.  A typical results is 
shown in Figure 1.   

 

                         

Figure 1.  SEM image of dense mat of parallel CNTs grown from a Mo/Fe catalyst on Al2O3(15 nm)/SiO2(1 m)/Si 
substrate.  CNT growth conditions:  Catalyst metals, Mo(6Å)/Fe(2Å); Carbon source gas, CO at 8 Atm (6080 Torr) 
pressure; Temperature, 1000 °C; Growth time, 12 hours.    

 
The optimized CNT growth parameters used for this study were: T = 1000 oC; 

P = 8 Atm (6080 Torr) of CO, the highest pressure at which our apparatus could be 
safely operated; and flow rate = 45 sccm of CO, giving a gas flow velocity of 0.033 
cm/sec.   

Detailed study of CNT growth was carried out for a set of catalysts with 
varying Fe/Mo ratio.  For each catalyst, growth runs with various growth time were 
carried out, with maximum growth time of 24 hours for all Fe/Mo catalyst combinations 
investigated.  In most cases, resulting CNT length increased with increasing growth time, 
ultimately slowing and stopping as time continued to increase. One set of results is 
shown in the SEM images in figure 2.  These images show CNTs grown from a Mo/Fe 
catalyst for times up to 24 hours.  CNT length increases rapidly with time initially, but 
the rate of lengthening decreases at greater times.  All iron-containing catalysts behaved 
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in this way, with initial substantial growth rate, which gradually decreased to zero with 
time.  On the other hand, catalyst composed of pure Mo gave CNTs which continued to 
grow at a constant (though smaller) rate, even for growth times up to 24 hours.  It should 
also be noted that pure Fe catalyst gave no CNT growth under these conditions: the 
presence of Mo was required to produce CNT under these conditions.  Figure 3 shows 
the results of such series of growth runs for every catalyst combination investigated. 

 

 

Figure 2.  SEM images of CNT mats grown for various times.  CNT growth conditions: Catalyst, Mo(6Å)/Fe(2Å); 
Carbon source gas, CO, 8 Atm; Temperature, 1000 °C; Growth times: a) 1 hr.; b) 3 hr.; c) 6 hr.; d) 12 hr.; e) 24 hr. 

 

                    

Figure 3.  CNT length resulting from Mo/Fe catalyst, as a function of Mo/Fe ratio, for various growth times.  CNT 
growth conditions: Carbon source gas, CO, 8 Atm; Temperature, 1000 °C; Growth times: 1 - 24 hours, as indicated. 
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DISCUSSION

Figure 3 displays the length of the CNTs grown vs growth time for catalysts 
with four different ratios of Fe to Mo.  For all Fe/Mo mixed metal catalysts, the growth 
rate is substantial initially, then decreases with increasing time, eventually reaching zero 
(cessation of CNT growth).  The maximum length achieved is seen to vary depending on 
Fe content of the catalyst. 

Interpretation of these results is simplified by using the formulation and 
expression for CNT growth given in reference 10: CNTs grow with approximately 
constant growth rate  for a time interval , with final length  given by  x .   If the 
initial growth rate  (in m/hr.) is taken to be the amount of growth seen in the first hour, 
then  for each catalyst is simply the length of the CNTs after one hour of growth.  This 
initial growth rate  is plotted vs catalyst Fe content in Figure 4.  We see that  is a 
strongly increasing function of Fe content throughout the range of catalyst compositions 
investigated. 

 

         

Figure 4.  Initial growth rate of CNTs.  Conditions used for CNT growth: Catalyst: Mo(6Å) combined with Fe catalyst of 
thickness as shown; Carbon source gas: CO, 8 Atm (6080 Torr); Temperature: 1000 °C; Growth time: 1 hour. 

 
The time-dependent process of growth cessation can best be visualized by 

normalizing the length-vs-time growth curve for each catalyst by its initial growth rate, 
i.e., by dividing the length reached at each time point by the length of the first hour’s 
growth for that catalyst.  This will produce curves of CNT length vs time for each 
catalyst, with the CNT length for each catalyst given in units of the initial CNT growth 
during the first hour.  The resulting growth curves are plotted in figure 5.     
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Figure 5.  Length of CNTs (given in units of the initial observed growth rate) vs time, for various Mo/Fe catalyst 
combinations.  Mo/Fe thickness is as shown; Growth time: 1 - 24 hours. 

Figure 5 shows that, for each Fe/Mo catalyst, the growth rate remains 
approximately constant for a certain time, then the growth slows and stops.  Furthermore, 
it is clear from figure 5 that the growth slowdown begins sooner for catalysts containing 
a larger percent of iron, so that the Mo(6Å)/Fe(2Å) curve lies entirely under the 
Mo(6Å)/Fe(1Å) curve, which lies under the Mo(6Å)/Fe(0.5Å) curve.  Again using the 
formulation of reference 10, the growth time  for each catalyst can be determined from 
the observed maximum length  and initial growth rate , simply as   = / .  Table I 
lists the values of , , and  for each Fe/Mo catalyst investigated. 
 
