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ABSTRACT 

 
Atomic Force Microscope (AFM) based eddy current imaging technique has been used to 
characterize carbon fiber reinforced composites and carbon nanofibers nanocomposite. The 
surface topography and eddy current images of the same region of the sample acquired at the 
same time are presented. While the contrast in AFM images is due to surface topography 
variations the contrast in the eddy current images is due to the local variation in the electrical 
conductivity of the sample. The results show that the combined techniques of AFM and eddy 
current imaging can be used effectively to investigate the distribution, dispersion of the carbon 
fibers in the polymer matrix and the fiber matrix interphase. An enhanced contrast at the 
interface between the fiber and the matrix has been observed in the eddy current images. The 
implications of the improved contrast in eddy current images and its application to investigation 
of fiber-matrix interface/interphase in carbon fiber polymer matrix composites is discussed.  
 
KEY WORDS: Carbon Fiber Composites, Nondestructive Evaluation, Interface Analysis 
 
 

1. INTRODUCTION 
 
Ever since the development of carbon nanotubes by Ijima (1), researchers have been 
investigating carbon nanotubes for use in high strength applications, due to their remarkable 
physical properties (2-4). Carbon nanotubes exhibit high strength and a relatively low density. 
During the last decade, there have been several research works to study CNT reinforced polymer 
matrix composite systems. One potential application for these nanocomposites is in aircraft 
systems which can provide high strength but with lower weights. Even though the carbon 
nanotubes hold much promise for many applications, there are several unresolved issues.  The 
major problems are related to the dispersion of the CNTs in the matrix and the adhesion between 
the nanotubes and the matrix. Several attempts have been reported in literature to overcome these 
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problems (5,6). One such attempt is to functionalization of nanotubes. But it proved to be 
difficult due to limited access to separate sites on nanotubes. Therefore, as an alternative, carbon 
nanofiber (CNF) is increasingly used as a low-cost version of CNT. Although the mechanical 
properties of CNF are not as good as those of CNT, the modulus of elasticity and the strength of 
CNT’s are still relatively high (5). Therefore, CNF reinforced composites are increasingly 
gaining the attention of researchers (5, 7, 8, 9). 
 
A literature search in the field of CNF reinforced composites shows that majority of research 
efforts mainly focuses on the manufacturing and processing related issues of the composites. The 
characterization of nanocomposites is done by traditional techniques such as tensile and bending 
tests (5, 7, 8, 9). However, these characterization techniques are macroscopic in nature. Further 
more, the homogeneous dispersion and adhesion of the fibers to the matrix is a major concern in 
CNF reinforced composites. Therefore, this study focuses on the use of an Atomic Force 
Microscopy (AFM) based eddy current imaging technique to characterize the carbon nanofibers 
in the composites with nanometer resolution. AFM is routinely used to characterize the surface 
of both conductors and insulators with a nanometer resolution (10, 11). Several modifications to 
the AFM to image material properties on nanoscale have been reported in literature (12-15). 
 
Eddy current testing is one of the most frequently used nondestructive evaluation NDE method 
to detect defects in conducting materials (16, 17, 18). The basic principles of eddy current 
measurements involve exciting a coil with an electromagnetic signal placed near a metallic 
specimen. The oscillating magnetic field generated by the coil induces eddy current in the metal. 
The eddy currents in the metal produce an opposing magnetic filed to that of the exciting coil. 
The effect is measured by the change in the electrical impedance of the coil. The strength of the 
eddy current depends on the electrical conductivity of the metal. Thus presence of defects in the 
metal modify the eddy current generation in the metal thereby changing the impedance of the 
coil. This simple methodology has not only been used for NDE applications but also in the 
measurement and characterization of electrical properties of materials under different 
environmental conditions. The resolution in eddy current imaging systems is limited by the 
diameter of the coil. The best eddy current microscope that has been developed in any laboratory 
has a resolution of about 500 μm. This microscope uses specially developed tiny coils for 
imaging applications. 
 
