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SESSION 1: REDOX ENZYMES

Laccase and its possibilities in the textile industry

Kristiina Kruus

VTT Biotechnology, P.O.BOX 1500, FIN-02044 VTT, Finland, fax: +358 9 455 2103, e-mail: kristiina.kruus@vtt.fi
Laccases are multi-copper containing enzymes, which catalyze the oxidation of a variety of organic and inorganic substrates coupled to the reduction of molecular oxygen to water with the one-electron oxidation mechanism.  Laccases have a surprisingly wide substrate specificity range catalyzing a variety of aromatic, especially phenolic compounds. In the presence of mediators, they exhibit an enlarged substrate range being able to oxidize compounds, which are not their actual substrates. Laccase or laccase-like activity has been demonstrated in higher plants, some insects and a few bacteria. However, the best known laccases are of fungal origin, especially from the class of white-rot fungi. Plant origin laccases are reported to have an important role in wound response and lignin synthesis, whereas in fungi they are involved in lignin degradation, as well as in several other functions, including pigmentation, fruiting body formation, sporulation, and patogenesis.

Due to their catalytic properties laccases have gained considerable interest in various industrial areas. The most intensively studied applications include pulp delignification, textile dye bleaching, effluent detoxification, detergents as well as biopolymer modification. Laccases are currently used in large scale in finishing of denim fabrics.

High-redox potential peroxidases

A.T. Martínez

CIB, CSIC, Velázquez 144, E-28006 Madrid, Spain

Three ligninolytic peroxidases are produced by fungi, lignin peroxidase (LiP) and manganese peroxidase (MnP) first reported in Phanerochaete chrysosporium, and the versatile peroxidase (VP) recently described in Pleurotus eryngii and related species. Extensive biochemical and molecular characterization of these enzymes have been reported during last years because of their biotechnical potential including textile and paper manufacturing applications among others. LiP is characterized by oxidation of high redox-potential compounds, and MnP by oxidation of Mn2+ (Mn3+ chelates acting as diffusing oxidizers). The novel VP is able to oxidize both typical MnP and LiP substrates. Before elucidating the crystal structure of LiP, only one peroxidase (CCP) crystal model was available. The high redox potential of ligninolytic peroxidases is structurally related to the distance between the heme iron and the proximal histidine, and the ability of MnP and VP to oxidize Mn2+ is due to the existence of a Mn-binding site formed by three acidic residues near the internal heme propionate. The structure-function information currently available enables the future use of protein engineering technique to modulate the activity and stability properties of these powerful biocatalysts to better fit different industrial applications.

Catalases for textile processing
Paar, A.1, Gudelj, M.1, Cavaco-Paulo, A.2, Gübitz, G.M.1

1Department of Environmental Biotechnology, Graz University of Technology, Petersgasse 12, A-8010 Graz, Austria, Email: guebitz@ima.tu-graz.ac.at   Fax: 0043 316 8738815

2University of Minho, Textile Engineering Department, 4800 Guimaraes, Portugal
In this paper, the potential of catalases in textile processing is discussed. Furthermore, the function of this class of enzymes including bifunctional catalase-peroxidases is discussed. Results of recent investigations are presented in a second part of this talk. The properties of catalases produced by bacteria growing at high pH and temperatures (up to 65°C and pH 10.0) are discussed. Stabilities of enzymes, immobilized enzymes and immobilized microorganisms are compared. Important parameters for the development of continuous packed-bed reactors are explained considering both enzyme kinetics and the characteristics of bleaching effluents. Finally, data on the reuse of enzymatically treated bleaching effluents in dyeing are presented.

Electrochemistry of redox enzymes

Artur Cavaco-Paulo, Cesar Fernandez, Tzanko Tzanov, Georg Guebitz, Rui Antunes

Textile Eng, University of Minho, Azurem, 4800 Guimaraes Portugal, Fax: 351-253-510293, artur@det.uminho.pt
Redox enzymes catalyse electron transfer reactions. The activities of these enzymes are dependent on the redox potencial of the active site and on their stereo acessibility towards the substrate molecule. In this paper we show the electrochemical characterization of several laccase mediator systems. The immersion of a laccase coated glassy carbon electrode in mediator solutions generated large cathodic catalytic currents easily recorded by cyclic voltammetry at low potential scan rates. This current showed two well-defined pH profiles, which are correlated with the variation of the mediator redox potentials at the pH range tested. The relevant effect of temperature on the activity of laccase has been assessed here. Likewise, it was shown that the current recorded varied with the substrate concentration. This trend fitted Michaelis-Menten kinetics, which allowed us to give an estimation of the affinity of the fungal laccase for the different mediators.

SESSION 2: BIOTECHNICAL FIBRE ENGINEERING

Surface modification of cellulosic fibres with kinases and estearases

Tzanko Tzanov, and Artur Cavaco-Paulo

Textile Eng, University of Minho, Azurem, Guimaraes 4800, Portugal, Fax: 351-253-510293, tzanov@eng.uminho.pt
New approaches for surface modification cellulosic textiles are done with kinases and esteareses. Funcionalization of cellulose are done by the use kinases and ATP. Properties improved with kinases on cellulosic textiles are anti-fire properties and improved dye-uptaking. Esteares are used to improve the properties of crosslinked cotton with policarboxilic acids. Properties improved with esteraeses are handle and fibre strenght.

Novel enzyme applications for the textile industry with specific reference to transglutaminase

J. Cortez and M. Griffin

Department of Life Sciences, The Nottingham Trent University, Clifton Lane, Nottingham, NG11 8NS, UK

The wool finishing industry is under continued pressure to use more environmentally friendly finishing processes and to find new methods of making wool garments more competitive in the global market. This work, which forms part of a UK Research Council LINK programme, aims to develop novel enzymatic finishing effects based on the introduction of ε(γ-glutamyl)lysine crosslinks via the transglutaminase (TGase) enzyme(s). 

The potential of using TGases as biocatalysts in the treatment of wool textiles offers a variety of exciting and realistic possibilities, which includes reduced wool fabric shrinkage propensity and maintenance or increase in fibre strength. The possibility of using TGases to incorporate active compounds into wool fibres with a view to altering their functionality also offers considerable potential. 