TABLE I.  CNTs’ initial growth rate , final length , and growth time , for all studied CNT growth catalysts.

 
Catalyst: Mo(6Å) Mo(6Å)/Fe(0.5Å) Mo(6Å)/Fe(1Å) Mo(6Å)/Fe(2Å) 

, m/hr    4             6           9           19 

, m  > 75             55           66           120 

, hr  > 24             9.2           7.3           6.3 

 
Of particular importance here is the behavior of the growth time as the percent 

composition of Fe is increased.  Table I shows a monotonic decrease in growth time 
(catalyst lifetime) as the Fe content is increased, or, equivalently, a monotonic increase in 
lifetime with increasing fraction of Mo relative to Fe.  This is just what the proposed 
model would predict: as the fraction of inhibitor (Mo) increases, the catalyst atoms (Fe) 
are held in place more strongly and show less tendency to diffuse away from the catalyst 
particle, resulting in greater catalyst particle lifetimes (larger ).  At the same time, 
including more diffusion inhibitor in place of catalyst decreases the overall catalytic 
activity of the catalyst, resulting in slower growth rate.  For the particular system studied, 
the increase in growth time given increasing Mo content is not enough to compensate for 
the decrease in growth rate, so that the CNT with greatest lengths (  =  x ) are given by 
the catalysts with greatest Fe content.  Nevertheless, the effect is clear: inclusion of the 
Mo diffusion inhibitor results in longer catalyst lifetimes, and this lifetime continues to 
increase as the fraction of diffusion inhibitor in the catalyst increases. 
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As discussed above, the Mo diffusion inhibitor also acts as a CNT growth 
catalyst on its own.  Comparison of CNT growth from pure Mo vs mixed Fe/Mo 
catalysts shows that the growth rate from pure Mo catalyst is substantially less, however 
the growth time appears substantially longer.  Indeed, no significant change in rate of 
CNT growth from Mo catalysts is observed even out to the longest growth times 
investigated: the growth time  for Mo catalysts must be substantially greater than 24 
hours at 1000 °C.  This result is also in agreement with the proposed model, as Mo 
catalyst atoms would be expected to be even more strongly bound than Fe atoms given 
the refractory nature of Mo. 

It should be noted that inhibition of catalyst particle erosion and by Mo 
inclusion has been inferred from the extended growth lifetimes, rather than observed 
directly.  High-resolution imaging of the catalyst particles themselves by HRSEM, 
atomic-force microscopy (AFM) or transmission electron microscopy (TEM), would 
allow direct observation of this effect, for example by providing particle size 
distributions vs time for various catalyst compositions.  Such a high-resolution study of 
the catalyst particles is certainly important and is planned as part of future, ongoing work 
in these investigations. 

In addition, CO is not particularly efficient at producing CNT material.  To 
achieve CNTs with lengths of cm or longer, it is anticipated that a more reactive gas 
system will be needed.  Future studies will investigate alternate carbon source gases such 
as alcohols and hydrocarbons. It is also of interest whether other combinations of 
refractory/catalytic metals could result in CNT growth exceeding that of Mo/Fe.  
Preliminary investigations have begun on several different such combinations, including 
Mo/Co, Mo/Ni, Re/Fe, Re/Co, W/Fe, and W/Co.   All of these catalysts showed 
substantial CNT growth rates (several microns/hour or more) under the conditions 
reported here for Mo/Fe.  Future studies will investigate the lifetimes of catalysts with 
these compositions, as well as maximum CNT length achievable.    The ultimate goal of 
this work is to produce CNTs with lengths of many cm or more.   

CONCLUSIONS 

These results give further evidence that high-melting-point diffusion-inhibitor 
metals can extend the lifetimes of particles of catalytic metals in the growth of CNT, in 
particular in a case where the catalytic metal is a high-activity 4th-row transition metal, 
iron.  It is hoped that planned continuations of these studies will allow growth of longer 
CNTs still, ultimately enabling production of CNTs many cm or more in length. 

ACKNOWLEDGEMENTS 

We acknowledge The University of Tampa for funding for this research.  We 
thank M. Lepel and M. Sundermeyer for technical assistance in carrying out this work. 

