e ————

EPIN0UE

o e e

e,

European Polysaccharide
Network OF Excellence

editorial

In case you need more
information, visit our
web site www.epnoe.eu
or send an email to

D ear Readers of the EPNOE Newsletter,
contact@epnoe.eu

the EPNOE 2013 Conference “Polysaccharides
and polysaccharide-derived products, from basic
science to applications” that will take place in
Nice, France, on 21-24 October 2013. EPNOE
2013 is organised by the Materials Forming Center
(CEMEF/Armines) in partnership with EPNOE and
the American Chemical Society.
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More than 400 participants will discuss, learn,
exchange knowledge and, of course, enjoy the
French Riviera and Nice city beauties. There will be
236 oral presentations in four parallel sessions plus
29 plenary, key-note and invited lectures. 200 posters
will be presented during the whole duration of the
meeting. Such a wide participation is the clear sign of
the importance and dynamism of our field, so rich in
innovative science and potential applications.

More than 70 people registered to the pre-conference
course on “Challenges and perspectives in making
materials from polysaccharides”, which will take place
on Sunday 20 October 2013.

You are welcome to look at the conference website to
see the program: http://epnoe2013.sciencesconf.org.

The academic, research and industrial members of
EPNOE will take the opportunity of the conference to
spend one day and a half on Thursday 24 and Friday 25
to brainstorm and organize R&D projects.

Best wishes,

Dr. Patrick Navard

Coordinator of EPNOE
Armines/Mines ParisTech/CNRS
CEMEF - Centre for Material Forming
Sophia-Antipolis

(France)
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» Member's info

New staff:

g * At the Friedrich Schiller University
" of Jena, Germany:

" - Dr Andreas Stammwitz joined the
group as coordinator of the project "Thurin-
gian application platform for homogeneous
polysaccharide chemistry";

- Denny Renner joined the group as techni-
cal assistant in the frame of a project dea-
ling with floor tile adhesives from bipolymer
mixtures;

* At the University of Natural Resources and
Life Sciences, Austria:

- Vera Malinina (Mendeleyev University of
Chemical Technology, Moscow), Mitsuharu
Koide (Kyoto Institute of Technology, Ja-
pan), Slavica Koprivica (University of Bel-
grade, Serbia), Gottfried Eilenberger (TU
Vienna, Austria), Josua Oberlerchner, Nora
Odabas and Philipp Vejdovszky (all BOKU,
Austria) joined the group recently for PhD
projects;

- Dr. Ivan Sumerskiy (Saint-Petersburg
State Forest Technical University, Russia)
and Prof. Hassan Amer (National Research
Center Cairo, Egypt) joined the group as
staff members for a three-year project on
Future Lignin and Pulp Processing Re-
search (FLIPPR).

New organisation:

* University of Natural Resources and Life
Sciences, Austria:

During summer break the former Wood,
Pulp and Fibre Research Group at the Divi-
sion of Organic Chemistry has been trans-
formed into the new Division of Chemistry of
Renewables complementing the divisions
of biochemistry, organic chemistry, and
analytical chemistry at the Department of
Chemistry.

All rights reserved - copyright ® 2013- EPNOE
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Fraunhofer IAP establi-

shes new processing pilot

plant for biopolymers in
Schwarzheide
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n April 24th, 2013, the Fraunhofer Institute for
Applied Polymer Research |IAP Potsdam-Golm
inaugurated its new processing pilot plant for biopoly-
mers in Schwarzheide on the third largest production
site of BASF in Europe. “The pilot plant is the first ele-
ment of the Innovation Center Bioplastics Lausitz and is
strengthening significantly the biopolymer competence of
the Fraunhofer IAP” said the institute head, Prof. Hans-
Peter Fink in the opening ceremony. The innovation center
in its final structure has the potential to possibly become
also a European Demonstration Center for bioplastic R&D.
Dr. Mathias Hahn as the current head of the IAP process-
ing pilot plant explained the new possibilities for biopolymer
development to a large audience of invited guests

Subscribe to the
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With the integration of the pilot plant in local and national
networks, the new IAP unit shall support the mainly small
and medium-sized plastic manufacturing industry in the intro-
duction of biobased plastics in production processes. For
this, necessary processing equipment (extruders, nozzles
for the production of flat and blown films, injection molding
equipment, etc.) has been installed. The approach fits well
into the current bio-economy initiatives of the German Federal
Government and the European Commission.

