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Interfacial Adhesion of Graphene Oxide Adsorbed Flax Yarns with Epoxy Resin   

F. Javanshour,1* KR. Ramakrishnan,2 RK. Layek,1 P. Kallio,1 AW. Van Vuure,3 E. Sarlin1 

1 Faculty of Engineering and Natural Sciences, Tampere University, Tampere, Finland  
2 Department of Engineering Science, University of Oxford, Oxford, UK  

3 Department of Materials Engineering, KU Leuven, Leuven, Belgium 

 

* farzin.javanshour@tuni.fi 

 

Low density, high specific mechanical properties and favourable environmental profile of natural fibres, such as flax, 

hemp, kenaf, jute and ramie, make them a potential substitute to traditional composite reinforcements. As in every 

composite design, strong fibre-matrix adhesion is crucial for efficient stress transfer in natural fibre reinforced plastics. 

Regardless of hydrophobic chemistry of thermoset resins, they have acceptable bonding with hydrophilic natural 

fibres compared with thermoplastics. This is mainly due to the high density of reactive functional groups within 

thermosets such as epoxy. To explore the extent of fibre-matrix adhesion that can be achieved in flax/ epoxy 

composites, graphene oxide (GO) with various oxygen-containing groups is physically adsorbed on the flax yarns. The 

microbond results suggest 40 % improvement in the interfacial shear strength of GO treated flax fibres. GO treated 

flax/epoxy composites demonstrate 14 % and 7 % higher tensile stiffness and strength compared to flax/epoxy 

composites with 40% volume fraction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                      

2 
 

Compressive strength of natural fiber composites 

Vedad Tojaga1 and Sören Östlund1 

 
1 Department of Solid Mechanics, KTH Royal Institute of Technology, SE-100 44 Stockholm, Sweden 

*tojaga@kth.se; soren@kth.se 

 

In many industries (e.g. aerospace, automotive, construction, wind turbine blades etc.), there is a growing interest in 

the use of natural fiber composites. The main reasons being their good specific mechanical properties and 

environmental advantages in comparison to conventional composites (e.g. carbon, or glass, fiber composites). In these 

applications, the primary loads are often compressive. The compressive strength of natural fiber composites is 

considerably lower than the tensile strength due to fiber microbuckling (e.g. see Fig. 1), which is characterized by 

strain localization in the matrix material and fiber rotations. The compressive strength is sensitive to fiber 

misalignments, fiber-matrix interfacial decohesion and the inelastic behavior of the matrix material. It is an important 

property, but it is difficult to predict. This leads to over-dimensioning of components, higher production costs and 

ultimately more pollution. 

Our recent work [1] presents a model for prediction of the compressive strength. It is based on the rule of mixtures 

and independent of fiber rotations because it is defined in the reference configuration (i.e. the unloaded state of the 

composite). It accounts for the microstructure of the composite, including fiber-matrix interfacial decohesion, and 

enables all types of material behavior of the constituents. In addition, a manuscript that presents a computationally 

efficient alternative to plasticity models (e.g. 𝐽2 plasticity) for the inelastic behavior of the matrix material is currently 

under preparation. The next step under current investigation is an experimental validation of the model. The 

experiments include compression testing with digital image correlation (DIC) of flax fiber composites containing 

various matrix materials (e.g. epoxy, MAPP, POM etc.), micro-CT scans and microscopy of the specimens to obtain the 

fiber orientation distribution, mechanical testing of the composite to obtain an estimate of the fiber-matrix interfacial 

decohesion and mechanical testing of flax fiber bundles and pure matrix materials to obtain the material behaviour 

of the constituents. The objective being the development of a convenient and computationally efficient model for 

design engineers. 

 

Figure 1: Fiber microbuckling. Experiments by Baley et al. [2] (left) and preliminary simulation (right). 

