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In this work, we present some aspects regarding the life cycle inventory for textile surfaces with
hydrophobic character required by conductive textiles with different surface resistance. There is
already a few researches that deals with the aspects of conductive property influenced by
hydrophobic or hydrophilic substrate, such as perfluorodecyltriethoxysilane to increase the
durability of electrically conductive fabric obtained by polypyrolle treatment. In this paper, we
investigated the life cycle inventory of the processes involved in obtaining the conductive textile
using a hydrophobic substrate obtained by classical technology (padding/ coating) or advanced RF
plasma technology (plasma hydrophobization/coating).
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INTRODUCTION

The scientific literature shows great concerns in the use of the advanced processes
for obtain a hydrophobic effect for conductive textiles.

For the evaluation of the life cycle for conductive textiles obtained by classical
finishing method and by RF plasma method, we consider the following steps:

-evaluation of the constraints in the system (CS);
-data collection of the inventory (ICV);
-calculation of the resources used in the manufacturing processes.

LIFE CYCLE INVENTORY ANALYSIS AND DISCUSSIONS

In our research we consider two technological flows, the first one is based on classical
technology (padding) and the second one is based on plasma RF hydrophobisation.
The composite technological flows are the following:
• Technological flow 1: Boiling  Bleaching  Drying  Padding  Coating 

Drying  Crosslinking
• Technological flow 2: Boiling  Bleaching  Drying  RF plasma

hydrophobization  Coating  Drying  Crosslinking
In the fig.1 is presented the process of obtaining the conductive textile using a textile

hydrophobic substrate obtained by classical method and in figure 2 is presented the
composite process based on hydrophobic textile obtained by RF plasma.

Data required for the inventory of the life cycle (ICV) was collected by classical
method (machine specification, laboratory tests) and using the program SimaPro.

The quantification of the environmental impact for the textile processes, using the method
ECO-Indicator 99 (carcinogenic, inorganic and organic substances, climatic changes, radiation,
ozone layer, eco-toxicity, acidification /Eutrophication, land-use, fossil fuels).

For comparing the two technological flows and analysis, we generate, by SIMAPRO,
the characterization (figure 3), normalization (figure 4), Single Score (figure 5), weighting
(figure 6) diagrams and process trees for classical method (figure 7) and for RF plasma
hydrophobization (figure 8). From figure 1 and 2 it is evident that in the classical process a
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major impact has the energy consumption for drying, approximately 48% in technological
flow 1 in comparison with 34% energy consumption for technological flow 2.

In figure 7 is presented the process tree for the technological flow based on classical
hydrophobization treatment and in figure 8 is presented the process tree for the
technological flow based on advanced technology -RF plasma based on fluorocarbons
gases. The process trees (figure 7), of the technological flow 1 and technological flow 2
(figure 8), shows that the classic process (hydrophobization) involves  50.8% energy
for drying and the hydrophobization based on RF plasma process involves a reduction
with 17.8% of the energy consumption on comparison with classical process and also a
reduction of the time allocated for hydrophobization.

Figure 1. Composite process for conductive textile based on hydrophobic textile
obtained by classical method

Figure 2. Composite process for conductive textile based on hydrophobic textile
obtained by RF plasma

Figure 3. Characterization diagram – technological flow 1 vs. technological flow 2
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Figure 4.Normalization diagram - technological flow 1 vs. technological flow 2

Figure 5. Single Score diagram - technological flow 1 vs. technological flow 2

Figure 6. Weighting diagram - technological flow 1 vs. technological flow 2

The impact diagrams (figures 3-6) shows that the advanced technologies (RF
plasma) has a strong impact by respiratory inorganics, climate change, radiation, eco-
toxicity/acidification, land use and fossil fuel (lignite) consumption.
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Figure 7. Process tree- technological flow 1 (Metallic coating on hydrophobic textile
surface obtained by classical treatment)
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Figure 7. Process tree- technological flow 1 (Metallic coating on hydrophobic textile
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Figure 8. Process tree- technological flow 1 (Metallic coating on hydrophobic textile
surface obtained by RF plasma PTFE treatment)
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CONCLUSIONS

The environmental impact analysis by SimaPro shows a reduction of inputs in terms
of energy consumption and time for advanced technology (RF plasma based on
fluorocarbons).