The incorporation of fluorescein cadaverine into wool fibres by TGase was found to be a useful screening method to optimise TGase cross-linking and/or the incorporation of functional alkyl amines into the wool fibres. 

Incubation with either tissue TGase alone or following a protease treatment of wool led to an increase in yarn and fabric strength and a significant reduction in fabric shrinkage. 

The effect of pre-treatments with different oxidative and reducing agents, as well as a proteolytic treatment on TGase crosslinking of wool indicated these treatments influenced the benefits of TGase treatments in terms of yarn strength and elongation in distinct ways. However, all types of pre-treatment led to significant increases in tensile strength and elongation. 

A number of different primary amine substrates and a milk casein digest were evaluated in terms of their effects on wool fibre properties. 
The results found so far open a number of possible novel and radically different finishes for wool textiles.

The effect of cellulases and xylanases on molecular weight distribution MWD of cellulose from man-made fibres.

Danuta Ciechańska, Henryk Struszczyk, Grażyna Strobin, Krystyna Guzińska

Institute of Chemical Fibres, Lodz, Poland, email:iwch@mazurek.man.lodz.pl

Enzymatic modification was applied for finishing of fibres made from regenerated cellulose, which are very susceptible to pilling, due to their fuzzy and uneven surface. Finishing process employing specific cellulase/xylanase enzymes isolated from Trichoderma and Aspergillus strains were used for the modification of cellulosic fibres such as viscose, Celsol and Lyocel. Compare to untreated, the biomodified fibres show the changes in their structural parameters as well as physico-mechanical properties accompanied by changes on microtopography of the fibres. The general aim of the studies was to estimate the effect of enzyme treatment on the changes in molecular structure of cellulose in tested fibres and to compare the mechanism of enzyme action depending on  type of man-made fibres used.

EPR of silk fibre after reaction with HRP and H2O2

C.Oliva, G.Freddi (*), S.Repetto and A.D’Ambrosio

Università di Milano and (*) Stazione Sperimentale della Seta di Milano

The enzymatic reaction of silk fibre with horseradish peroxidase (HRP) and H2O2 has been investigated. The aim was the generation of phenoxy radicals able to polymerise forming molecules as lignins. It is well known that two intermediate complexes (Compound I (CI) and Compound II (CII)) can be isolated during reactions like this. Both of them are formed of Fe4+ axially bonded to an oxygen atom and to a porphyrin (-cation (P(+) radical. The bond with O and that with P(+ have nearly the same strength with CI, while the bond linking Fe4+ to O is stronger and that linking P(+ is weaker with CII than with CI. The EPR spectrum observed with silk fibre after six minutes of treatment with HRP and H2O2 was composed of two main patterns due to a paramagnetic system with S = ½, g// ( 2.05 and g( = 3.2. The last value decreased markedly in few minutes and then a more symmetric EPR line appeared. The former spectrum is attributed to CII, rapidly transforming back to CI. A few dried samples have been examined three days after, revealing a powder-like spectrum with S = ½  g// ( 2.035 and g( = 2.335, attributed to CI. The latter g value increased up to 2.38 with the three-weeks aged sample. This fact has been interpreted as due to a weakening of the interaction between [FeIV=O]2+ and P(+ occurring during the sample ageing. Indeed1 paramagnetic systems like these are characterised by g// ( ge and g( = gP - 2 g(Fe (J/D//) ( 2 - 2 x 2.28 (J/D//). D// is the component, along the Fe=O bond, of the dipolar coupling constant between the Fe unpaired spins, amounting at nearly 22 cm-1. J = JF + JAF is the exchange coupling between SFe and SP, where JF<0 and JAF>0. The last contribution decreases with the weakening of the chemical bond with P(+. Therefore larger values of g( indicate weaker bonds between [FeIV=O]2+ and P(+. 

1. C.E.Schulz et al., FEBS Letters, 1979, 103, 102.

Microemulsion Media for Enzymatic Defibrillation on Tencel(
Pierandrea Lo Nostro, Danilo Corrieri, Massimo Ceccato, and Piero Baglioni

Department of Chemistry and CSGI, University of Florence, Via della Lastruccia 3, 50019 Sesto Fiorentino (Firenze) – Italy - Email: pln@csgi.unifi.it - Fax: +39 055 457-3010 - Internet: http://www.csgi.unifi.it
We report our studies on the enzymatic defibrillation of Tencel(, carried out in pure water and in a water-in-oil microemulsion system made up of a mixture of water/decane/triton-X45. Surface properties were evaluated through scanning electron microscopy, contact angle, porosimetry, breaking load, and thickness experiments, in order to check the fabric’s surface modification upon enzymatic treatment, and indicate that the process is more efficient and less damaging when performed in the microemulsion medium.

Comparison of physiological features of some man made and natural fibres

Prof. Dr. Ryszard Kozlowski, Malgorzata Zimniewska

Institute of Natural Fibres, Poland

The natural fibrous raw materials, including flax use in textile, are in all aspects human friendly. They are environmental friendly and guarantee the optimal comfort in use. From the very beginning of human history they serve to man protecting from the unfavorable elements of the environment providing a perfect comfort. The synthetic fibers introduced in 20th century as easier to maintenance had been uncritically accepted despite they could not match natural fibers in respect of comfort. 

     21st century seems to be the age of human care. Protection of environment and healthy food are already on our minds. Now it is time to look closer at the clothing we wear. Modern apparels should not only give the highest comfort, but should also have a positive influence on healthy features of our body or at least not hurt it.

     The paper contains the newest results of researches done on polyester and linen clothing. Among different tests that have been done fabrics protection against UV was measured. It was also tested if the fibre origin has any influence on human body parameters that are responsible for the state of immunological system. Additionally muscle tension in presence of synthetics and natural fibres was tested. These tests have been done during physical activity of human as well as during relaxation.

     The next aim of the researches was to find the answer to the question, whether staying in different kinds of wear in given conditions, during the rest or exercise may be the cause of the oxidative stress and how the organism defense mechanisms change. One of the ways to test the ability of the organism to defense itself against the reactive oxygen species is to determine so-called total antioxidant status (TAS). This parameter informs about total ability of tissues to neutralize exactly determined amount of reactive oxygen species.