REFERENCES 

1. Tojaga, V.; Hazar, S.; Östlund, S., Compressive failure of fiber composites containing stress concentrations: 

Homogenization with fiber-matrix interfacial decohesion based on a total Lagrangian formulation. Composites Science 

and Technology 2019, 182. https://doi.org/10.1016/j.compscitech.2019.107758. 

2. Baley, C.; Lan, M.; Bourmaud, A.; Le Duigou, A., Compressive and tensile behaviour of unidirectional 

composites reinforced by natural fibres: Influence of fibres (flax and jute), matrix and fibre volume fraction. Materials 

Today Communications 2018, 16, 300-306. https://doi.org/10.1016/j.mtcomm.2018.07.003.  
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Accounting of Scope 3 emission into a multiobjective optimization model 
 

García-Velásquez, C1, Leduc, S2, van der Meer, Y1 

 
1 Aachen-Maastricht Institute for Biobased Materials, Maastricht University, The Netherlands 

2 International Institute of Applied Science Analysis (IIASA), Laxenburg, Austria  

 

*c.garciavelasquez@maastrichtuniversity.nl 

 

The worldwide consumption of plastics has increased in the las few years due to the high requirements for packaging, 

building and automotive materials. The global economy produced 407 Mt of plastics in 2015, with carbon emissions 

up to 1.7 Gt of CO2-equivalent due to the high demand and production of fossil-based plastics 1. Additionally, the annual 

plastics production is expected to grow to 1,606 Mt by 2050 1. Therefore, we need to find a solution to produce plastics 

in order to mitigate the environmental impact and economic dependency from fossil resources. In this sense, the use 

of biomass to produce plastics has arose as a promising alternative solution that can wholly or partly substitute fossil-

based plastics. Nevertheless, it is still unclear if the biobased plastics can be produced in an economically viable and 

environmentally friendly way in comparison with fossil-based materials when direct and indirect emissions are 

considered in the whole assessment. In this sense, the main goal of this study is to assess the impact of the direct and 

indirect emissions of the PET production using different feedstock. This work was developed during a summer school 

in the International Institute of Applied Science Analysis (IIASA) through the Young Scientist Summer Program 2019 

(YSSP).  

A spatial-explicit optimization model (BeWhere) was used to correlate environmental and economic criteria in order 

to provide a framework that considers the direct and indirect emissions (Scope 3 emissions 2) to support decision-

makers on the design of the value chains. The production of 30%-biobased PET (polyethylene terephthalate) was 

selected as study case using three feedstock sources: maize, sugar beet and wheat. The techno-economic assessment 

was used to estimate the production costs of the case study, whereas the Life Cycle Assessment (LCA) methodology 

was used to estimate the indirect emissions.  

The emissions related to the LCA of the PET 

production account up to 91.4% (wheat case) 

of the total emissions, whereas the remaining 

8.6% accounts to the transportation. The 

results change depending on the feedstock, 

the configuration of the supply chain network 

(transportation network) or the need of fossil 

PET to supply the current demand.  

Additionally, the economic contribution of the carbon missions in the production costs can account for up to 90% 

depending on the economic value. Carbon tax is used as a monetization value of these emissions. 

As main conclusion, scope 3 emissions should be considered for the environmental assessment of biobased 

materials, especially when they account more than 85% of the total greenhouse gas emissions. The use of a carbon 

tax on those emissions is highly important to provide a monetization value that could influence the economic 

performance of the process. The integrated use of economic and environmental criteria will help to properly analyse 

biomass supply chain networks and serves as a powerful decision-making support tool.  

REFERENCES       

1. Zheng, J. & Suh, S. Strategies to reduce the global carbon footprint of plastics. Nat. Clim. Chang. 9, 374–378 

(2019). 