The project group is supported by the Ministry of Science,
Research and Culture (MWFK) of Brandenburg, the BASF
Schwarzheide GmbH and the Fraunhofer-Gesellschaft. From
the beginning, the project group will be working together with
the Competence
N etworKk
Bioplastics  fund-
ed by the Agency
for Renewable
Resources (FNR) of
the Federal Ministry
of Agriculture. Close
ties to EPNOE are
also envisioned.

Prof. Dr. Hans-Peter Fink, and Dr. Mathias
Hahn explain flat film processing equip-
ment to guests of honor. © Picture BASF
Schwarzheide

This article was proposed by Dieter Hofmann, Fraunhofer
Institute for Applied Polymer Research, Germany.
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news
(continued)

New innovation and re-
* search platform:
 University of Maribor, Slo-
venia:

The University of Maribor has
established its CORE@QUM (www.
core.um.si), a common innovation
and research platform in Podravje in
the field of je Active Healthy Aging.
The priority research fields are “Ad-
vanced Materials and Technologies”,
“Advanced Computing”, and “Ap-
plied Studies of Complex Systems”.
More info at: https://docs.google.
com/file/d/0BxCJ2bOP0jJ1UWZub-
jIsNOtzV28/edit.

New position:

» University of Utrecht, the Nether-
lands:

In September 2013, Martin Patel mo-
ved from Utrecht University (Nether-
lands) to the University of Geneva
(Switzerland) where he has been
nominated for a new chair on Ener-
gy Efficiency (within the Institute for
Environmental Sciences, Energy
Group).

The objective of the chair is to
bridge the gap between technical,
economic, environmental and poli-
cy aspects. In view of Switzerland’s
phase-out of nuclear energy there is
large interest in this type of interdisci-
plinary research.

Martin’s research will include energy
efficiency in buildings and in industry
and he will closely collaborate with
the local energy supplier. In parallel,
he will continue working on bio-based
products (esp. LCA and economic
assessment).

While, in general, most attention
(e.g., in university research and na-
tional energy and climate policy) is
paid to energy supply, this chair aims
to close important knowledge gaps
related to the more efficient use of
energy (demand side) and the pro-
duction and use of less energy inten-
sive and more sustainable materials.

All rights reserved - copyright ® 2013 - EPNOE
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Textiles
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ne of the biggest societal challenges of the next decades is the progressive ageing of the
society. As an estimate the Austrian population will grow by 2030 to approximately 9.0

Mio people. The share of people with an age over 60 will increase from 24 % at 2030 to 31

% in 2030, which corresponds to an absolute value of 2.8 Mio. people. In the same period the

Subscribe to the number of people 80+ will increase from 405.000 to 635.000 (+57%) in 2030.

EPNOE Newsletter

on www.epnoe.eu Sensor textiles, which support patient monitoring and care givers work, will take a significant

role in the required increase in efficiency of care providing organisations.

An immediate detection of wetness in bedding is of high relevance for hospital and care applica-
tion. The project NewS (FFG 841054) concentrates on research for new technologies to produce
cellulose based composite textiles, which function as washable sensors. New embroidery tech-
niques will be used to integrate sensor functions in bed textiles. In a care home for elderly the
washable sensor-textiles will be tested for usability and lifetime.

The development of washable textile based sensors is an interdisciplinary activity. In the research
project NewS all relevant production stages including application in care home are represented by
partners.

The research activities include textile production (Fussenegger Textilveredlung, Grabher Glnter
Textilveredlung), technical embroidery (Brodissima, Globe-Tex), electronic data acquisition and
transfer (Identec Solutions), application tests (Care homes Dornbirn) and life-time analysis in laundry
(Berendsen).

Detection of wetness in bedding forms the representative case for the application testing. A phase of
clinical testing in a care home for elderly will be executed, to assess the functionality under practical

%
B
iy

conditions. The life-time of a sensor bedsheet will be
the cost determining factor, thus a series of ageing
tests under practical conditions will be performed.

In the project NewS the fundamentals for production of
embroidered sensors in textile/soft material will be laid.
The new production technology will enable the partners
to develop sensors for a high number of further appli-
cations.

Robust washable sensors are of interest in textiles for
hospital and care (e.g. sensors for moisture, tempera-
ture, position), in seats and interior (movement sensors,
switches), in protective clothing (safety functions, detec-
tion of liquid and contamination), as technical sensors
(filter, textiles in construction, detection of condensate).