Enzymes, textile fibres and human health

G. Neri, P. Apostoli

Department of Experimental and Applied Medicine

Occupational Health and Industrial Hygiene – University of Brescia

In the textile industry the enzymes were traditionally employed in cleaning processes. Nowadays enzymes such as pectinases, proteases, lipases, cellulases, lignin modifying and oxidative enzymes are of great importance in the bioprocessing of the protein, cellulosic and bast fibres.  

Since ‘70 some important effects on human health related with exposure enzymes used by textile workers have been reported in scientific literature.

Usually these were acute effects, in particular on respiratory and dermatological apparatuses. After inhalation, symptoms like pharyngitis, wheezing, rhinorrea, dyspnea, bronchospasm were described. Dermatitis has always been ascripted to their primary irritant activity, rather than sensitization. Chronic effects are referred to the capacity of some enzymes to release bradykinin and histamine, leading to long term immunological diseases. It must be however recalled that these studies refer mainly to enzymes used in detergents.

The knowledge of pathogenetic mechanisms appears necessary to establish correct medical surveillance programs and preventive measures.

A review about specific health effects linked to the use of enzymes in textile processes is presented.

SESSION 3: QUALITY CONTROL

Optical Spectroscopy: The All in One Sensor for Materials: Characterization and Process Control

R. W. Kessler

Institut für Angewandte Forschung, University of Applied Science, Dept. Process Analysis, FH Reutlingen, Alteburgstr. 150, 72762 Reutlingen, Germany

W. Kessler

Steinbeis Technology Transfer Centre for Process Control and Data Analysis, Herderstr. 47, 72762 Reutlingen, Germany

Optical spectroscopy is a universal tool for a fast and detailed materials characterization. It can also be used for process control as it is non penetrating and it provides fundamental information on the morphology and chemistry even on a molecular level.

Molecules and their chemical identity can be characterized by their wavelength selective absorbance especially in the infrared (IR) region (including the overtones in the near infrared region - NIR) and by Raman spectroscopy. The electronic levels in a molecule and their changes by the specific interaction with its matrix can be analysed by UV/VIS, fluorescence and also NIR-spectroscopy. Changes in the polarisation of light show variations in inter- and intramolecular interactions as well as changes in particle sizes. Different angles of illumination of the sample and detection of the specularly and diffusely reflected light at different angles offer insight into macroscopic and microscopic morphological variations. The wavelength dependent scattering characteristics identify particle size and particle size distribution. The need for various types of spectrometers working in parallel has thus been recognised for a long time for an overall specification. However, this vast information may always be superposed, thus appropriate statistical (chemometrics, pattern recognition) tools are necessary to deconvolute the basic information of the data and its assignment.

In the first section of the paper, examples will be given using IR, Raman and Fluorescence spectroscopy together with multivariate data analysis in the characterization of fibers and this information will be related to functionality and identity of the material. It will be shown, how happenstance samples are used to select reference materials for standardisation. A suggestion for an objective qualification of flax will given.

In the second section of the paper, examples for an on line control scheme for processing of solids and liquids will be presented. At present, the best state-of-the-art approaches rely on statistical process modeling for quality prediction just using measured data. On-line quality controls and process optimisation can only be successful if based on appropriate process analysis using the intrinsic properties of the product (measured by spectroscopy) and the principled knowledge about the relationship between plant parameters and product functionalities. The on line control during fibreboard production and the enzyme treatment of a textile effluent will illustrate the procedure. It will concentrate on cost-performance modeling and optimization.

In the last section, the paper will describe the future trends in spectroscopy. Especially micro electromechanical mechanical systems (MEMS) will allow spectroscopic imaging and mapping on a microscopic and macroscopic scale at low prices. Nanoscopic structures of biobased materials will be characterized by Near Field Spectroscopy in situ with an optical  resolution far beyond diffraction limit.

Investigation of a crease recovery treatment of linen using Instrumental techniques

D. McCall and S. Sharma
Department of Applied Plant Science, The Queen's University of Belfast

The poor crease recovery performance of linen fabrics in comparison to for example cotton fabrics has been a long running problem for the linen industry. This problem has been exacerbated by the claim that crease recovery treatments for cotton fabrics have been successful. Hence an improved knowledge of flax fibre structure and chemical uptake could aid the resolution of this problem. The instrumental techniques of Scanning Electron Microscopy (SEM), Energy Dispersive X-Ray Microanalysis (EDX) and Secondary Ion Mass Spectroscopy (SIMS) were used to investigate the surface effects of the treatment of linen with a compound (dimethylol urea (DMU)) known to improve the crease recovery performance of the fabric. The aim of this investigation was to understand how the DMU is taken up and incorporated into the flax fibre structure.  Using the ability if the SEM to visualise microscopic surface structural changes in bleached, mercerised and scoured linen fibres. The elemental changes on the flax fibre surfaces were studied using EDX, and the surface analysis technique of SIMS was used to investigate possible changes at molecular level.  The results of the above techniques were compared to the Crease Recovery angle performance, and to the measured quantity of nitrogen stabilised in the fabrics relative to untreated fabrics. The crease recovery angle tests clearly revealed an improvement in crease recovery performance, and the nitrogen determination indicated incorporation of DMU into the flax structure. However the SIMS and the EDX results demonstrated that the inclusion of DMU was not surface orientated although SEM results revealed small visual surface changes. The results and techniques will be discussed to show changes in the approach to chemical uptake by flax fibres.

Mass transfer in enzymatic applications in textiles

Nierstrasz, V.A.,

Dept. Of Chemical Technology, Textile Technology Group, The Netherlands v.a.nierstrasz@ct.utwente.nl
In enzymatic processes mass transfer and mass transport are often rate limiting. Therefore these processes require a relatively long processing time. In these processes diffusion and convection in the inter yarn and intra yarn pores of the fabric is the limiting mass transport mechanism. Intensification of mass transport is key in the improvement of the efficiency of enzymatic processes. Conventional methods of intensification of mass transport (e.g. operation at elevated temperatures) are not always feasible. In literature it has been reported that the deformation of yarns by repeated mechanical elongation of the yarns improved mass transport. Power ultrasound is another promising technique to accelerate mass transport. Different time and length scales will be discussed in the intensification of mass transport in textile processes

· in the presence of ultrasound

· through the deformation of yarns as a result of repeated elongation

and compared with more conventional processes.

