
Research Article

Yogeshwaran Kumarasamy, Prases Kumar Mohanty*, Nagarjun Jayakumar and Shubhajit Das

Enhancing 3D printing with composite filaments
incorporating electronic waste: a study onflexural
and compression strength
https://doi.org/10.1515/ipp-2024-0090
Received July 19, 2024; accepted January 28, 2025;
published online March 20, 2025

Abstract: Fused deposition modeling (FDM) has emerged as
the preferred method for creating three-dimensional (3D)
models with minimal waste. To enhance the mechanical
strength of the 3D-printed models using FDM, researchers
have explored composite filaments. This study aims to
advance electronic waste (EW) recycling for effective waste
management by fabricating a composite filament by incor-
porating EW as a filler particle for FDM application. The
composite filament merges polylactic acid with printed cir-
cuit board (PCB) particles sourced from EW. Physical
properties like flexural and compression strength were
evaluated. The samples were printed following ASTM D790
and ASTM D695 standards, using default parameters such as
a 100 % infill rate, rectilinear pattern, and a layer thickness
of 0.2 mm. The optimal printing temperature of 200 °C for the
samples was determined through flowability testing. Sub-
sequently, the dimensional stability and surface roughness
of the printed samples were assessed, demonstrating that
the inclusion of filler particles enhanced dimensional sta-
bility and decreased surface roughness. The results of this
study show that a composite filament containing 3 wt%
EW-PCB exhibits enhanced flexural strength and a notable
increase in flexural modulus. Similarly, the filament con-
taining 3 wt% EW-PCB exhibited a 35 % increase in bulk
modulus compared to the filament without EW, attributed to
the presence of metals in the PCBs. The micromorphological

analysis was performed on the tested samples using field
emission scanning electron microscopy.
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1 Introduction

In recent years, significant progress has been made in
technologies designed for creating complex shapes through
3D printing. Among these, the FDM technique stands out as a
preferred method in research, particularly for non-laser
applications, owing to its affordability and ease of mainte-
nance (Liu et al. 2019a). The FDM method involves shaping
thermoplastic materials into filaments, which are then
melted through the printer’s extruder nozzle. These molten
polymers are deposited as multiple layers to construct a 3D
model of the specified part. During the printing process, the
physical properties of the printed samples are influenced by
different process parameters of the FDM machine (Dizon
et al. 2017; Yogeshwaran and Das 2022). Recently, more cost-
effective and rapid techniques have emerged in FDM,
capable of achieving superior print quality. These advance-
ments are constantly reshaping the approach to product
design, manufacturing processes, and consumer utilization
(Chapiro et al. 2016; De Leon et al. 2016).

In this context, several materials such as acrylonitrile
butadiene styrene (ABS), polyethylene terephthalate glycol
(PETG), polylactic acid (PLA), polyvinyl alcohol (PVA), and
polycarbonate (PC) are frequently utilised as filaments for
FDM processes. For instance, PLA is a biodegradable mate-
rial derived and processed from plants like corn and sug-
arcane. The discarded pieces of PLA that didn’t succeed
during the 3D printing process can be recycled with virgin
PLA (Lanzotti et al. 2019). Recycling scrap PLA has the po-
tential for up scaling the material for 3D printing applica-
tions, thus minimizing environmental impact. Additionally,
some waste materials may be mixed with PLA, forming fil-
aments that can be used in FDM techniques. This approach
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The addition of filler to PLA resulted in fluctuations in
the flexural properties of some of the composite filaments.
The 30 wt% wood/PLA filament achieved a flexural stress of
40.4 MPa (Liu et al. 2019b), compared to the 103 MPa strength
of plain PLA filament (Liu et al. 2019). This represents a 30 %
reduction in strength due to the influence of the filler
material. Similarly, the flexural strength of SCBF and LGF
composite filaments was also reduced. The presence of the
biomass filler material may decrease the rigidity of the PLA,
as illustrated in Figure 9(a). For a material to be effective
under flexural load, it should exhibit high rigidity.
Comparing the induced stress of composite filaments, it is
shown that EW-PCB/PLA has less induced stress compared
to plain PLA (Liu et al. 2019; Liu et al. 2019b). However, the
filler content in PLA is relatively low. In other composite
filaments, the biomass filler particles typically reduce the
strength of the PLA. In contrast, EW-PCB particles enhance
the flexural strength of the material.