2. Ranganathan, J. et al. GHG Protocol Corporate Accounting and Reporting Standard. 116 (World Resource 

Institute and World Business Council for Sustainable Development, 2015). 
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Effect of transcrystallinity against water absorption in flax fibre reinforced 

composite materials 

 
A. Prapavesis 1*, E. Sarlin 2, P. Kallio 3, A. W. van Vuure 1 

 

1Department of Materials Engineering, KU Leuven, Leuven, Belgium  
2Department of Materials Science, Tampere University, Tampere, Finland  

3Institute of Biosciences and Medical Technology, Tampere University, Tampere, Finland 

 

* alexandros.prapavesis@kuleuven.be 

 

Natural fiber reinforced composites offer interesting properties, such as high specific mechanical and dumbing 

properties, and coupled with their ecological and renewable nature they have the potential, for specific applications, 

to outperform traditional materials in the market with minimum impact on the environment. However, one of the 

main issues that hinder the widespread use of bio-composites is the strong hydrophilic nature of the fibres. Moisture 

absorption is an unavoidable process that materials have to face through their lifetime, making it a parameter that 

cannot be ignored during the designing phase of a component. Thereby, in a realistic environment natural fibers have 

to withstand variable hygroscopic conditions, which lead to water absorption and thus unsteady behavior in their 

mechanical response due to structural changes in the fiber and matrix cracking due to fiber swelling1. 

It is well recognized in the literature that crystallinity significantly affects the moisture content due to the efficient 

molecular packing within the unit cell, which creates inaccessible paths to water molecules3,4 resulting in more 

moisture insensitive polymers. When flax is embedded in a polymer melt, the fiber surface may act as a nucleating 

agent promoting crystallization along the surface. Because of the high density of the nucleus, the crystallization 

growth is restricted in the transverse direction forming a crystalline columnar layer, known as transcrystalline layer, 

across the fibre length2. This work studies the potential of the aforementioned crystalline morphology to act as a 

moisture barrier around the hydrophilic fibers and its influence on the mechanical performance of the bio-composite, 

before and after water absorption. Polarized optical microscopy was used to observe the crystalline layer between 

quenched and annealed composites. The results show decrease in the diffusion coefficient and moisture content in 

equilibrium when transcrystalline layers were present in the composite. The effect of transcrystallinity on the 

mechanical properties was assessed using 3-point bending test, where it was found improved performance after 

water absorption, possibly due to the constraining effect of the transcrystalline layer against the fibre swelling. 

REFERENCES 

1. Pickering, K. L., Efendy, M. G. A. & Le, T. M. A review of recent developments in natural fibre composites and 
their mechanical performance. Compos. Part A Appl. Sci. Manuf. 83, 98–112 (2016). 

2. Zafeiropoulos, N. E., Dijon, G. G. & Baillie, C. A. A study of the effect of surface treatments on the tensile 
strength of flax fibres: Part I. Application of Gaussian statistics. Compos. Part A Appl. Sci. Manuf. 38, 621–628 
(2007). 

3. Negoro, T. et al. Role of Crystallinity on Moisture Absorption and Mechanical Performance of Recycled PET 
Compounds. Energy Procedia 89, 323–327 (2016). 

4. Lin, Y., Zhong, W., Shen, L., Xu, P. & Du, Q. Study on the relationship between crystalline structures and 
physical properties of polyamide-6. J. Macromol. Sci. - Phys. 44 B, 161–175 (2005). 
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The effect of zeta-potential of birch pulp on the interaction with dry strength 
agents 

 

Mengxiao Zhao1,2, Leif Robertsén1*, Torbjörn Petterson2, Mari Zabihian1, Markus Korhonen1, 
Lars Wågberg2 

 
1 Kemira R&D Center, Luoteisrinne 2, 02270 Espoo, Finland  

2 KTH Royal Institute of Technology, Drottning Kristinas väg 51, SE-100 44 Stockholm, Sweden 

 

 

 