SESSION 4: ENVIRONMENT

Biodegradation of textile azo dyes using sequential batch reactors
Helena M. Pinheiro, Nídia D. Lourenço

Centro de Engenharia Biológica e Química, Instituto Superior Técnico, Av. Rovisco Pais, 1049-001 Lisboa, Portugal - helena.pinheiro@ist.utl.pt

Colour is a major concern in textile wastewater treatment, a significant part of it being due to water-soluble, azo-type synthetic dyes. These are generally insufficiently degraded or retained in aerobic biological treatment units and their physico-chemical treatment often involves high costs and unreliable efficiency. Many reports of azo-dye decolourisation in anaerobic bioreactors have been published, but the complete removal of the hazard associated to the resulting metabolites has been rarely demonstrated, even through the introduction of an aerobic post-treatment. The use of a sequencing-batch reactor with cyclic anaerobic and aerobic periods is here presented as a possible means to achieve decolourisation and mineralisation of azo textile dyes. Aspects including sludge age, cycle scheduling, ORP variations, denitrification conditions, hydraulic retention time, dye type and the fed concentrations of dyes and auxiliary carbon source are covered.

Economic feasibility and ecological benefits of a catalase process

Peter Gebhart,

DECHEMA e.V., Karl-Winnacker-Institut, AG Bioverfahrenstechnik

Many a process change – away from a chemical process to a biotechnological one – can considerably reduce resource consumption and environmental pollution without incurring expensive investments of a technical and financial nature. At the same time costs can be cut and the competitive position of a company can be improved.

This fact was clearly demonstrated by a profitability analysis of a process step in the textile finishing sector. With support from Deutsche Bundesstiftung Umwelt, the Bioprocess Engineering Research Group of DECHEMA e.V. compared two different methods of removing peroxide residues from cotton material which had been bleached with hydrogen peroxide.

Here the cost-saving potential of the new process amounted to 6 to 8% of the costs of the conventional process. This gave the textile finishing company concerned an advantage over the competition. It could also be shown that the substitution of the conventional process step by a biotechnological one results in less consumption of resources and less pollution. This example served to prove that the application of biotechnology based on production-integrated environmental protection combines ecological and economic advantages.

The lecture will show technical aspects of the new biotechnological process step in textile finishing, the  design of the analysis and the results of this analysis in terms of economic and ecological efficiency.

Biodegradation of Dyes in Textile Effluents by  Covalently Co-immobilized Multi-enzyme Oxidase System to Synthetic Polymer Beads.
L.Yotova,  F.Tileva, R.Betcheva
University of Chemical Technology and Metallurgy, 8, Kl.Ohridsky Blvd,  Sofia 1756 , Bulgaria, http://www.uctm.edu

Biological treatment is one of the most effective methods for dye degradation. The use of immobilized enzymes for this purpose has a number of advantages in terms of control, recovery and resistance to the environmental conditions. Co-immobilization of different microbial enzymes with different bio transformation capabilities , could be used to increase the effectiveness of the biodegradation process.

The aim of the presented study is to investigate and to optimize biodegradation of phenolic azo dyes in textile effluents by covalently co-immobilized multi-enzyme oxidase system to synthetic polymer beads.

Laccase, lignin peroxidase and manganese peroxidase from fungi strain Phanaerochete chrisosporium  1039 previously registered and selected in culture collection of the National Bank for Microbial Industrial Cultures of Bulgaria were used. They possess high biodegradable activity respectively for phenol compounds and azo dyes and previously were   cultivated for that purpose. The enzymes were covalently immobilized via hydroxymethyl groups to previously activated polymer beads    (synthetic copolymers such as acrylonitrile and acrylamide). By co-immobilization of different enzymes multi biocatalyst systems were obtained. 

Optimization and kinetic studies of biodegradation of 2 azo-phenolic dyes in water solution were carried out  in a continuous reactor system . Kinetic and inhibitory constants were calculated  depending on the  substrate concentration. 

Mathematical models of this system were set up and the influence of parameters of importance (flow rate etc.) were measured and used to predict the static and dynamic characteristics of the process.

New Enzymes from Alkaline Salt Lakes

Shaun Heaphy, Susan Grant & Brian Jones1

Envirogene, Department of Microbiology &Immunology, University of Leicester.

1Genencor International Leiden.

Soda lakes are the most alkaline environments on earth where pHs of 10 and above are common. They are characterised by large amounts of sodium carbonate formed by evaporative concentration. NaCl also concentrates to give alkaline saline environments with salinities ranging from 5% total salts to saturation (>30% w/v). Many enzymes having an alkaline pH optima are of industrial value especially in textile processing. Some have been found in microbes isolated from these soda lakes. It is well known that less than 10% of microbial populations are culturable, which means that potentially useful gene products are not available for exploitation by classical techniques.  Soda lakes have large populations of prokaryotic micro-organisms, most of which have gone uncharacterised making them an ideal gene pool for study.  The idea of the work was therefore to study Kenyan Soda Lakes for both microbial diversity and for chosen genes by direct DNA analysis.  To this end microbial diversity has been assessed using DGGE and tRFLP. More than 42 different environmental DNA libraries have been made and some have been screened for lipases, cellulases mannanases and proteases. At least 10 novel enzymes have been discovered and sequenced. Numerous other clones expressing enzyme activity are being characterised.

SESSION 5: BIOPROCESSING IN INDUSTRIAL SCALE

Combined Enzymatic Processes for the Textile Industry
Alexander Nikolov

Novozymes A/S, Denmark

The pioneer and the world largest producer of industrial enzymes, Novozymes A/S, offers all of the enzymes used today in the textile industry: amylases, lipases, pectinases, catalases, proteases, cellulases and oxidoreductases. Furthermore, we have developed processes where enzymes from different groups are applied together or could be combined with other finishing processes. Some of those combined processes, like “Single Bath Bio-Preparation and Dyeing”, “Single Bath Bio-Polishing and Dyeing” and “Combined Bio-Prepration, Bio-Polishing and Dyeing” will be outlined in the following presentation.
Use of enzymes in industrial cotton processing

M.G. Schmidt

Textilechemie Dr. Petry GmbH

More than 30 years ago alpha-amylases have been already used for desizing of starch sizes in industrial processing of cotton woven. These alpha-amylases were continuous developed and are today also available as very high temperature stable products.