In the last decade there here have been attempts to obtain eddy current images based on AFM 
(19, 20). The basic principle of the methodology has been to observe the change in the amplitude 
of vibration of a magnetic tip- cantilever system when brought close to a metallic material. A 
vibrating magnetic tip near a metal produces eddy current in the metal. An opposing magnetic 
field generated by the eddy currents in the metal reduces the amplitude of the vibrating magnetic 
tip. The change in the vibration characteristics of the cantilever is used to produce eddy current 
images. In the AFM based eddy current imaging, stiff cantilevers with magnetic tip are used and 
the AFM is operated in the intermittent contact mode. In this study, we have developed an eddy 
current imaging system based on AFM operating in the so-called Lift mode of AFM while 
utilizing a flexible cantilever with a magnetic tip. In our method, a tiny coil placed under the 
sample, excited with an AC signal generates eddy current in the material. A flexible magnetic 
tip-cantilever is brought close to the opposite face of the sample. Under the influence of the 
oscillating magnetic filed of the coil, the magnetic tip-cantilever will vibrate. The presence of a 
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conducting sample between the coil and the magnetic tip-cantilever will change the vibration 
characteristics. The changes are measured with an external electronic instrumentation and used 
to obtain eddy current images with very high resolution. This technique was used to characterize 
a carbon fiber reinforced composite and a nanocomposite sample. The difference in the 
conductivity between the carbon fibers and the polymer matrix is exploited to investigate both 
traditional carbon fiber composites as well as nano-carbon fiber composites. The results show 
that the technique can be successfully used to characterize the nanocomposites with nanometer 
resolution.  
 

2. MATERIALS AND EXPERIMENTAL METHOD 
 
Two composite samples were studied using the eddy current imaging technique. The first sample 
that was characterized has 7µm diameter carbon fibers reinforced in Polyetheretherketone 
(PEEK) matrix.  The second sample was a nanocomposite thin film with vapor grown carbon 
nanofibers (VGCF) inside a polymer matrix. Nanocomoposite films were fabricated with Vapor 
Phase Grown Carbon Nanofibers (Pyrograf III PR-24-LHT, Applied Science, Cedarville Ohio). 
Most of the nanofibers are agglomerated in bundles of 20-200 micrometers in diameter (Figure 
1A).   The individual nanofibers are about 100 nanometers in diameter (Figure 1B) and highly 
graphitic.  It is a processing challenge to de-agglomerate the raw material and uniformly disperse 
into a polymer resin.  In this study, we dispersed the nanofibers into a solution of high 
performance thermoplastic polymer in DMAC at a loading of  5 wt% (relative to the polymer). 
The solution was exposed to high shear conditions using laboratory and pilot plant equipment for 
about 1 hour.  The resulting solution was cast onto a glass plate using a doctor blade, and heat 
was applied to evaporate the solvent.  The resulting free standing films were then analyzed with 
microscopy. While most of the nanofibers were well dispersed, some agglomerates of 
approximately 10-20 micrometers still remained.  
 

         
 
Figure 1 High resolution SEM images of raw Pyrogarf III carbon nanofibers, A) 500X 
magnification, showing agglomerated nature of raw materials, and B) 10kX maganfication 
showing individual nanofibers within an agglomerate. 
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A Digital Instruments Dimension 3100 AFM was used to obtain surface topography and eddy 
current images. AFM utilizes a sharp tip, 20-30 nm in radius, attached to a cantilever 100 µm 
long usually made of Si3N4 and raster scanned across the sample surface to obtain topographic 
information (10). A laser light is reflected on the back of the cantilever and the deflection of the 
cantilever is detected by a split photo diode detector. Imaging is accomplished by keeping the 
deflection of the cantilever constant by means of a feedback loop and vertically moving the 
piezoelectric scanner at each data point to maintain a set point deflection. The distance the 
scanner moves vertically at each data point is stored by the computer to form the topographic 
image of the surface. The resolution in the AFM depends on the diameter of the tip and 
resolution in this study is in between 30-60nm. 
 
To perform the eddy current imaging, the basic AFM setup was modified using external 
instrumentation. Instead of a standard AFM tip, a magnetic coated Silicon Nitride tip with a 
nominal tip diameter of 40 nm and spring constant of 0.1N/m was used. The sample was placed 
on a coil and was excited by an AC power source in the range of 50 KHz-500 KHz. The 
magnetic fields generated by the coil oscillate the magnetic tip and the cantilever, and the eddy 
currents generated in the sample modify these vibration characteristics depending on the local 
electrical conductivity. The out put of the photo-detector which is the vibration characteristics of 
the cantilever, and the signal that excites the coil under the sample are fed into a lock-in 
amplifier. The out put of lock-in amplifier is used to generate eddy current images.  The AFM 
was operated in the lift mode. In lift mode, the tip traces the topography of the sample surface in 
the first pass and then lifts to the user selected height (usually between 50-200nm) and then takes 
the second pass, where the magnetic tip responds to the magnetic field generated in the sample. 
The contrast in the eddy current images is related to the variation of the electrical conductivity of 
the sample. Whenever the local conductivity of the sample varies, there would be a change in the 
amplitude of the signal and that change in amplitude is related to the electrical conductivity 
variation of the sample. Fig.1 shows a general schematic diagram of the AFM/Eddy current 
imaging setup. 
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Figure 2 A general schematic of eddy current imaging setup using AFM. 
 