Surface charge of fibres plays significant role in papermaking industry, especially the interactions with dry-strength 

additives. Different levels of zeta-potential of birch fibers has been prepared by removing xylan with enzyme and 

redepositing birch xylan. Cationic starch, synthetic polyacrylamide (SPAM) and polyelectrolyte complexes (PECs) were 

investigated as strength additives. Tensile strength, relative bonded areas and scott bond of handmade sheets were 

characterized to explore the strength properties of papers. In addition, AFM and SEM images were taken to 

characterize the morphologies of papers. During washing procedures, fines were washed away, therefore tensile 

strength of both treated pulp decreased. On the other hand, scott bond or z-directional strength of sheets shows 

different trend.   
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Viscoelastic and viscoplastic properties of single pulp fibers 

M. Žižek 1, U. Hirn 1 

1 Institute of Paper, Pulp and Fibre Technology/Graz University of Technology, Graz, Austria  

 

* marko.zizek@tugraz.at 

 
To understand the properties of paper as a material it is necessary to understand the properties of its building blocks, 

the single pulp fibers. The two key properties that contribute to the stiffness and the strength of the paper are 

viscoelasticity and viscoplasticity. In this presentation the viscoplastic and viscoelastic properties of mechanically 

treated wood fibers are studied by means of dynamic mechanical analysis (DMA). 

The fiber samples were glued on the sample holders with 2 component glue and mounted into the DMA. The force-

controlled testing protocol consisted of 2 parts. The first part was the recovery testing by exposing the sample to a 

constant small load for 4 minutes and after that relaxed for 4 min. In the second part the yield point was determined 

and viscoplastic properties were investigated with cyclic loading, relaxations and recovery until the break. After the 

DMA testing the cross-sections of the fibers were determined by microtome. The cross-section values were used to 

calculate the E-modulus, yield stress and breaking stress. 

The testing revealed that the fibers are elastic at smaller loads yet when the load is increased they start to show plastic 

behaviour. The force-displacement curves exhibit a hysteresis at higher loads, that shows the relaxation is time 

delayed. The DMA testing also proved the yield hardening at loads above the yield point which can be seen in the 

increase of the slopes. The breaking load is slightly lower than the maximum load in previous cycle. This suggests the 

presence of cumulative damage in the fibers. Further research is needed to corelate the viscoelastic and viscoplastic 

behaviour of the fiber with its structure, especially with its fibril angle. 
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Evaluating the degree of molecular contact between cellulose fiber surfaces 
using FRET microscopy 

 
G. Ürstöoger1,3, M.G. Simoes1, R. Schennach2,3 and U. Hirn1,3 

1 Institute of Paper, Pulp and Fibre Technology TU Graz, Inffeldgasse 23, 8010 Graz, Austria 
2 Institute of Solid State Physics TU Graz, Petersgasse 16/2, 8010 Graz, Austria 

3 CD Laboratory for Fiber Swelling and Paper Performance, Inffeldgasse 23, 8010 Graz, Austria 

* Ulrich.hirn@tugraz.at 

 
The degree of molecular contact, i.e. the contact area on the nanometer scale, between paper fibers is crucial for the 

van-der-Waals and hydrogen bond adhesion between the fibers and thus for the fiber-fiber bond strength1,2. We apply 

Förster resonance energy transfer (FRET) to investigate the degree of contact in the distance range of 1–10 nm 

between pulp fiber bonds and between thin films3,4. The FRET system with DCCH and FTSC as fluorescence dyes5 has 

been validated for spectrophotometry and for local imaging with widefield microscopy, using pHema thin films. 

Bonding between thin films can be detected with this system, however it has not been possible to achieve a significant 

FRET signal between bonded pulp fibers (Figure 1). Therefore, we conclude that in principle it is possible to quantify 

the degree of contact between two surfaces on the nanometer scale with the investigated FRET system. For further 

work on pulp fibers we recommend an exclusively surface active dyeing, as bulk dyeing massively deteriorates the 

signal to noise ratio which is likely the reason for the low FRET signal found in this work. 

 

 

 

 

 

 

 

 

Figure 1 – Graphical abstract where we can see both fibres and thin films bonded/crossed and labelled with the 

fluorescence dyes. In the areas of molecular contact, a FRET signal can be detected.  