It took almost two decades, in the late 80’s, until a new species of enzymes was considered to be used in textile industry – cellulases. During a long lasting denim fashion trend several discovered that cellulases do degrade cotton from the surface and thus resulting in a wash-out effect when there is a ring-dyed material. Today there is a wide range of cellulases available, which offer the finisher the desired specific characteristics, e.g. mono-component products optimize the effect/risk ratio. Many studies on the reactions mechanism of cellulases with cotton have been made and we know today a lot about the structure of the enzymes, with their cellulose binding domain and their active centre. At the moment there is another denim trend and the required looks are again somehow different than in the late 80’s or mid 90’s. Grey denim shades are very fashionable and this supports the environmental friendly alternative bleach with laccase instead of using chlorine or glucose.

Another focus of using cellulases since beginning of the 90’s is Bio-Finishing. Very nice fashionable effects can be achieved on cupro and tencel fabric and a permanent anti-pilling effect on cotton knits and terry cloth – the later even in continuous application.

Further developments of the from the fruit juice industry originated pectinases let to alkaline stable products, which are applied for pretreatment of cotton to remove pectines as alternative to alkaline scouring.

With the introduction of catalases in the mid 90’s a new epoch of enzyme usage in textile finishing started, namely the appliance of oxidases besides hydrolases. Today catalases are very wide spread for removal of residual hydrogen peroxide after bleaching prior to dyeing processes.

We are just at the beginning of this new era and already have another application in practical use – a peroxidase system to decolorize dyestuff liquors in reactive dye wash-off. The teaming up in various research projects will lead to new applications for enzymes in the textile industry. The objectives are creating new finishes and looks, improving process ecology and develop more economic procedures.

Flax processing from scouring to weaving with the aid of enzymes. A revisitation and the state of the art.
Mattia Ossola*°, Emilio Gheller*, Roberta Suardi° and Yves M. Galante*

* Lamberti spa, Albizzate (VA), Italy

° Linificio Canapificio Nazionale, Villa D'Almè (BG), Italy

Flax was one of the most important source of textile yarns until the 18th century, before cotton largely took over. Bast fibre crops, such as flax, can be grown in moderate climates, need less input of agrochemicals than the cotton plant to give high yields. Their content in hemicelluloses appears to contribute to the breathability and thermal insulation of the corresponding textile articles.

The bundle fibers from flax are derived from the vascular tissue of the plant stem. The elementary fibre is made up of one phloem cell with a large secondary cell wall containing many macrofibrils of cellulose and significant amounts of hemicelluloses, lignin, pectins, proteins, etc. During retting, the pectin layer and other components are likely degraded, but it is a spontaneous microbial process difficult to control. The subsequent mechanical scutching, separates the fiber bundles, consisting of connected elementary bundles, from the woody parts and from the cortical parenchyma. Because of several intrinsic differences and variables, technical processing of fiber bundles requires different steps to produce quality textile yarns. For instance: further mechanical treatments to split the fibre bundles into finer structures and to render them parallel; acid followed by alkaline scouring; one or two steps of alkaline bleaching; etc..

A great number of enzyme applications on raw flax have been described, but most or all were carried out with less than pure enzyme preparations, containing cellulolytic or hemicellulolytic side activities, which might hinder the real potential benefits of the main enzyme action. We have reinvestigated the effects of several well characterized recombinant industrial enzymes on raw flax fibre bundles (on a pilot scale of four 1 kg spools) as an alternative to chemical scouring, followed by a single bleaching step and yarn wet mechanical spinning. Enzymes investigated were: pectinase, xylanase, protease, galactomannanase, laccase, lipase, cellulase. After spinning, all relevant yarn parameters were measured and evaluated (e.g., resistance, stretching, % of neps, etc.).

Profiles of physical properties clearly showed the advantages of scouring with some more than others of the enzymes tested, when used under mild reaction conditions, in comparison with traditional chemical scouring. The spinning behaviour and other characteristics of bioscoured yarns from industrial trials were compared to traditonal processing.

POSTERS

[1]
Characterization of a novel laccase from Melanocarpus albomyces
Kristiina Kruus1, Laura-Leena Kiiskinen1, Markku Saloheimo1, Anu Koivula1, Nina Hakulinen2, Juha Rouvinen2
1VTT Biotechnology, P.O.BOX 1500, FIN-02044 VTT, Finland, fax: +358 9 455 2103, e-mail: kristiina.kruus@vtt.fi
2Department of Chemistry, University of Joensuu, PO BOX 111, FIN-80101 Joensuu, Finland

It is essential for many applications to obtain an enzyme, which works at a relatively high pH-range and elevated temperatures. Therefore we screened for laccase activity from our culture collection of thermophilic fungi. An interesting laccase produced by a thermophilic ascomycete Melanocarpus albomyces was discovered, purified and characterized. The enzyme showed activity towards typical substrates of laccases. The ultraviolet-visible absorption and electron paramagnetic resonance spectra indicated that the three types of coppers were present. The enzyme had very interesting pH and temperature behaviour. The pH optimum on quaiacol was at a neutral and slightly alkalic pH range and substantial activity was still discovered at pH 8. The laccase showed very good thermostability, retaining full activity for two hours at 60oC. The gene encoding the M. albomyces laccase was isolated and sequenced. The length of the open reading frame of the M. albomyces laccase was 623 amino acid residues. The copper binding residues were well conserved and the amino acid sequence had high homology to other ascomycete laccases. Interestingly the laccase had both amino and carboxy terminal processing. Heterologous expression of the M. albomyces laccase was carried out in Trichoderma reesei resulting in high enzyme production. The laccase was crystallized  with all four coppers present,  and the crystal structure was solved at 2.4 Å resolution. 