 

3. RESULTS AND DISCUSSION 
 
Eddy current imaging was first done on a carbon fiber reinforced polymer with approximately 
7µm diameter fibers. In all the images that follow, the image on the left is that of topography and 
the right is an eddy current image. The AFM topography and eddy current images are 
simultaneously acquired at a selected region of the sample. Fig. 2 shows the topography and 
eddy current image on the composite sample.  
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Figure 3 AFM topography (left) and eddy current image (right) of carbon fibers reinforced in a 
polymer matrix. Scan size 30 µm X 30 µm. Eddy current image shows conductive fibers and 
nonconductive matrix with distinct contrast difference. 
 
The image on the left of Fig.2 shows the topography of carbon fibers in the polymer matrix. The 
contrast in the AFM image is due to variation of surface height and brighter regions indicate 
higher surface heights. The surface height of the features in this image is about 500 nm, with a 
scan size of 30 µm X30µm. The image on the right shows the eddy current image of the same 
region. The eddy current image clearly shows the fibers and the polymer matrix. This difference 
in the contrast between the fibers and the matrix is due to the variations in the conductivity of 
fiber and polymer. While carbon fibers are conductive, the polymer matrix is not. The generation 
of eddy currents dampens the oscillation of the magnetic cantilever above the sample surface 
(19). Hence when the tip scans over the sample, the conductive regions of the sample dampen the 
oscillations of the cantilever, but above the nonconductive regions of the sample, the cantilever 
vibrates without dampening. Consequently, in eddy current images, darker contrast indicates 
higher conductivity regions and brighter contrast indicates less conductivity regions. The arrows 
on the eddy current image show the conductive fibers and nonconductive matrix. 
 
A section analysis of a region of the eddy current image in fig 2 is shown in figure 3. The section 
analysis shows the conductivity variations in fiber and matrix. Fig 3 shows the region where the 
section analysis is done. The image on the right shows the conductivity profiles of the region 
selected. It can be seen that the profile above the center line represents the matrix and the profile 
below the center line represents the fiber. This is due to the fact that the conductive fibers 
dampen the oscillation of the cantilever and hence is seen with lower amplitudes in the section 
analysis. Variations of the conductivity within a fiber can be seen in conductivity profile. It can 
also be seen from this analysis that, at some regions there is a sharp transition in conductivity 
profiles at the boundary of matrix and fiber, while at other regions there is a gradual transition at 
the boundary, as shown by arrows in the image. Thus, this technique can also be used to 
characterize the interphase between the fiber and matrix based on the conductivity variations. 
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Figure 4 A section analysis of the eddy current image of fig.2. The matrix region and fiber 
region are indicated on the image on the right. 
 
After characterizing the composite sample, the technique was used to characterize the carbon 
nanofibers of the nanocomposite sample utilizing the contrast difference between the fibers and 
matrix based on the conductivity. Figure 5 shows the AFM topography and eddy current image 
obtained on the nanocomposite sample.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 AFM topography (left) and eddy current (right) images of a nanocomposite thin film. 
Scan size 4.78 µm X 4.78 µm. Arrows on the eddy current image indicate nanofibers.   
 
The topography of the nanocomposite film shows small hazy features in the AFM images. Even 
though nanofibers are present in this image, it is difficult to clearly distinguish the fibers from 
the matrix features. On the other hand, the eddy current image obtained in the same region shows 
a set of features with darker contrast. Based on the contrast obtained on the previous carbon fiber 
reinforced composite sample, we feel that the darker features are the carbon nanofibers in the 
polymer matrix. Some of the carbon nanofibers are shown by arrows in the eddy current image 
of fig.4. The brighter regions are the lower conductivity polymer matrix. The size of the 
nanofibers in this region range from 30 nm to 150 nm. The eddy current image can also be used 
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to quantitatively analyze the distribution and dispersion of the nanofibers in the matrix. The area 
fraction of the carbon nanofibers in this image (4.78 µmX 4.78 µm) is found to be approximately 
8.2 %.  
 
Figure 5 shows the topography and eddy current image obtained at another region of the 
nanocomposite sample. The image was taken with a scan size of 1.97 µm X 1.97 µm. Carbon 
nanofibers can be seen in the eddy current image with reduced contrast compared to the 
nonconductive polymer matrix. The size of the nanofibers in this region range from 30 nm to 150    
nm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6 Topography (left) and eddy current (right) images obtained at another region of 
nanocomposite thin film. The arrow indicates the fiber pull-out from the matrix. Scan size 1.97 
µm X 1.97 µm. 
 