Fig. 1: Embroidered stainless steel sen-
sor fabric, responding to moisture

This article was proposed by Barnaby Caven, University of Innsbruck, Austria.

All rights reserved - copyright ® 2013 - EPNOE N°25 - SEPTEMBER 2013
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Electrospinning — an attractive and pro-
mising technology for academia and
industry

In case you need more
information, visit our
web site www.epnoe.eu E lectrospinning is the most promising method used
or send an email to for forming micro or nano sized fibres using electrostatic
contact@epnoe.eu forces. During the electrospinning process, the polymer solu-
pnoe. tion is exposed to high-electric voltage causing the formation
of charged polymeric jet in the form of fine and thin fibres
deposited on the base material. Fibres can be formed using
Subscribe to the synthetic or natural polymers dissolved in organic solutions
EPNOE Newsletter or water. Nanofibres with specific properties can be obtained
by adding different additives, e.g. nanoparticles (metal, ceram-
ic), nanocapsules and other nanostructures, as well as drugs,
essential oils, proteins, etc. Morphology, diameter, volume/
surface ratio and porosity of formed fibres depend on various
parameters, i.e. i) polymer solution (viscosity, surface tension,
conductivity), ii) technology process (voltage, current, flow, electrode distance), and iii) environment
(temperature, humidity). Formed nanofibres can be oriented or randomly interweaved into a net
(Figure 1). Nanofibres mats possess excellent properties, i.e. large accessible surface compared to
volume (103—times bigger surface-to-volume ratio compared to microfibers),
flexibility, surface functionality, mechanical strength and elasticity.

on www.epnoe.eu

Fig. 1: SEM image of formed polyvi-
nyl alcohol nanofibres

Electrospun nanomaterials can be applied in a broad range of fields
including energy and electronics (batteries/cells and capacitors, sensors,
etc.), filtration (air, oil, fuel, liquid filters, etc.), insulation (thermal, sound),
clothing and smart textiles (protective cloths, health monitoring, sportswear,
military, etc.), biomedical applications such as drug delivery, tissue engi-
neering, wound dressings, hygienic products (diapers, napkins, etc.), and
cosmetics (pigments).

Although, some of these applications are still remaining on a laboratory
scale, plenty of successful examples have proved that electrospun nanofi-
bres have a bright future in a variety of industries. The future of nanotech-
nology-based materials depends on the ability to scale-up the production,
which is a huge problem of most of the known technologies. In our institute
we possess EIMarco — Nanospider NS500 pilot-scale apparatus (Figure
2), designed for effective transfer from lab-scale into industrial-scale
nanofibres production.
Fig. 2: Pilot-scale Research on electro-

since we are the member of COST Action MP1206:
Electrospun Nano-fibres for Bio Inspired Composite
Materials and Innovative Industrial Applications.

followed by controlled 24
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More information could be found:
http://www.tekstilec.si/wp-content/uploads/2013/01/

. . Fig. 3: The course of natural antimicrobial substance release
Elektropredenje-Postopek-izdelave-nanovlaken.pdf -

from electrospuned nanofibres

This article was proposed byZdenka PerSin and Manja Kureci€, University of Maribor, Slovenia.
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Quaternary Ammonium Chloride based
Cellulose Solvents

In case you need more

information, visit our BaCKground

web site www.epnoe.eu A state-of-the-art strategy to obtain new high-tech cellulosic products with controlled
or send an email to structural features is the homogeneous chemical modification. At present, most widely
contact@epnoe.eu used cellulose solvents are N,N-dimethylacetamide

(DMA)/LICI and ionic liquids (ILs). Nevertheless,
DMAV/LICI dissolves cellulose slow and energy inten-
sive while typical problems of IL/cellulose solutions
are their high viscosities, decomposition, side reac-

tions and insolubility of various reagents. Hence,
novel cellulose solvents are still of high interest. We
have found new systems for cellulose dissolution that
consists of quaternary ammonium electrolyte alone or
mixed with organic liquids.