[2]
Pleurotus ostreatus oxidases and peroxidases

Giovanni Sannia, Gianna Palmieri and Paola Giardina

Dept. Chimica Organica e Biochimica, University of Naples Federico II, Naples, ITALY

The white-rot fungus Pleurotus ostreatus secretes an array of peroxidases and oxidases (laccases, manganese peroxydases and dye decolorizing peroxidase) whose non-specific nature and variety of oxidation potentials has attracted considerable interest for application in bioprocesses. Pleurotus ostreatus laccase isoenzymes have been extensively studied; most of these glycoproteins are characterised by singular properties.

POXC, is the most abundantly produced laccases which is secreted under all growth conditions examined and has been extensively characterised from the structural and catalytic point of view. The enzyme, a typical laccase characterised by an acidic pI (pI=3.0), appears to be quite stable with respect to temperature and denaturing agents (t1/2(60°C) ( 1 hr).

POXA1w laccase was also purified and fully characterised.  POXA1w is a monomeric protein with a pI of 6.7 The stability of POXA1w as function of temperature and pH resulted to be particularly high (t1/2(60°C)(5 hrs; t1/2(pH 8.0)>20 hrs).  The enzyme oxidises syringaldazine and ABTS together with a variety of different substituted phenols and aromatic amines, but is unable to oxidise guaiacol. Although the partial protein primary structure reveals clear homology with other known laccases, POXA1w shows singular differences with regard to copper content. UV/visible absorption spectrum, atomic adsorption and polarographyc data indicated the presence of only one copper, two zinc and one iron atoms per mole of protein.  

Addition of CuSO4 to P. ostreatus culture broth results in a substantial increase of total laccase activity and in the production of a new isoenzyme, POXA1b, that was purified and characterised. The enzyme is a neutral laccase (pI=6.9) which resulted to be extremely stable at alkaline pHs (t1/2(pH 10.0)>100 days).  The enzyme is a cell-wall-anchored protein, which is released in the medium only after proteolytic processing, being the extracellular form of the enzyme more stable than the cellular one. Processing by extracellular proteases, whose synthesis seems to be co-regulated with laccases expression in P. ostreatus, could be involved in POXA1b release in the broth medium. This processing which improves POXA1b stability has not been observed also for other Pleurotus ostreatus laccase isoenzymes.

POXA3 laccase, a secreted acidic enzyme (pI=4.7), is in vivo converted to a more active isoform by a proteolytic maturation process with an increase of its specific activity of more than 30%.  The protein consists of 67 and 15 KDa polypeptides whose activity and function still needs to be investigated. 

Cloning of the genes and cDNAs coding for the studied proteins allowed the elucidation of gene structures and the construction of 3D models of the enzymes, giving new insight in understanding structure/function/stability relationships of these laccases.  

Analysis of poxc and poxa1b promoter regions extending about 400 nucleotides upstream of the ATG revealed the presence of multiple putative MRE sites. In order to characterise the mechanism involved in copper regulation of poxc and poxa1b transcription, the role of the putative MREs in metal-induction of laccase gene transcription is under investigation. Furthermore setting up transformation protocols for P. ostreatus could give rise to strains overproducing laccase.

Two manganese peroxidase isoenzymes were purified to homogeneity from a P. ostreatus semi-solid stationary culture on poplar sawdust.  The isoenzymes differ in their pI values (3.5 and 3.7), molecular masses (38 and 41 kDa) and catalytic properties.  Both enzymes exhibit Mn2+-independent peroxidase activities when tested on several phenolic substrates (DMP, ABTS, guaiacol, syringaldazyne). The genes and the corresponding cDNA encoding these proteins have been cloned and sequenced.

The gene and the corresponding cDNA encoding a peroxidase homologous to proteins known as dye decolorizing peroxidase, have been selected and sequenced. The ability of P. ostreatus to degrade some azo-dyes is well documented, studies are in progress in order to define the enzymes involved in this process.  

[3]
Azoredutase activity in intact cells of a non-conventional yeast strain

P. A. Ramalho, M.H. Cardoso G. Guebitz M.T. Ramalho A. Cavaco-Paulo

University of Minho, Braga, Portugal

Several non-conventional ascomycete yeast strains, isolated from  dye-contaminated environments, display azo-reductive capabilities. Those strains can therefore decolorize azo dyes, which are widely used in the textile industries. The azoreductase activity has been described and investigated in a wide variety of anaerobic bacterial species, particularly from the intestinal microflora, and also, although more rarely, in aerobic bacteria. The present work describes some characteristics of the azoreductase present in one of the isolated yeast strains. This enzyme activity seems to be constitutive in the microorganism, as the decolourization process is not affected by pre-adaptation of the cells to the tested dyes. The azo reduction activity, measured at constant OD (optical density), has a maximum at the end of the exponential growth phase. For cells collected in this phase, the decolourization profile for the two dyes derived from N,N-dimethylaniline (I and II) presents a plateau between pH 3 and 5, while the analogue dyes derived from beta-naphtol (III and IV) have a maximum at pH 3. The azoreductase activity in resting cells shows a typical saturation kinetics in relation to the concentration of the dye. For dye II, at pH 4.0, a Km of 0,42 mM and a vmáx of 3,4 mmol*h-1*gDW-1 were obtained. Despite the low specificity of this yeast azoreductase, both the initial decolourization rate and the extent of the process are dependent on the dye structure.

[4]
Laccases from a newly isolated strain of T. hirsuta with potential in textile processing

L. Pereira1, T. Tzanov2, A. Cavaco-Paulo2, S. Ryan1,G. M. Gübitz1
1Department of Environmental Biotechnology, Graz University of Technology, Petersgasse 12,

A-8010 Graz, Austria, Email: guebitz@ima.tu-graz.ac.at   Fax: 0043 316 8738815

2University of Minho, Textile Engineering Department, 4800 Guimaraes, Portugal
Two laccases with molecular weights around 45kDa and 66kDa Da respectively, produced from the fermentation of the basidiomycete Trametes hirsuta, were identified and purified by chromatographic methods. Characterization by pH and temperature optimums, stability and inhibitors of both laccases was performed.  Kinetic constants were determinate using different substrates. Enzymatic decolorization studies of three different commercially used dyes (Lanaset marine, Diamond black and Indigo Carmine) with different pH’s and with/without ABTS and HBT as mediators were conducted and application of the enzyme in textile processing is discussed.