On closer observation of the eddy current image, agglomeration of the nanofibers can be 
observed in the image shown by the rectangular region, while the same cannot be clearly seen in 
the topography image. Another interesting feature of this image is indicated by an arrow in the 
eddy current image. The bottom region around the fiber is brighter than the top region, indicating 
that there is less conductivity around the bottom region than the top region. It is well known in 
standard eddy current testing that presence of debonding, delaminations or crack would alter the 
conductivity around the defects (16-19).  Thus, this change in the contrast would imply a fiber 
pull out from the matrix.  A magnified image of the debonded fiber is shown in Fig.6. A 
conductivity profile along the debonded fiber is shown on the right side of Fig.6.. It can be seen 
from this analysis that the conductivity changes sharply around the fiber where there is a pullout 
from the matrix. If the fiber is not pulled out from the matrix there would be a gradual transition 
in the conductivity profile instead of a sharp transition. 
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Figure 7 Conductivity profile along the debonded fiber in the nanocomposite. 
 
 

4. CONCLUSIONS 
 
An eddy current imaging technique based on Atomic Force Microscopy has been developed and 
used to characterize fiber reinforced polymer composites. Eddy current images have much higher 
contrast compared to surface topography AFM images. The contrast in the images is related to 
the local electrical conductivity variation in the material. In eddy current images the carbon 
fibers as well as carbon nanofibers are observed as dark [high conductivity] regions while the 
polymer matrix as bright [low conductivity] regions. Analysis of images obtained with combined 
AFM and eddy current techniques show that the techniques can be used to study the dispersion 
and distribution of the fibers in the matrix as well as fiber-matrix interface with a resolution of a 
few nanometers. High magnification eddy current images show non-uniform contrast around 
carbon fibers indicating irregularities at the fiber matrix interface. On nanofiber composites, the 
eddy current imaging reveals non-uniform sizes of the nanofibers and the non uniform 
distribution of the nano-fibers in the matrix. High resolution and high magnification eddy current 
images show separation of carbon nano-fibers from the polymer matrix in some regions.  
 

5. ACKNOWLEDGEMENTS 

V. Nalladega acknowledges Dayton Area Graduate Studies Institute(DAGSI) and the Air Force 
contract F33615-03-3-9001 for financial support. S. Sathish acknowledges the NDE Branch, 
AFRL/MLLP, Wright Patterson AFB for financial support through contract No. F33615-03-C- 
5219. They would also like to acknowledge Allan Crasto, Associate Director, University of 
Dayton Research Institute, for his support and encouragement. 

 
 
 
 
 

Conductivity profile 
along the debonded 
fiber 



10 

6. REFERENCES 
 

1. S. Ijima, Nature, 354 (6348), 56 (1991). 
2. P. Ajayan, Chem Rev, 99 (7), 1787 (1999). 
3. M. Paradise and T. Goswami, Materials & Design, 28 (5), 1477 (2007). 
4. V.N.Popov, Materials Science and Engineering: R: Reports, 43 (3), 61 (2004). 
5. O.Breuer and U Sundararaj, Polymer Composites, 25 (6), 630 (2004). 
6. D.Qian, et.al. Applied Physics Letters, 76 (20), 2868 (2000). 
7. E.T.Thostenson, Z.Ren and T.Chou, Composites Science and Technology, 61 (13), 1899 
(2001). 
8. W. Zhong, et.al, Polymer Composites, 26 (2), 128 (2005). 
9. L.R.Xu, et.al, Journal of Composite Materials, 38 (18), 1563 (2004). 
10. G.Binnig and C.F.Quate, Physical Review Letters, 56 (9), 930 (1986). 
11. T.Eguchi and Y.Hasegawa, Physical Review Letters, 89 (26), 266105 (2002). 
12. N.A.Burnham, et.al, J.Vac.Sci.Technol. B, 14 (2), 1308 (1996). 
13. K.Yamanaka, H.Ogiso and O.Kolosov, Applied Physics Letters, 64 (), 178 (1994). 
14. S.N.Magonov, V.Elings and M.H.Whangbo, Surface Science Letters, 375 (), L385 (1997). 
15. A.Wadas, P.Grutter and H.J.Guntherodt, Journal of Vacuum Science and Technology A: 
Vacuum Surfaces and Films, 8 (1), 416 (1992). 
16. R.C.Black, et.al, Applied Physics Letters, 64 (1), 100 (1994). 
17. E.S.Gorkunov, et.al, Russian Journal of Nondestructive Testing, 41 (4), 218 (2005). 
18. B.P.C.Rao, et.al, NDT and E International, 29 (5), 269 (1996). 
19. B.Hoffman, R.Houbertz and U.Hartmann, Applied Physics A, 66 (7), S409 (1998). 
20. M.A.Lantz, S.P.Jarvis and H.Tokumoto, Applied Physics Letters, 78 (3), 383 (2001). 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /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 /OK
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