REFERENCES

[1]  B. Yacobson and R. Smalley.  American Scientist 85, 324 (1997). 
[2]  M. Meo and M. Rossi.  Composites Science and Technology 66, 1597 (2006). 
[3]  B. Peng, M. Locascio, P. Zapol, S. Y. Li, S. L. Mielke, G. C. Schatz, H. D. Espinosa.  
       Nature Nanotechnology 3, 626 (2008). 
[4]  K. R. Atkinson, S. C. Hawkins, C. Huynh, C. Skourtis, J. Dai, M. Zhang, S. L. Fang, A. A. 
       Zakhidov, S. B. Lee, A. E. Aliev, C. D. Williams, R. H. Baughman.  Physica B: Condensed 



204

      Matter 394, 339 (2007). 
[5]  M. Zhang, K. R. Atkinson, R. H. Baughman.  Science 306, 1358 (2004). 
[6]  M. J. Bronikowski. Carbon 107, 297 (2016). 
[7]  L. Ratke and P. Voorhees. (Springer-Verlag, Berlin, 2002), pp. 117, 118.    ISBN 3-540- 
       42563-2 
[8]  R. D. Vengrenovich, Y. V. Gudyma, and S. V. Yarema.  Semiconductors 35, 1378 (2001). 
[9]  R. F. Zhang, H. H. Xie, Y. Y. Zhang, Q. Zhang, Y. G. Jin, P. Li, W. Z. Qian and F. Wei.   
       Carbon 52, 232 (2013). 
[10]  M. J. Bronikowski.  J. Phys Chem. C 111, 17705 (2007). 
[11]  J. H. Hafner, M. J. Bronikowski, B. R. Azamian, P. Nikolaev, A. G. Rinzler, D. T. Colbert,  
        K. A. Smith and R. E. Smalley.  Chem. Phys. Lett. 296, 195 (1998). 
[12]  S. Huang, M. Woodson, R. E. Smalley, J. Liu. Nano Letters 4, 1025 (2004). 
[13]  W. Cho, M. Schulz, and V. Shanov.  Carbon 72, 264 (2014). 
[14]  B. Kitiyanan, W. Alvarez, D. Harwell, and D. Resasco.  Chem. Phys Lett. 317, 498 (2000). 
[15]  G. Y. Xiong, D. Z. Wang, and Z. F. Ren.  Carbon 44, 969 (2006). 
[16]  Y. Yun, V. Shanov, Y. Tu, S. Subramaniam, and M. Schulz.  J. Phys. Chem. B 110, 23920  
         (2006). 
[17]  A. Puretzky, D. Geohegan, S. Jesse, I. Ivanov, G. Eres.  Appl. Phys. A 81, 223 (2005). 
[18]  Q. W. Li, X. F. Zhang, R. F. DePaula, L. X. Zheng, Y. H. Zhao, L. Stan, T. Holesinger,  
         P. N. Arendt, D. E. Peterson, Y. T. Zhu.   Adv. Mater. 18, 3160 (2006). 
[19]  D. Futaba, K. Hata, T. Yamada, K. Mizuno, M. Yumura, S. Iijima.  Phys. Rev. Lett. 95,  
         056104 (2005). 
[20]  A. M. Cassell, J. A. Raymakers, J. Kong, H. J. Dai.   J. Phys. Chem. B 103, 6484 (1999). 
[21]  D. Venegoni, D., P. Serp, R. Feurer, Y. Kihn, C. Vahlas, P. Kalck, P.   Carbon 40, 1799  
         (2002). 
[22]  H. Cui, G. Eres, J. Y. Howe, A. Puretkzy, M. Varela, D. B. Geohegan, D. H. Lowndes.   
         Chem. Phys. Lett. 374, 222 (2003). 
[23]  H. Dai, A. G. Rinzler, P. Nikolaev, A. Thess, D. T. Colbert, R. E. Smalley.  Chem. Phys.  
         Lett. 260, 471 (1996). 


	941-946.pdf
	sbap20072702941
	139-146
	147-153
	155-162
	163-168
	169-175
	177-183
	185-189
	191-196
	197-204
	205-210
	211-216
	217-224
	225-230
	231-240
	241-247
	249-254
	255-262

	sbap20072702942
	2071-2078
	2079-2086
	2087-2094
	2095-2102
	2103-2108
	2109-2117
	2119-2126
	2127-2134
	2135-2142
	2143-2151
	2153-2159

	sbap20072702943
	2223-2230
	2231-2240
	2241-2248
	2249-2263
	2265-2269
	2271-2282
	2283-2288
	2289-2298
	2299-2305
	2307-2307

	sbap20072702944
	2367-2375
	2377-2382
	2383-2390
	2391-2399
	2401-2408
	2409-2418
	2419-2429
	2431-2439
	2441-2451

	sbap20072702945
	2453-2459
	2461-2470
	2471-2477
	2479-2488
	2489-2513
	2515-2525
	2527-2532
	2533-2540
	2541-2549
	2551-2558

	sbap20072702946
	2743-2757
	2759-2769
	2771-2785
	2787-2804
	2805-2816
	2817-2830
	2831-2841
	2843-2861




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.03333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c00650072002000310030000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e006500200028004a006f00750072006e0061006c00730029002e000d0028006300290020003200300031003300200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