[5]
The electrochemical oxidation-reduction of indigo at glassy carbon electrodes

Rui Antunes, Carlos Basto, Georg Guebitz, Artur Cavaco-Paulo

Dept. Eng. textil. Univ. Minho, Guimaraes, Portugal

The direct electrochemical oxidation and reduction of indigo carmine at glassy carbon electrodes in aqueous solution was studied by cyclic voltammetry, controlled potential coulometry, UV-VIS spectroscopy and FTIR. Experiments yield information about the reaction mechanism and the kinetics, and they show the possibility of electrochemical degradation or decolourization of indigo carmine by controlled potential electrolysis.

[6]
Possible synergetic effects on using an enzyme together with non-ionic product as auxiliaries in wool dyeing

A. Riva, R. Prieto

Instituto de Investigación textil de Terrassa (Universidad Politécnica se Cataluña), Spain

Based on the studies carried out by the authors on enzymatic applications in wool dyeing, this study intends to establish the possible synergetic effects on using an enzyme together with a non-ionic auxiliary product.

Results of dye absorption, colour differences in the dyed samples, and some colour fastness are compared between a conventional dyeing system with electrolyte and dyeing systems in which the electrolyte is substituted by a new non-ionic auxiliary, by an enzyme or by both simultaneously.

Some ecological parameters (COD, BOD, pH, and conductivity) have been determined in the residual baths of the different dyeing systems examined.

[7]
Effect of the process parameters in enzymatic dyeing of wool

Tzanko Tzanov, Carla Joana Silva, Andrea Zille, Georg Guebitz, Artur Cavaco-Paulo

Departamento de Engenharia Têxtil, Universidade do Minho, Campus de Azurém, 4800-058, Guimarães, Portugal

This study reports for the dyeing of wool using an enzymatic system comprising laccase, dye precursor - 2,5-diaminobenzenesulfonic acid and dye modifiers ­ cathehol and resorcinol. The enzymatic dyeing was performed as a batchwise process at the temperature and pH of maximum enzyme activity. The effect of the process variables - reaction time, enzyme and modifiers concentration on fabrics colour was studied, according to an appropriate experimental design. Different hues and depth of shades could be achieved varying the concentration of the modifiers and the time of laccase treatment. The duration of the enzymatic reaction appeared to be the most important factor in the dyeing process. Thus the dyeing process, performed at low temperature and mild pH, was advantageous in terms of reduced enzyme and chemicals dosage.

[8]
Enzymatic finishing of wool and cotton

E. Schuh1, E. Heine1, N. Dâaloul1, H. Höcker1, R. Breier2, M. Schmidt2, K.-H. van Pée3, A. Apitz3, A. Mondschein3, K. Scheibner4
1German Wool Research Institute at the University of Technology Aachen, Veltmanplatz 8, D-52062 Aachen, Germany, 2Textilchemie Dr. Petry GmbH, Ferdinand-Lassalle-Str. 57, D-72770 Reutlingen, Germany, 3Technical University Dresden, Institut für Biochemie, Bergstr. 66, D-01062 Dresden, Germany, 4JenaBios Science GmbH, Loebstedter Str. 78, D-07749 Jena, Germany

During the last decade, biotechnologically based methods became increasingly important as alternatives to classical chemical textile finishing processes. Within wool processing e.g., up to now, the removal of vegetable matter is performed by carbonisation using sulfuric acid. If the process is not carried out carefully the product quality will be affected resulting in inferior mechanical properties and impaired dyeability of the wool material. In cotton processing bleaching is usually performed by using alkaline H2O2. Disadvantages of this water demanding process are the high load of inorganic salts and auxiliaries for textile processing in waste water and the decrease in average degree of polymerisation of the cellulosic material.

The aim of the project is the development and the industrial implementation of processes alternatively to carbonisation of wool and bleaching of cotton by means of oxidative enzymes. Ligninolytic enzymes from basidiomycetes (e.g. Mn-peroxidases [MnP] from Nematoloma frowardii and Clitocybula dusenii, hybridperoxidase from Bjerkandera adusta and laccases from Trametes versicolor and Pycnoporus cinabarinus) produced by JenaBios GmbH and peroxidases from various Bacillus species (e.g. B. sphaericus and B. globisporus) fermented at the Institut für Biochemie (TU Dresden) are investigated with regard to their applicability in textile processing. Subsequently the parameters for upscaling their respective production to a 300 L fermentation are to be investigated.

To develop an enzyme catalysed degradation of lignin in vegetable remnants in wool, oxidoreductases with differing “mechanism” and pH-optima are combined with xylanases and other hydrolases and their effect on lignin degradation in grass seeds and spiral burs is investigated. To date the most promising enzymatic treatment for degradation of vegetable matter is the combination of a xylanase with an alkaline pH-optimum with peroxidase from Bacillus sphaericus resulting in a substrate’s weight loss of up to 30%.

In the 2nd part of the project the potential of oxidative enzymes in cotton bleaching is investigated. These experiments are carried out on knitted fabric as well as on carded sliver to get an insight into the influence of the accessibility of the substrate on the effect of the enzymatic treatment. Six different hydrolytic enzymes were tested to obtain good accessibility to the cotton material for the following bleaching treatment. Cotton could be perfectly moistened after combined treatment with pectinase and hemicellulase. To test the bleaching effect of 12 oxidoreductases two model substrates were used in addition to the cotton fabrics. The polymeric dye Poly R-478 was bleached by six of the enzymes used whereas with soluble lignin as a substrate a darkening effect was observed, similar to the results obtained with the cotton material. In future we will investigate the possibility to remove these lignin reaction products from the fabric surface.

[9]
Silk degumming with proteolitic enzymes

R. Mossotti, R. Innocenti, G. Freddi*

C.N.R –ISMAC-Sezione di Biella-Biella, Italy

*Stazione Sperimentale per la Seta. Milano, Italy

Raw silk is composed of two proteins: sericin and fibroin, which can be split by water solution under pressure, by solutions of soap, surfactants, alcohol or acid and by enzymatic action. In this research work we have studied the kinetics and the mechanism of  complete or partial removing of the sericin from two different kinds of silk substrate: fabric and yarn .The experiments were carried out by using different enzyme concentrations at a constant temperature for a definite period of time and, in other case the experiments were carried out over a definite period of time and at a constant temperature. Silk degumming was quantified by means of weight loss of the treated samples and the results obtained were compared with the reference sample, which had been degummed by a Marsiglia soap solution at  boiling temperature. The catalytic action of the enzyme on silk was monitored  by using H.P.L.C analysis  of sericin hydrolysed.