The compression stress of different fillers combined
with PLA is depicted in Figure 9(b). The study compares the
performance of ASP, WSP, and EW-PCB with PLA under
compression loads. Materials with a high bulk modulus
under compression are generally preferred. As shown in
Figure 9(b), the compression stress of PLA with various
biomass fillers and EW-PCB is highlighted. The ASP filler
demonstrated superior compression stress (Song et al. 2020).
This improvement is likely due to the chemical treatment of
ASP particles before blending with PLA, which enhances the
bonding and results in excellent strength. Although WSP
fillers also underwent chemical treatment, they did not
match the performance of ASP (Song et al. 2019). The EW-PCB
filament showed better performance compared to WSP.
Increasing the quantity of EW-PCB in the mix enhanced the
rigidity of the printed parts, whereas the strength of WSP
decreased. Overall, EW-PCB particles outperformed biomass
fillers in flexural and compression load tests. However, plain
PLA filaments exhibited the highest performance compared
to all composite filaments. The properties of the extruded
filaments were influenced by the quality and grade of the
pellets used.

4 Conclusions

The composite filaments with (0, 1, and 3 wt%) EW-PCB/PLA
were successfully extruded and evaluated for their printing
accuracy, surface morphology roughness, flexural strength,
and compression strength. Flexi PLA F2110 was used as a
plasticizer to enhance adhesion between the filler EW-PCB
particles and virgin PLA. Due to that, the composite filament
with EW-PCB revealed an improved resistance against

bending and compression. Increasing the quantity of EW-
PCB and flexi PLA F2110 improves 40 % the flexural and 35 %
the bulk moduli. This indicates that EW-PCB particles pro-
vide good resistance against flexural and compression loads.
The flexural strength of PLA was reduced by 30–40 % due to
the presence offlexi PLA F2110. This reductionwasmitigated
by adding EW particles (1 and 3 wt%).

The filler particles also influence dimensional accuracy
by reducing thematerialflow rate through the nozzle during
printing. This is caused by the friction generated by the EW
particles at the extruder nozzle. The issue was rectified by
infusing plasticizer into the composite filaments. The
measured ASR and RSM of the composite filaments indicate
that filler particles affect the smoothness of the surface. The
presence of fillers (3 wt% of EW) in the filaments resulted in
a 9–10 % increase in ASR and RSM.

Acknowledgments: The first author and corresponding
author express their gratitude for the support provided by
Dr. N. Saravanakumar (Principal), Dr. R. Ramesh (Professor
& HOD), and Mr. A. Anto Dilip (Research Assistant) from the
Department of Mechanical Engineering at PSG Institute of
Technology and Applied Research, Tamil Nadu.
Research ethics: Not applicable.
Informed consent: Not applicable.
Author contributions: Yogeshwaran Kumarasamy: Conceptu-
alization,Writing – original draft, Investigation, Data curation,
Validation, Formal analysis. Prases Kumar Mohanty: Method-
ology, Supervision, Review & editing. Nagarjun Jayakumar:
Review & editing. Shubhajit Das: Review & editing.
Conflict of interest: The authors state no conflict of interest.
Research funding: None declared.
Data availability: Not applicable.

References

Balamurugan, K., Pavan, M.V., Ali, S.A., and Kalusuraman, G. (2021).
Compression and flexural study on PLA-Cu composite filament using
FDM. Mater. Today: Proc. 44: 1687–1691, https://doi.org/10.1016/j.
matpr.2020.11.858.

Bleiwas, D.I. and Kelly, T.D. (2001). Obsolete computers, “gold mine”, or high-
tech trash? Resource recovery from recycling. US Geological Survey,
Denver, USA.

Bragaglia, M., Mariani, M., Sergi, C., Sarasini, F., Tirillò, J., and Nanni, F.
(2023). Polylactic acid as biobased binder for the production of 3D
printing filaments for Ti6Al4V alloy manufacturing via bound metal
deposition. J. Mater. Res. Technol. 27: 168–181, https://doi.org/10.1016/
j.jmrt.2023.09.227.