Subscribe to the
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Results

The electrolytes have been prepared in high yields and
purity by Menshutkin quaternization, an inexpensive and
easy synthesis route. The pure molten triethyloctylammoni- Fig. 1: Cellulose dissolved in N,N-
. . A dimethylacetamide

um chloride (N2228 CI) dissolves up to 15 wt% of cellulose (DMA)triethyloctylammonium  chlo-
upon heating and mechanical stirring. The cellulose solution ride (N2228 Cl).

is miscible with various cosolvents such as pyridine, N,N-

dimethylformamide (DMF), dimethylsulfoxide (DMSQO) and 1,3-dimethyl-2-imidazolidinone (DMI).
In particular, DMA could be added in large excess leading to a system of decreased viscosity

(Figure 1). Contrary to the well-established solvent DMA/

:gmmﬁr\mmcclu :Eﬂlgo‘:: o LiCl, cellulose could also be dissolved directly in the DMA/
2228 2228 . . 0
— DMAMNjpp Gl —— DMAILICI N2228 CI/DMA mixture (Figure 2) without any pretreat-
10 < ment. Thus, the use of the new solvent avoids disadvan-
] tages of DMA/LICI and ILs.
w References: M. Kostag, T. Liebert, O.A. El Seoud, Th.
i 14 Heinze, Efficient Cellulose Solvent: Quaternary Ammonium
= Chlorides, Macromol. Rapid Commun., in press, DOI 10.1002/
1 —_— marc201300497; Patent “Cellulose- und Cellulosederivat-
0,1 4 S Lésungen und deren Verwendung, 10 2012 727.3, Ass.: SE
e | Tylose GmbH & Co. KG, FSU Jena, Inv.: M. Kleinert, Th.
0.1 1 _1[01] 100 1000 Heinze, T. Liebert, M. Kostag.
Y[s

Fig. 2: Viscosity curves of 2.4 wt% cellulose solutions at 20
°C in 1-ethyl-3-methylimidazolium acetate (EMIM Ac), N,N-
dimethylacetamide (DMA)/BMIM Cl, 1,3-dimethylimidazoli-
din-2-one (DMI)/triethyloctylammonium chloride (N2228
Cl), DMA/lithium chloride (LiCl) and DMA/N2228 ClI.

Marc Kostag®, Tim Liebert*, Thomas Heinze*, Omar A. El Seoud**
*Friedrich Schiller University of Jena, Germany
**Institute of Chemistry, University of Sdo Paulo, Brazil

All rights reserved - copyright ® 2013 - EPNOE N°25 - SEPTEMBER 2013 E
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information, visit our Center of Materials Forming, Mines-ParisTech-CNRS (France)
web site www.epnoe.eu + T. Domenech, E. Peuvrel-Disdier, B. Vergnes (2013) The importance of specific mechan-
or send an email to ical energy during twin screw extrusion of 3, organoclay based polypropylene nanocompos-
contact@epnoe.eu ites, Compos. Sci. Technol., 75, pp7-14

e A. Durin, P. de Micheli, J. Ville, F. Inceoglu, R. Valette, B. Vergnes (2013)A matricial
approach of fibre breakage in twin-screw extrusion of glass fibres reinforced thermoplastics,
Subscribe to the _Compos. PartA_., 48, pp47-56

EPNOE Newsletter « J. Ville, F. Inceoglu, N. Ghamri, J.L. Pradel, A. Durin, R. Valette, B. Vergnes (2013)
on www.epnoe.eu Influence of extrusion conditions on fiber breakage along the screw profile during twin screw
compounding of glass fiber-reinforced PA/, _Intern. Polym. Proc_., 28, pp49-57
. W. Liu, T. Budtova (2013) Dissolution of unmodified waxy starch in ionic liquid and solu-
tion rheological properties, Carbohydrate Polymers, 93, pp199-206

. N.Le Moigne, M. van den Oever, T. Budtova (2013) Dynamic and capillary shear rheolo-
gy of natural fibre-reinforced composites”, Polymer Engineering and Science, published on-line
march 2013, 10.1002/pen.23521

University of Natural Resources and Life Sciences (Austria)

*H. Wang, Z. Shao, M. Bacher, F. Liebner, T. Rosenau (2013) Fluorescent cellulose aerogels con-

taining covalently immobilized (ZnS)x(CulnS2)1-x / ZnS (core/shell) quantum dots, Cellulose, doi

10.1007/s10570-013-0035-z, ahead of print

» T. Hosoya, A. D. French, T. Rosenau (2013) Chemistry of 2,5-dihydroxy-[1,4]-benzoquinone, a key
chromophore in aged cellulosics. Mini-Rev. Org. Chem., 10, pp309-315.