REFERENCES 

1. Hirn, U. & Schennach, R. A Quantitative Analysis of Different Fiber-Fiber Bonding Mechanisms. Prog. Pap. 
Phys. Semin. 2014 (2014). 

2. Hirn, U. & Schennach, R. Comprehensive analysis of individual pulp fiber bonds quantifies the mechanisms 
of fiber bonding in paper. Sci. Rep. 5, (2015). 

3. Charron, D. M. & Zheng, G. Nanomedicine development guided by FRET imaging. Nano Today 18, 124–136 
(2018). 

4. Thomson, C. I., Lowe, R. M. & Ragauskas, A. J. First characterization of the development of bleached kraft 
softwood pulp fiber interfaces during drying and rewetting using FRET microscopy. Holzforschung 62, 383–
388 (2008). 

5. Thomson, C. I., Lowe, R. M. & Ragauskas, A. J. Imaging cellulose fibre interfaces with fluorescence 
microscopy and resonance energy transfer. Carbohydr. Polym. 69, 799–804 (2007). 
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The influence of anisotropy variation on the constitutive response of paper 

materials: the insights from modeling  

Mossab Alzweighi1, Artem Kulachenko1,*  

1 Department of Solid Mechanics, Royal Institute of Technology, SE-100 44 Stockholm, Sweden 

 

* artem@kth.se 

 
Paper as an engineering material is widely used in various applications from printing to packaging. The usage of paper 
as a fiber-based material has gradually advanced following the demand for replacing plastics. The production process 
of paper materials imposes the inhomogeneity and anisotropy properties which make it prone to sudden and 
stochastic failure that cannot be easily predicted. This problem is shared by some composite materials as well. The 
main constitutive components of the paper sheet are the fibers which are placed on top of each other stochastically 
with different orientation during forming and pressing stages. It leads to developing dissimilar properties in different 
loading directions. 

We chose a model-based approach in order to identify the relation between the degree of anisotropy in fiber 
orientation and the mechanical response of the fiber network. The modeling procedure provides the advantage over 
the experimental approach through the ability to vary the degree of anisotropy controllably meanwhile imposing the 
other structural properties such as density, grammage, thickness to be constant at their mean values, which is elusive 
in the experimental study. In this work, we used a micromechanical model to artificially generate 3-D fiber networks. 
The fiber network is constituted of fibers, which are deposited on a planar surface from both sides (up and down) this 
process is continued until the designated grammage is reached. 

The fibers are modeled as a series of non-linear Timoshenko beam elements. Each element has three nodes and 
quadratic approximation of translational and rotational degrees of freedom. Each node has 6 degrees of freedom 
(DOF) (3 DOF for translations and 3 DOF for rotation). The beam to beam contact with traction and separation law is 
used to model bonding between the fibers. A cohesive bond model with linear loading and softening behavior 
represents the bond failure model.  Each one of the numerically generated fiber networks will have a unique degree 
of anisotropy through controlling the orientation of the fibers during the deposition phase. The anisotropy is 
computed by measuring the fiber orientation distribution and fit it to an ellipse. The isotropy property is retrieved 
once the ration between the major and minor ellipse is equal to one. 

The aforementioned networks are loaded uniaxially with three different directions namely in MD, CD and with 45°. 
The stress-strain curves are extracted and used to determine the material parameters for an orthotropic constitutive 
model based on the continuum approach. In this way, changing the anisotropy will result in presenting different stress-
strain response, consequently different constitutive parameters. Based on this, a relation can manifestly be 
constructed to specify the substantial role of anisotropy on the constitutive response. 
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An Introduction to Molecular Dynamics for Modelling Natural fibres 

Ali Khodayari,1 Aart W. Van Vuure,1 Ulrich Hirn,2 and David Seveno 1 

1 Department of Materials Engineering, KU Leuven, Leuven, Belgium  
2 Institute for Paper-, Pulp and Fiber Technology, TU Graz, Graz, Austria  

 