Chapiro, M. (2016). Current achievements and future outlook for
composites in 3D printing. J. Reinf. Plast. 60: 372–375, https://doi.org/
10.1016/j.repl.2016.10.002.

Y. Kumarasamy et al.: Flexural and compression properties of composite filaments 11

https://doi.org/10.1016/j.matpr.2020.11.858
https://doi.org/10.1016/j.matpr.2020.11.858
https://doi.org/10.1016/j.jmrt.2023.09.227
https://doi.org/10.1016/j.jmrt.2023.09.227
https://doi.org/10.1016/j.repl.2016.10.002
https://doi.org/10.1016/j.repl.2016.10.002


Chen, L., Zhang, X., Wang, Y., andOsswald, T.A. (2019). Laser polishing of Cu/
PLA composite parts fabricated by fused deposition modeling:
analysis of surface finish and mechanical properties. Polym. Compos.
41: 1356–1368, https://doi.org/10.1002/pc.25459.

De León, A., Domínguez-Calvo, A., and Molina, S. (2019). Materials with
enhanced adhesive properties based on acrylonitrile-butadiene-
styrene (ABS)/thermoplastic polyurethane (TPU) blends for fused
filament fabrication (FFF). Mater. Des. 182: 108044, https://doi.org/10.
1016/j.matdes.2019.108044.

De Leon, A.C., Chen, Q., Palaganas, N.B., Palaganas, J.O., Manapat, J., and
Advincula, R.C. (2016). High performance polymer nanocomposites
for additive manufacturing applications. React. Funct. Polym. 103:
141–155, https://doi.org/10.1016/j.reactfunctpolym.2016.04.010.

Dizon, J.R.C., Espera, A.H., Chen, Q., and Advincula, R.C. (2017). Mechanical
characterization of 3D-printed polymers. Addit. Manuf. 20: 44–67,
https://doi.org/10.1016/j.addma.2017.12.002.

Duigou, A.L., Barbé, A., Guillou, E., and Castro, M. (2019). 3D printing of
continuous flax fibre reinforced biocomposites for structural
applications. Mater. Des. 180: 107884, https://doi.org/10.1016/j.
matdes.2019.107884.

Forti, V., Baldé, C.P., Kuehr, R., Bel, G., Adrian, S., Brune Drisse, M., Cheng, Y.,
Devia, L., Deubzer, O., Goldizen, F., et al. (2020). The Global E-waste
Monitor 2020: quantities, flows and the circular economy potential. In:
United Nations University (UNU)/United Nations Institute for Training and
Research (UNITAR) – co-hosted SCYCLE Programme, International
Telecommunication Union (ITU) & International Solid Waste Association
(ISWA), The Global E-waste Monitor 2020. United Nations University
(UNU), Available at:https://ewastemonitor.info/wp-content/uploads/
2020/11/GEM_2020_def_july1_low.pdf.

Gibson, M.A., Mykulowycz, N.M., Shim, J., Fontana, R., Schmitt, P.,
Roberts, A., Ketkaew, J., Shao, L., Chen, W., Bordeenithikasem, P., et al.
(2018). 3D printing metals like thermoplastics: fused filament
fabrication of metallic glasses. Mater. Today 21: 697–702, https://doi.
org/10.1016/j.mattod.2018.07.001.

Halim, L. and Suharyanti, Y. (2019). E-waste: current research and future
perspective on developing countries. Int. J. Ind. Eng. Manage. 1: 25–42,
https://doi.org/10.24002/ijieem.v1i2.3214.

Hassanifard, S. and Hashemi, S.M. (2019). On the strain-life fatigue
parameters of additive manufactured plastic materials through fused
filament fabrication process. Addit. Manuf. 32: 100973, https://doi.org/
10.1016/j.addma.2019.100973.

Henderson, A.M. and Rudin, A. (1986). Effects of die temperature on
extrudate swell in screw extrusion. J. Appl. Polym. Sci. 31: 353–365,
https://doi.org/10.1002/app.1986.070310206.

Huang, K., Guo, J., and Xu, Z. (2008). Recycling of waste printed circuit
boards: a review of current technologies and treatment status in
China. J. Hazard. Mater. 164: 399–408, https://doi.org/10.1016/j.
jhazmat.2008.08.051.