+ B. Stefanovic, T. Rosenau, A. Potthast (2013) Effect of sonochemical treatments on the integrity
and oxidation state of cellulose, Carbohydrate Polymers, 92 (1), pp921-927
* M. Hasani, U. Henniges, A. Idstrom, L. Nordstierna, G. Westman, T. Rosenau, A., Potthast (2013)
Nano-cellulosic materials: The impact of water on their dissolution in DMACc/LiCI, Carbohydrate
Polymers 98 (2), pp1565-1572.
» L. Bamonti, T. Hosoya, K.F. Pirker, S. Bohmdorfer, F. Mazzini, F. Galli, T. Netscher, T. Rosenau, L.
Gille (2013) Tocopheramines and tocotrienamines as antioxidants: ESR spectroscopy, rapid kinetics
and DFT calculations, Bioorganic and Medicinal Chemistry, 21 (17), 5039-5046

Friedrich Schiller University of Jena (Germany)

* R.B. Gillis, G. G. Adams, Th. Heinze, M. Nikolajski, S. E. Harding, A. J. Rowe (2013) MultiSig: a
new high-precision approach to the analysis of complex biomolecular systems, European Biophysics
Journal, DOI: 10.1007/s00249-013-0924-y

* Th. Elschner, M. Kotteritzsch, Th. Heinze (2013) Synthesis of cellulose tricarbonates in
1-butyl-3-methylimidazolium chloride/pyridine, Macromolecular Bioscience, DOIl: 10.1002/
mabi.201300345

« S. Genest, S. Schwarz, K. Petzold-Welcke, Th. Heinze, B. Voit (2013) Characterization of highly
substituted, cationic amphiphilic starch derivatives: Dynamic surface tension and intrinsic viscosity,
Starch/Starke 65, DOI: 10.1002/star.201200295

* H. Wondraczek, A. Kotiaho, M. Niemi, P. Fardim, Th. Heinze (2013) Studies on the structure of
coumarin-modified dextran nanoparticles by fluorescence spectroscopy, Carbohydrate Polymers 97,
pp45-51

* J. Cuers, A. Koschella, Y. Wang, Th. Heinze, P. Mischnick (2013) Comprehensive analysis of the
substituent distribution in 3-O-ethyl/propyl cellulose derivatives, Carbohydrate Polymers 96, pp246-
252
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or sefid an gmail to Fraunhofer Institute for Applied Research (Germany)
contact@epnoe.eu » H-P. Fink, A. Lehmann, J. Ganster (2013) Bio-based carbonfibers - efforts and prospects,
Chemical Fibers International 1, pp29-30
» J. Ganster, J. Erdmann, H-P Fink (2013) Biobased composites, Polimery 58/6, pp423-434
. H. Petersen, S. Radosta, W. Vorwerg, B. KieRler (2013) Cationic starch adsorption onto
cellulosic pulp in the presence of other cationic synthetic additives, Colloids and Surfaces A:
Physicochemical and Engineering Aspects 433, pp1-8
. M. Horbens, A. Pfriem, J. Ganster, A. Wagenfuhr (2012) Holzfasern als Verstarkungsfasern
in Holz-Polypropylen-Verbundwerkstoffen, Holztechnologie 53, pp21-25
. J. Erdmann, J. Ganster, H.-P. Fink (2012) PLA meets Rayon — Tough PLA compounds
reinforced with cellulose rayon for injection moulding, Bioplastics MAGAZINE 7, pp22-25
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VTT Technical Research Centre of Finland (Finland)
. S. Arola, J.-M. Malho, P. Laaksonen, M. Lille, M.B. Linder (2013) The role of hemicellulose
in nanofibrillated cellulose networks, Soft Matter 9, pp1319-1326
* R. Coda, I. Karki, E.Nordlund, R.-L. Heinio, K. Poutanen, K.Katina (2013) Influence of particle size
on bioprocess induced changes on technological functionality of wheat bran, Food Microbiology, in
press
» A. Kallioinen, M. Hakola, T. Riekkola, T. Repo, M. Leskela, N. von Weymarn, M. Siika-Aho (2013)
A novel alkaline oxidation pretreatment for spruce, birch and sugar cane bagasse, Bioresource
Technology 140, pp414 — 420
* 0. Santala, E. Nordlund, K. Poutanen (2013) Treatments with xylanase at high (90 %) and low
(40 %) water content have different impacts on physicochemical properties of wheat bran, Food and
Bioprocess Technology, in press
* J. Sibakov, O. Myllymaki, T. Suortti, A. Kaukovirta-Norja, P. Lehtinen, K. Poutanen (2013)
Comparison of acid and enzymatic hydrolyses of oat bran 3-glucan at low water
. content, Food Research International 52, pp99 -108