* ali.khodayari@kuleuven.be 

 
Cellulose and its compounds have been the subject of many experimental and theoretical studies for years. However, 

some features of cellulosic fibres cannot be easily addressed neither through experiments, not through continuum-

scale modelling. As an example, there is still debate on reasons behind particular behaviours, e.g. the non-linear 

tensile stress-strain curve of natural elementary fibres.1 Additionally, the structure of cellulose crystals has been 

studied through X-ray scattering or electron diffraction methods but there is not yet enough explanation of the 

significance of the role of the micro-fibrillar angle on the strength of materials under tensile load. In a more 

fundamental way, researchers have utilized Molecular Dynamics (MD) simulations to investigate these aspects of 

natural fibres during the past couple of decades. 

An atomistic model of crystalline and non-crystalline cellulose (dislocations) is modelled by MD.2 The mechanical 

properties of the models are investigated by performing tensile tests and the difference between the models are 

characterized based on the torsional angles of different groups of atoms. Results show that a lower mechanical 

property of the dislocated cellulose can be related to distorted dihedral angle distributions. These distortions 

consequently play a role on changing the intra- and inter-chain hydrogen bonding patterns, leading to a shift in 

stacking of the chains.  

The results of MD simulations can be further applied to coarse-grained models, where larger systems can be 

structured. The intension of these studies is to bridge the findings at the nano-scale to macro-scale. 

REFERENCES 

1. Placet, V., Cissé, O., & Lamine Boubakar, M. (2014). Nonlinear tensile behaviour of elementary hemp fibres. Part 
I: Investigation of the possible origins using repeated progressive loading with in situ microscopic observations. 
Composites Part A: Applied Science and Manufacturing, 56, 319–327. 

2.  Khodayari, A.; Van Vuure, A. W.; Seveno, D, Investigating the Mechanical Properties of Iβ Crystalline Cellulose 
and Dislocated Cellulose by Molecular Dynamics Simulation. ICCM22 Proceedings, 22nd International Conference 
on Composite Materials, August 2019, Melbourne, Australia.  
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Surface modification of regenerated cellulose fibers using carbide ceramic 
particles in combination with polyelectrolyte 

Ö. Yapar 1, A. Štritof 1, F. Debelak 1, R. Kargl 2, 3, 5, K. Stana-Kleinschek 2, 4, 5, A. Ojstršek 2, 5 

 

1 Predilnica Litija, Kidričeva 1, 1270 Litija, Slovenia 

2 Laboratory for Characterization and Processing of Polymers (LCPP), Faculty of Mechanical Engineering, University 
of Maribor, Smetanova ulica 17, 2000 Maribor, Slovenia 

3 Institute of Paper, Pulp and Fiber Technology, Graz University of Technology, Inffeldgasse 23, A – 8010 Graz, 
Austria 

4 Institute of Inorganic Chemistry, Graz University of Technology, Stremayrgasse 9/V, A-8010 Graz, Austria 
5 Institute for Automatics, Faculty of Electrical Engineering and Computer science, University of Maribor, Koroška 

cesta 46, 2000 Maribor, Slovenia 

 

Viscose fibers, regenerated cellulose fibers, have been studied extensively, due to their good physical and mechanical 

properties, softness, excellent processing characteristics and adequate liquid transport properties [1]. Modifying 

fibers by carbide ceramic particles (SiC and ZrC) is one approach for imparting special functionalities, e.g. temperature 

resistance or thermal conductivity. In order to enlarge the binding efficiency and washing durability of the particles 

on the fibers surfaces, some extra binding/crosslinking compound should be added before (pre-treatment) or during 

the particles’ application. 