Iji, M. (1998). Recycling of epoxy resin compounds for moulding electronic
components. J. Mater. Sci. 33: 45–53, https://doi.org/10.1023/A:
1004329209623.

Jing, H., He, H., Liu, H., Huang, B., and Zhang, C. (2020). Study on properties
of polylactic acid/lemongrass fiber biocomposites prepared by fused
deposition modeling. Polym. Compos. 42: 973–986, https://doi.org/10.
1002/pc.25879.

Kanabenja, W., Passarapark, K., Subchokpool, T., Nawaaukkaratharnant, N.,
Román, A.J., Osswald, T.A., Aumnate, C., and Potiyaraj, P. (2022). 3D
printing filaments from plasticized Polyhydroxybutyrate/Polylactic
acid blends reinforced with hydroxyapatite. Addit. Manuf. 59: 103130,
https://doi.org/10.1016/j.addma.2022.103130.

Kariz, M., Sernek, M., Obućina, M., and Kuzman, M.K. (2017). Effect of wood
content in FDM filament on properties of 3D printed parts. Mater.
Today Commun. 14: 135–140, https://doi.org/10.1016/j.mtcomm.2017.
12.016.

Khoffi, F., Khenoussi, N., Harzallah, O., and Drean, J. (2011). Mechanical
behavior of polyethylene terephthalate/copper composite filament.
Phys. Procedia 21: 240–245, https://doi.org/10.1016/j.phpro.2011.11.001.

Koh, L.M. and Khor, S.M. (2022). Current state and future prospects of
sensors for evaluating polymer biodegradability and sensors made
from biodegradable polymers: a review. Anal. Chim. Acta 1217: 339989,
https://doi.org/10.1016/j.aca.2022.339989.

Lanzotti, A., Martorelli, M., Maietta, S., Gerbino, S., Penta, F., and Gloria, A.
(2019). A comparison betweenmechanical properties of specimens 3D
printed with virgin and recycled PLA. Procedia CIRP 79: 143–146,
https://doi.org/10.1016/j.procir.2019.02.030.

Le Guen, M.-J., Hill, S., Smith, D., Theobald, B., Gaugler, E., Barakat, A., and
Mayer-Laigle, C. (2019). Influence of rice husk and wood biomass
properties on the manufacture of filaments for fused deposition
modeling. Front. Chem. 7: 735, https://doi.org/10.3389/fchem.2019.00735.

Li, J., Lu, H., Guo, J., Xu, Z., and Zhou, Y. (2007). Recycle technology for
recovering resources and products from waste printed circuit boards.
Environ. Chall. 41: 1995–2000, https://doi.org/10.1021/es0618245.

Linares, V., Galdón, E., Casas, M., and Caraballo, I. (2021). Critical points for
predicting 3D printable filaments behaviour. J. Drug Deliv. Sci. Technol.
66: 102933, https://doi.org/10.1016/j.jddst.2021.102933.

Liu, B., Qian, B., Hu, Z., Liang, Y., and Fan, H. (2024). Design and simulation
analysis of an extrusion structure based on screw extrusion 3D
printing. Int. Polym. Process. 39: 497–511, https://doi.org/10.1515/ipp-
2024-0066.

Liu, H., He, H., Peng, X., Huang, B., and Li, J. (2019). Three-dimensional
printing of poly (lactic acid) bio-based composites with sugarcane
bagasse fiber: effect of printing orientation on tensile performance.
Polym. Adv. Technol. 30: 910–922, https://doi.org/10.1002/pat.4524.

Liu, Z., Wang, Y., Wu, B., Cui, C., Guo, Y., and Yan, C. (2019a). A critical review
of fused deposition modeling 3D printing technology in
manufacturing polylactic acid parts. Int. J. Adv. Manuf. Technol. 102:
2877–2889, https://doi.org/10.1007/s00170-019-03332-x.

Liu, Z., Lei, Q., and Xing, S. (2019b). Mechanical characteristics of wood,
ceramic, metal and carbon fiber-based PLA composites fabricated by
FDM. J. Mater. Res. Technol. 8: 3741–3751, https://doi.org/10.1016/j.
jmrt.2019.06.034.