Abo Akademi University (Finland)

* J. Krogell, E. Korotkova, K. Erdnen, A. Pranovich, T. Salmi, D. Murzin, S. Willfor, (2013)
Intensification of hemicellulose hot-water extraction from spruce wood in a batch extractor - effects of
wood particle size, Bioresource Technology 143, pp212-220 (Elsevier Ltd., ISSN: 0960-8524)

« A.-S. Leppanen, C. Xu, J. Liu, X. Wang, M. Pesonen, S. Willfér, (2013) Anionic polysaccharides
as templates for synthesis of conducting polyaniline and as structural matrix for conducting biocom-
posites, Macromolecular Rapid Communications, 34/13, pp1056-1061 (WILEY-VCH Verlag GmbH &
Co, ISSN: 1521-3927)

 H. Lindqvist, J. Holmback, A. Rosling, K. Salminen, B. Holmbom, A. Sundberg (2013)
Galactoglucomannan derivates and their application in papermaking, BioResources 8(1), pp994-1010
* H. Wondraczek, A. Kotiaho, M. Niemi, P. Fardim, T. Heinze (2013) Studies on the structure of
coumarin-modified dextran nanoparticles by fluorescence spectroscopy, Carbohydrate Polymers 97,
pp45-51

+ K. Gabov, P. Fardim, F. Gomes da Silva Junior (2013) Hydrotropic Fractionation of Birch Wood
into Cellulose and Lignin: A New Step Towards Green Biorefinery, BioResources 8 (3), pp3518-3531

All rights reserved - copyright ® 2013 - EPNOE N°25 - SEPTEMBER 2013
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or send an email to « S. Coseri, A. Doliska, K. Stana-Kleinschek (2013) Immobilization of Water-Soluble
contact@epnoe.eu 6-Carboxylcellulose on Poly(ethylene terephthalate) Films Monitored by a Quartz Crystal
Microbalance with Dissipation, Industrial and Engineering Chemistry Research, 52(22),
pp7439-7444.

Subscribe to the « S. Coseri, G. Biliuta, B. C. Simionescu, K. Stana-Kleinschek, V. Ribitsch, V.Harabagiu
EPNOE Newsletter (2013) Oxidized cellulose—Survey of the most recent achievements, Carbohydrate Polymers,
on www.epnoe.eu 93(1), pp207-215

. G. Biliuta, L. Fras, M. Drobota, Z.Persin, T. Kreze, K. Stana-Kleinschek, V. Ribitsch, V.
Harabagiu, S. Coseri (2013) Comparison study of TEMPO and phthalimide-N-oxyl (PINO) radi-
cals on oxidation efficiency toward cellulose, Carbohydrate Polymers, 91(2), pp502-507.

. M. Drobota, Z. Persin, L. Fras Zemljic, T. Mohan, K. Stana-KleinScheck, A. Doliska, M.
Bracic, V. Ribitsch, V. Harabagiu, S. Coseri, (2013) Chemical modification and characterization
of poly(ethylene terephthalate) surfaces for collagen immobilization, Central European Journal
of Chemistry, accepted.

University of Maribor (Slovenia)
. D. Ribitsch, A. Orcal Yebra, S. Zitzenbacher, W. Ying, S. Nowitsch, G. Steinkellner, K. J.
Greimel, A. Doliska, G. Oberdorfer, C. C. Gruber, K. Gruber, H. Schwab, K. Stana-Kleinschek, E.
Herrero Acero, G. M. Gubitz (2013) Fusion of binding domains to thermobifida cellulosilytica cuti-
nase to tune sorption characteristics and enhancing PET hydrolysis. Biomacromolecules, 14, 6,
pp1769-1776, doi: 10.1021/bm400140u
» Z. Persin, U. Maver, T. Pivec, T. Maver, A. Vesel, M. Mozeti¢, K. Stana-Kleinschek, (2013) Novel
cellulose based materials for safe and efficient wound treatment, Carbohydrate Polymers. [Print ed.],
Accepted date: 25-3-2013, doi: 10.1016/j.carbpol.2013.03.082
* T. Mohan, R. Kargl, A. Doliska, H. M. A. Ehmann, V. Ribitsch, K. Stana-Kleinschek (2013)
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