The aim of presented work was firstly to embed carbide ceramic particles on the viscose fibers, and secondly, to 

evaluate newly-obtained properties. Thus, fibers surfaces were pre-treated with a selected cationic polyelectrolyte 

and further coated with aqueous medium of Na-CMC dispersed in the aqueous solutions of CaCl2 together with 

ceramic particles, using exhaustion procedure and lab-scale finishing device. Finally, washing and drying procedures 

were accomplished, and samples were stored at desiccator for further characterization. The influence of pre-

treatment process was studied as well as different exhaustion process parameters, i.e. concentration of utilized CMC 

and ZrC and temperature, drying temperature, with the aim to obtained optimal conditions for sufficient and durable 

coatings. Functionalized surfaces were analyzed using Scanning Electron Microscopy (SEM). Tensile properties of the 

fibers were determined by means of Vibrodyn 500, charged fiber surfaces with potentiometric titrations, and optical 

properties by spectrophotometric measurements. 

 

KEYWORDS: Viscose fibers, CMC, surface modification 
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86(9) 990–1005, DOI: 10.1177/0040517514559577. 
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Cellulose Aerogel Fibres: Development of a Multi-Functional Wound Dressing 
 

M.Rostamitabar1, G. Seide1, S.Joeckenhovel1, 2 S.Ghazanfari1,2* 

 
1-Aachen-Maastricht Institute for Biobased Materials (AMIBM), University of Maastricht, Urmonderbaan 22, 6167 

RD, Geleen, The Netherlands 

   2-Institute of Applied Medical Engineering, RWTH Aachen, Pauwelsstr. 20, 52074 Aachen, Germany  

 

*samaneh.ghazanfari@maastrichtuniversity.nl 

 

Introduction: Porous cellulose aerogel fibres with high porosity, low density and high specific surface area can be a 

suitable candidate to design multi-functional wound dressings. The structure of the nano-porous network inside the 

fibres can be tuned based on the release profile of each bio-active agent that covers a particular phase of the wound 

healing process. 

Materials and Methods: Cellulose is dissolved in molten salt hydrate of ZnCl2. The high viscous solution of the cellulose 

(5-6% w/w) is spun by a customized wet spinning line at 70 oC and regenerated in ethanol or isopropanol. The obtained 

salt free alcogel fibres (ϕ=100-500 μm), could be impregnated by supercritical CO2 methods such as solvent exchange 

or post treatment. In solvent exchange, the alcogel fibres could be immersed in a drug solution then introduced to 

the autoclave for in-situ drying and impregnation. However, in post treatment process, first pure aerogel fibre is dried 

with SCO2 then it is placed in the autoclave again for impregnation. In this study, four different model drugs including 

Vitamin C, Methyl blue, Fluorescein and Rhodamine B were investigated.  

Results: The white opaque aerogel fibres were obtained after SCO2 drying with a shrinkage of 15 ± 5%. The mechanical 

properties of the fibres showed to be dependent on the cellulose concentration, the type of solvent and the fibres 

diameter. Fibres strength is rather low, for example 1 N is the max. tensile force for sample with dimeter of 200 μm. 

Scanning electron micrographs (SEM) of the aerogel fibres cross section shows a porous mesh of randomly oriented 

cellulose nano-fibrils connected in 3D with pore sizes ranging from 10-200 nm (Fig.1). The drug release measured in 

PBS (pH 7.4 and 37 oC) proved to be diameter depended and a high amount of drugs is released in less than 200 mins. 

X-ray microtomography showed that the fibre structure consists of 63% open porous and 0.01% closed Porous (Fig.2). 

In addition, using XTT assay the viability and proliferation of fibroblast cells in contact with cellulose fibres was 

measured. In some samples, small traces of trapped salt reduce the proliferation rate, requiring further washing of 

alcogel fibres after regeneration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-Scanning electron micrographs of cellulose aerogel fibers 
obtained by isopropanol regeneration and supercritical CO2drying (6 
wt.% cellulose content). 