Menad, N., Björkman, B., and Allain, E.G. (1998). Combustion of plastics
contained in electric and electronic scrap. Resour. Conserv. Recycl. 24:
65–85, https://doi.org/10.1016/s0921-3449(98)00040-8.

Nagarjun, J., Kanchana, J., Rajeshkumar, G., and Anto Dilip, A. (2023).
Enhanced mechanical characteristics of polylactic acid/tamarind
kernel filler green composite filament for 3D printing. Polym. Compos.
44: 7925–7940, https://doi.org/10.1002/pc.27676.

Nagarjun, J., Kanchana, J., RajeshKumar, G., Manimaran, S., and
Krishnaprakash, M. (2021). Enhancement of mechanical behavior of
PLAmatrix using tamarind and date seedmicro fillers. J. Nat. Fibers 19:
4662–4674, https://doi.org/10.1080/15440478.2020.1870616.

Nagarjun, J., Kanchana, J., and Rajesh Kumar, G. (2020). Improvement of
mechanical properties of coir/epoxy composites through
hybridization with sisal and palmyra palm fibers. J. Nat. Fibers 19:
475–484, https://doi.org/10.1080/15440478.2020.1745126.

Puckett, J. and Smith, T. (2002). Exporting harm: the high-tech trashing of Asia.
The basel action network. Silicon Valley Toxics Coalition, Seattle.

Rajesh, R., Kanakadhurga, D., and Prabaharan, N. (2022). Electronic waste: a
critical assessment on the unimaginable growing pollutant,

12 Y. Kumarasamy et al.: Flexural and compression properties of composite filaments

https://doi.org/10.1002/pc.25459
https://doi.org/10.1016/j.matdes.2019.108044
https://doi.org/10.1016/j.matdes.2019.108044
https://doi.org/10.1016/j.reactfunctpolym.2016.04.010
https://doi.org/10.1016/j.addma.2017.12.002
https://doi.org/10.1016/j.matdes.2019.107884
https://doi.org/10.1016/j.matdes.2019.107884
https://ewastemonitor.info/wp-content/uploads/2020/11/GEM_2020_def_july1_low.pdf
https://ewastemonitor.info/wp-content/uploads/2020/11/GEM_2020_def_july1_low.pdf
https://doi.org/10.1016/j.mattod.2018.07.001
https://doi.org/10.1016/j.mattod.2018.07.001
https://doi.org/10.24002/ijieem.v1i2.3214
https://doi.org/10.1016/j.addma.2019.100973
https://doi.org/10.1016/j.addma.2019.100973
https://doi.org/10.1002/app.1986.070310206
https://doi.org/10.1016/j.jhazmat.2008.08.051
https://doi.org/10.1016/j.jhazmat.2008.08.051
https://doi.org/10.1023/A:1004329209623
https://doi.org/10.1023/A:1004329209623
https://doi.org/10.1002/pc.25879
https://doi.org/10.1002/pc.25879
https://doi.org/10.1016/j.addma.2022.103130
https://doi.org/10.1016/j.mtcomm.2017.12.016
https://doi.org/10.1016/j.mtcomm.2017.12.016
https://doi.org/10.1016/j.phpro.2011.11.001
https://doi.org/10.1016/j.aca.2022.339989
https://doi.org/10.1016/j.procir.2019.02.030
https://doi.org/10.3389/fchem.2019.00735
https://doi.org/10.1021/es0618245
https://doi.org/10.1016/j.jddst.2021.102933
https://doi.org/10.1515/ipp-2024-0066
https://doi.org/10.1515/ipp-2024-0066
https://doi.org/10.1002/pat.4524
https://doi.org/10.1007/s00170-019-03332-x
https://doi.org/10.1016/j.jmrt.2019.06.034
https://doi.org/10.1016/j.jmrt.2019.06.034
https://doi.org/10.1016/s0921-3449(98)00040-8
https://doi.org/10.1002/pc.27676
https://doi.org/10.1080/15440478.2020.1870616
https://doi.org/10.1080/15440478.2020.1745126


legislations and environmental impacts. Environ. Chall. 7: 100507,
https://doi.org/10.1016/j.envc.2022.100507.

