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Layer-by-layer assembled hydrophobic coatings for cellulose
nanofibril films and textiles, made of polylysine and natural wax

particles

Nina Forsman®’, Alina Lozhechnikova*', Alexey Khakalo?, Leena-Sisko Johansson?,
Osterberg**

Jari Vartiainen®, Monika

.0 B 16300, 1-00076 Ack, Fisdend

*VIT Techwical Research Cenre of Finkind Lad. Svakoginkaje 7. 7.0 Rox 1000 F1- 82064 fpoo, Fisksnd

ARTICLE INFO ABSTRACT
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Herein we present a simple method to render cellulosic materials highly hydrophobec while retaining
The

i by- poly-L-dysine and
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Textie © 2017 Blsevier Lud. All rights reserved.
Cellulose nasofibril films.
1. Introduction mmmmwmmmm
barrier properties
of Agterberg. inwetor
In the textile fiekd, wearable textiles are often desired to be
waterproof but yet breathable at the same time. Most methods to
vents nditio only 9% Juce such textiles rely on synthetic fibees (Horrocks & Anand,

of the organic in the EU ch J was
from remewable sources in 2011 (The European Chemical Industry
Council. 2014). Out of the renewable materials, cellulose is maybe
the most attractive due to its abundance and interesting proper-
ties. The use of cellulosic feedstock could be increased in several
global industries, for example, in textile and packaging manufac-
turing. in 2013, 64% of

packaging waste in Europe accounted for |s million

tons (CIRFS, 2016: Eurostat, 2016). Therefore, considering the scale

of these industries, a small change towards sustainability would
However,

it sensitive to moisture, thus often limiting its use.

2015) cmymwmmmmm include tuning the

water

kummumwuuwlmumm

meation, or coating the fibres of the textile and leaving the pores

M(Mmmadnyay&\ﬁmy Kumar, 2008)
1o textile

have also been
suggested, mainly to achieve superhydrophobic or self-cleaning
surfaces due to 3 combination of nano- and microscale rough-
ness and low surface energy. The roughness has commonly been
achieved by applying nanoparticles, like silica (Gao, Zhu, Guo, &
nng,mw-xue 42, Zhang. & Tian, 2009; Yu, Gu, Meng. & Qing.
Cai, 2008: Xu, Cai. Wang. & Ge, 2010)and
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L, 2007).

ing dif al. 2009: Xu
& Cal, 2008: Xu et al., 2010). some of which also have fluorine in
the structure (Xue et al. 2009; Yu et al, 2007 ). G3o et al. reported
negligible changes in air permeability after the coating (Gao et al.,

Kaksi tapaa kertoa sama tarina: uusi myrkytén vedenhylkivyys kdasittely tekstiileille.
Nina Forsman & Prof. Osterberg’s timi, Aalto CHEM and designer Matilda Tuure, Aalto ARTS
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Rakenteellisen varin tutkimus: Noora Yau & Konrad Klockars, structuralcolourstudio.com Puku: Anna Semi 2023
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Kiertotaloudessa tuotteet ja materiaalit seka niihin sitoutunut suurin
mahdollinen arvo siilyvat yhteiskunnassa mahdollisimman tehokkaasti

Viljely/ Kaivostoiminta/
keréysm_x - materiaalien valmistus
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Kuva 2: Kiertotalous vaalii materiaalien ja niihin sitoutuneen arvon kiertoa mahdollisimman pitkaan.
Léhde: Ellen McArthur Foundation.

Kuvan I&Ghde:https://www.sitra.fi/julkaisut/uhri-sopeutuja-vai-ratkaisujen-tarjoaja/
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Paine vaikuttaviin ymparistotekoihin kasvaa. Tuotteiden ja palvelujen
muotoilu tarjoaa vastuullisuustavoitteiden saavuttamiseen monta
mahdollisuutta, joiden positiiviset vaikutukset kohdistuvat ympariston
lisdksi ihmisten hyvinvointiin ja tasavertaisuuteen seka taloudelliseen

kestavyyteen.

Muotoilun roolia ei sovi vahatella. Arvioiden mukaan osassa tuotteista ja teollisuudenaloista muotoiluvaihe saattaa maarittda jopa 80%
ympadristovaikutuksista. Aina vaikutus ei ole ndin suuri, ja toisaalta vastuullisen muotoilun (sustainable design) edistysta jarruttaa rajallinen
tietoisuus. Tassa artikkelissa avaamme vastuullisen muotoilun merkitysta yhdistettyna elinkaaren hallintaan, jotta saisit konkreettisia evaita
lahted edistamaan vastuullisuusty6ta organisaatiossasi.
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ONGELMAN MAARITTELY RATKAISUN MUOTOILU

Tyokaluna muotoiluajattelu voi tuoda rakennetta
tuotesuunnittelu- ja tuotekehitysprosessille.
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FIGURE 56

Allcellulose demo structures
from cellulose and nanocellulose.
Designed by Heidi Turunen.

Laminated
structures
for interior
architecture

This is a method of producing a novel
laminated material structure that com-
bines nanocellulose and cellulose. No
additional glue is needed. The method
has been demonstrated by creating

interior architectural design elements.

MATERIAL CHARACTERISTICS: The
material is strong and light. Various finis-
hing possibilities include embossed
patterns, printed pictures and painted
surfaces. Wet material can be shaped into
3D forms. The material can be drilled or
sawn using conventional woodworking
tools. It is totally bio-based and bio-
degradable.

FIGURE 57 Testing the strength
/oﬂaminated material in the final
exhibition of the DWoC project

wﬁlan ia hall, 9-10.1.2018).

Vesa Kunnari, Heidi Turunen,
H Timo Kaljunen, Jaakko Pere,

Ali Harlin, Ulla Salonen,

Vuokko Liukkonen,

Jyri Roppola (TUT, student),

Kirsi Kale (Omnia, student)

TECHNICAL DATA: The bending
strength of this novel structure is 28 N/
mm2, which is higher than the strength
of the tested reference materials chip-
board (8 N/mm2), gypsum board (EH, 10
N/mm2), MDF (26 N/mm2) and softwood
plywood (22 N/mm?2).

ECONOMY: Competitive raw material
price, simple production process.

POTENTIAL APPLICATIONS: Interior
architectural  design  elements, an
alternative to domestic partition walls
made from gypsum and chip board, office

partition walls that are light and sound

absorbing, and furniture.
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biofabricate.co

Materiaali-ja
teknologiainnovaatiot
muuttavat tuotekehitysta
ja valmistusprosesseja.

Tulevaisuuden
tekstillitendas?



‘Planeettamme haasteet ovat niin monimutkaisia, ettei mik&an tieteenala voi
ratkaista niitd yksin. Muotoilu toimii siltana. Se muuntaa tieteelliset ideat ja 16ydot

readlimaailman sovelluksiksi.’

‘The challenges to our planet are so complex that they cannot be solved by one discipline. Design is a bridge. It franslates
scientific ideas and discoveries into real-world applications.’

Matilda McQuaid, Curator at Cooper-Hewitt Smithsonian Design Museum, NYC
Ndayttelyjulkaisu: ‘Nature: Collaborations in Design’, 2019

A? Aalto University
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Multilayered nanocellulose sheet /| Maker Tiina Harké&salmi, DWoC project 2017, photo Eeva Suorlahti
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