Figure 2- X-ray microtomography (Micro CT) of cellulose 
aerogel fibers, reconstruction-using CGLS with 10 iterations, 
resolution 0.8 micrometer 
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Chemical derivatization of polymers is a common approach to increase biocompatibility, decrease toxicity or add 

various chemical functionalities. 1,2   The aim of this work is to introduce a pH-independent positive charge into 

polyallyamine hydrochloride (PAH) by an amide bond with betaine hydrochloride. Electrospun fibers should be formed 

with this derivative in combination with carboxymethyl cellulose (CMC) and polyethylene oxide (PEO). Resulting 

materials could be used as antimicrobial wound dressings. 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) in 

combination with N-Hydroxysuccinimide (NHS) have long been proven as efficient coupling agents to form amide 

bonds. This chemistry was investigated here for betaine hydrochloride and PAH. 

Characterization of the product was conducted by attenuated total reflectance Fourier transform infrared 

spectroscopy (ATR-IR), 1H, and 13C NMR spectroscopy. Based on the obtained results it can be concluded that a novel 

cationic PAH derivative has been synthesized. As confirmed by scanning electron microscopy, the cationic product is 

spinnable into nanofiber webs when combined with CMC and PEO. The concentration of the cationic product was 

calculated in accordance to minimum inhibition concentration towards E. coli and CMC as a biogenic biocompatible 

fibrous polymer. Determination of the minimum inhibition concentration (MIC) of quaternized polyallylamine against 

E. coli showed a good antimicrobial activity. Further investigations target more detailed antimicrobial testing and 

biocompatibility studies of the quaternized polyallylamine and possible application of the nano-fiber webs as wound 

healing materials. 
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Cellulose fibers are very strong with impressive ability in bonding; considering the objective of end-product paper 

properties, the understanding of suitable properties of fibers, is a challenging topic for research and developments in 

pulp and paper industry. The mechanical characterization of paper fibers and paper fiber bonds directly implies the 

mechanical properties of paper. 

One of the most important parts in tailoring bio-based fibers is characterization of mechanical properties. Currently, 

a vast amount of time of our scientists is being wasted on manual sample manipulation, test monitoring, data 

trimming, statistical analysis and so on. By using machine vision and machine learning algorithms, we are trying to 

automate tests on mechanical properties of fibers (Fig.1). This intelligent platform is aimed to be based on deep 

learning techniques such as Convolutional Neural Network (CNN), Recurrent Neural Network (RNN) and in further 

scope using Reinforcement Learning. Another part of our objectives is to enable our system to detect failures during 

manipulation and measurement process; subsequently it would be capable of adaptive decision-making for boosting 

up the characterization and skipping the manual time consuming parts. 

Finally, the desired platform is a modular and scalable software package which enables our micro-robotics platform 

to manipulate samples with an automatic process surveillance at microscale. 

 

 

Figure 1: Micro-robotics platform; tensile testing of paper fibers 
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*fazilet.guerer@um.siardiovascular diseases are disorders of heart and blood vessels and the leading cause of death 

in the world. Traditional treatment is the transplantation of autologous healthy blood vessel via bypassing diseased 

vessels. Alternatively, artificial vascular grafts have gained a great interest1. For example, polyester-based grafts 

with inner larger-diameter (> 6mm) are readily available for the clinical use. However, they are not suitable for 

small-diameter vascular graft applications since thrombosis and occlusion can still occur on the luminal surface of 

the graft2. Many approaches including surface modification, optimization of mechanical and structural properties 

have been introduced to enhance the biocompatibility and growth of endothelial cells (ECs)3. 3D printing is an 

advanced method currently used in vascular tissue engineering application because of its feasibility to create 

patient-specific grafts and control over fabrication.4,5 For such application, choosing appropriate biomaterials as a 

ink is a key parameter for the proper design of the grafts. These biomaterials must be degradable, cost effective and 

sustain its structure for time period enough for allowing complete endotheilization6.  This work aims to prepare 

amino-acids modified polysaccharides (PS) and use them for creating vascular graft by 3D printing technique. These 

modified PS brings new functionality, optical properties, and can be used to increase of hemocompatibility, mimic 

the components of extracellular matrix of vascular tissue, improve the ECs adhesion, and to prevent the unspecific 

protein adsorption. 
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