Comparing the first and second technological flow is evident that the RF plasma
technology output generates a negative impact through radiation, emissions of
inorganics with harmful effect by respiration.

On the other hand, the classical method (technological flow 1) has a major impact
on inputs by fossil fuel consumption for production of the electrical energy.

Acknowledgments

The research presented on this paper was prepared in the INCDTP laboratories.
This work is supported by funds from MCI, National Project ″Optimizing the

performance of the functional textile by advanced technologies″, Contract PN 18 23 01
05.

REFERENCES
Das, A. et al. (2011), “Design and synthesis of superhydrophobic carbon nanofiber composite coatings for

terahertz frequency shielding and attenuation”, Applied Physics Letter, 98, 174101,
https://doi.org/10.1063/1.3583523.

Kowalczyk, D. et al. (2015), “Conductive hydrophobic hybrid textiles modified with carbon nanotubes”,
Applied Surface Science, 357, 1007-1014, https://doi.org/10.1016/j.apsusc.2015.09.132.

Lee, S.J., Yun, C. and Park, C.H. (2018), “Electrically conductive and superhydrophobic textiles via pyrrole
polymerization and surface hydrophobization after alkaline hydrolysis”, Textile Research Journal,
https://doi.org/10.1177/0040517518773371.

Mittal, K.L. and Bahners, T. (Eds.) (2017), Textile Finishing: Recent Developments and Future Trends, John
Wiley & Sons, https://doi.org/10.1002/9781119426790.

Nateghi, M.R., Dehghan, S. and Shateri-Khalilabad, M. (2013), “A facile route for fabrication of conductive
hydrophobic textile materials using N-octyl/N-perfluorohexyl substituted polypyrrole”, International
Journal of Polymeric Materials and Polymeric Biomaterials, 62(12), 648-652,
https://doi.org/10.1080/00914037.2013.769167.

Samanta, K.K., Jassal, M. and Agrawal, A.K. (2010), “Antistatic effect of atmospheric pressure glow
discharge cold plasma treatment on textile substrates”, Fibers and Polymers, 11(3), 431-437
https://doi.org/10.1007/s12221-010-0431-z.

Schutzius, T.M. et al. (2011), “High strain sustaining, nitrile rubber based, large-area, superhydrophobic,
nanostructured composite coatings”, Composites, Part A 42, 979–985,
https://doi.org/10.1016/j.compositesa.2011.03.026.

Shateri-Khalilabad, M. and Yazdanshenas, M.E. (2013), “Preparation of superhydrophobic electroconductive
graphene-coated cotton cellulose”, Cellulose, 20(2), 963-972, https://doi.org/10.1007/s10570-013-9873-y.

Textor, T. and Mahltig, B. (2010), “A sol–gel based surface treatment for preparation of water repellent
antistatic textiles” Applied Surface Science, 256(6), 1668-1674,
https://doi.org/10.1016/j.apsusc.2009.09.091.

Ul-Islam, S. and Butola, B.S. (2018), Advanced Textile Engineering Materials, John Wiley & Sons, USA,
https://doi.org/10.1002/9781119488101.

Vosgueritchian, M., Lipomi, D.J. and Bao, Z. (2012), “Highly conductive and transparent PEDOT:PSS films
with a fluorosurfactant for stretchable and flexible transparent electrodes”, Adv. Funct. Mater., 22, 421–
428.

Yang, K. et al. (2013), “Waterproof and durable screen printed silver conductive tracks on textiles”, Textile
Research Journal, 83(19), 2023-2031, https://doi.org/10.1177/0040517513490063.

550

Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com