Roman, L.S. and Puckett, J. (2002). E-scrap exportation: challenges and
considerations. In: Conference record 2002 IEEE International
Symposium on Electronics and the environment (Cat. No. 02CH37273).
IEEE, USA, pp. 79–84.

Sahajwalla, V. and Gaikwad, V. (2018). The present and future of e-waste
plastics recycling. Curr. Opin. Green Sustainable Chem. 13: 102–107,
https://doi.org/10.1016/j.cogsc.2018.06.006.

Slijkoord, J.W. (2015). Is recycling PLA really better than composting? 3D
Printing Industry, London, Available at:https://
3dprintingindustry.com/news/is-recycling-pla-really-better-than-
composting-49679/.

Song, X., He, W., Chen, P., Wei, Q., Wen, J., and Xiao, G. (2020). Fused
deposition modeling of poly (lactic acid)/almond shell composite
filaments. Polym. Compos. 42: 899–913, https://doi.org/10.1002/pc.
25874.

Song, X., He, W., Yang, S., Huang, G., and Yang, T. (2019). Fused deposition
modeling of poly (lactic acid)/walnut shell biocomposite filaments –
surface treatment and properties. Appl. Sci. 9: 4892, https://doi.org/10.
3390/app9224892.

Stoof, D. and Pickering, K. (2017). Sustainable composite fused deposition
modelling filament using recycled pre-consumer polypropylene.
Composites, Part B 135: 110–118, https://doi.org/10.1016/j.
compositesb.2017.10.005.

Turaga, R.M.R., Bhaskar, K., Sinha, S., Hinchliffe, D., Hemkhaus,M., Arora, R.,
Chatterjee, S., Khetriwal, D.S., Radulovic, V., Singhal, P., et al. (2019). E-
waste management in India: issues and strategies. Vikalpa 44:
127–162, https://doi.org/10.1177/0256090919880655.

Veeman, D., Subramaniyan, M.K., Guo, L., Elumalai, V., and Browne, M.A.
(2024). An innovative multilayered material fabricated through
additive manufacturing for structural applications: method and
mechanical properties. Int. Polym. Process. 39: 630–642, https://doi.
org/10.1515/ipp-2024-0077.

Widmer, R., Oswald-Krapf, H., Sinha-Khetriwal, D., Schnellmann, M., and
Böni, H. (2005). Global perspectives on e-waste. Environ. Impact Assess.
Rev. 25: 436–458, https://doi.org/10.1016/j.eiar.2005.04.001.

Wu, T.L. (2024).What is E-waste recycling and how Is it done? Earth.Org, Hong
kong, https://earth.org/what-is-e-waste-recycling/.

Yogeshwaran, K. and Das, S. (2022). Mechanical properties of fused
deposition modelling processed parts: a review. Mater. Today: Proc.,
https://doi.org/10.1016/j.matpr.2022.12.137.

Y. Kumarasamy et al.: Flexural and compression properties of composite filaments 13

https://doi.org/10.1016/j.envc.2022.100507
https://doi.org/10.1016/j.cogsc.2018.06.006
https://3dprintingindustry.com/news/is-recycling-pla-really-better-than-composting-49679/
https://3dprintingindustry.com/news/is-recycling-pla-really-better-than-composting-49679/
https://3dprintingindustry.com/news/is-recycling-pla-really-better-than-composting-49679/
https://doi.org/10.1002/pc.25874
https://doi.org/10.1002/pc.25874
https://doi.org/10.3390/app9224892
https://doi.org/10.3390/app9224892
https://doi.org/10.1016/j.compositesb.2017.10.005
https://doi.org/10.1016/j.compositesb.2017.10.005
https://doi.org/10.1177/0256090919880655
https://doi.org/10.1515/ipp-2024-0077
https://doi.org/10.1515/ipp-2024-0077
https://doi.org/10.1016/j.eiar.2005.04.001
https://earth.org/what-is-e-waste-recycling/
https://doi.org/10.1016/j.matpr.2022.12.137

	Enhancing 3D printing with composite filaments incorporating electronic waste: a study on flexural and compression strength
	1 Introduction
	4 Conclusions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /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 false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