The enzymatic action was monitored by means of morphological characterization of treated samples by using such analytical techniques as SEM, optical microscopy and dyeing affinity .

[10]
EXTREMOZYMES in wool finishing process – Transfer from lab to industrial scale

Karin Schumacher, Elisabeth Heine, Hartwig Höcker

German Wool Research Institute at the Aachen University of Technology (DWI)

Hand and dyeing behaviour are important quality aspects of wool. Common finishing processes, such as oxidation of the wool surface by means of chlorination to increase the dyeing affinity or application of softening agents to modify the handle, improve these properties. A great disadvantage of these processes is the environmental pollution, e.g., AOX.

Within the project “EXTRETEX – extremozymes for improving wool properties” enzymes were used in order to develop an environmentally friendly alternative. Especially enzymes from extremophilic micro-organisms (extremozymes) are regarded as promising for this purpose, since they can sustain, e.g., the high temperatures of wool dyeing processes or the high alkalinity of washing processes.

For economical reasons it was aimed at integrating the enzyme treatment in the established wool finishing process of the project’s industrial partner Tuchwerk Westmark (TW, Moenchengladbach, Germany). Aqueous treatments under constant temperature and pH conditions are essential for the application of enzymes. Therefore the typical dyeing process on a winch beck, which is conducted after a pre-washing step at TW, was used as a basis for the integration of a protease treatment since the treatment conditions such as temperature and pH value are controlled in this process. Due to the fact that the protease used was optimal active at higher pH values the alkaline pre-washing step of the wool dyeing on the winch beck was selected as a basis for the enzyme treatment.

Experimental series on a Turbomat laboratory dyeing machine (AHIBA) on wool top showed that the conditions of the pre-washing step are suitable for the thermo- and alkalistable protease. 

The new enzyme treatment was tested on fabric in laboratory scale and subsequently successfully scaled up to the semi-industrial scale. On a 40 L winch beck at TW several wool and wool blend fabrics were enzyme-treated and dyed afterwards. 

In order to optimise the process parameters for the enzyme treatment according to the type of fabric in question the results from treatments in the laboratory scale need to be transferable to the semi-industrial scale. Therefore, the question of the correlation between the lab scale (AHIBA) and semi-industrial treatment came into focus. Two fabrics with different mass per unit area were treated and dyed in laboratory scale and on the winch beck accordingly. The effects of these treatments as regards dyeability, printability and wool morphology were investigated and compared.

[11]
Influence of enzyme treatment on cotton fabric dyeing

Magdalena FOGORASI, Eliza Lia PUSCAS, Michaela Dina STANESCU

“AUREL VLAICU” University, Bd. Revolutiei No 81, 2900 Arad, Romania, E-mail:md_stanescu@chim.upb.ro

The action of three different Cellulases on cotton fabrics was studied. The enzymatic treatments have been performed during the dyeing with three reactive dyes. The experimental conditions were in agreement with the enzyme demands. 

The influence of enzyme concentration as well as that of the treating time on the process  was evidenced. The enzyme action  on cotton fabrics was measured by the corresponding weight loss due to the hydrolytic process.

The dyeing process was monitored with a Specol 10 UV-Vis Spectrophotometer. The CIELab method has been applied for calculating the color differences.

Considering the experimental results, the reaction conditions for the reactive dyes application on cotton fabrics, in the enzyme presence, have been established.

[12]
Enviromental benefits of pectate lyase bioscouring
B. Klug, K.-H. Robra, G. M. Gübitz

1Department of Environmental Biotechnology, Graz University of Technology, Petersgasse 12, A-8010 Graz, Austria, Email: guebitz@ima.tu-graz.ac.at   Fax: 0043 316 8738815

The traditional scouring process consumes large quantities of alkali and energy. Furthermore it affords huge amounts of rinse water to remove the alkaline treatment solution from the fabric. Since water resources are decreasing excessive use of water and water contamination is unacceptable. Bioscouring is an alternative process which requires less water due to the action of specific enzymes, pectinases. These enzymes attack the noncellulosic impurities on the cotton. In our work an alkalophilic Bacillus pumilus was isolated, which produces an extracelluar pectate lyase. This pectate lyase has its optimal activity at pH 8.0 – 8.5. This pH is required for the process to saponificate the waxes on the outer layer of the cotton to obtain a hydrophilic fibre for the dyeing process.

[13]
Dyeability, dyeing evenness and wash fastness properties of bioscoured cotton fabrics
Anita Losonczi1, Outi Kaarela2, Emília Csiszár1, Georg Szakács1
1Budapest University of Technology and Economics, H-1521 Budapest, Hungary

2Tampere University of Technology, FIN-33101 Tampere, Finland

In this paper a commercial cellulase (Celluclast 1.5 L), a hemicellulase-pectinase (Viscozyme 120 L) and a xylanase (Pulpzyme HC) enzymes were used for biopreparation of desized cotton fabric. Dyeability of the samples with a heterobifunctional reactive dye was investigated in details. In the first experiment the fabrics were dyed subsequent to the biopreparation. In the second experiment a hydrogen peroxide bleaching step was inserted between the biopretreatment and the dyeing processes. Weight loss, wettability and lightness of the biopretreated fabric samples were characterised. Moisture sorption and water retention values were also measured after the steps of the pretreatment. Dyeability was characterised by the colour depth (K/S), colour evenness (
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).Wash fastness properties of the dyed samples were also determined. Properties of the bioscoured fabrics were compared to those of the conventionally scoured samples. 

[14]
Will it be possible to come to a complete biopretreatment of cotton containing fabrics?

Herman Lenting

Dept. Centre for Textile Research, TNO, The Netherlands
The use of enzyme technology is already known for quite some time in the processing of cotton on the level of desizing. Recently, an enzymatic process for the scouring of cotton has been introduced. Major research effort is nowadays focussed to replace the current bleaching process by an enzymatic one in order to realise the complete cotton pretreatment in an enzymatic way. Question now is if all requirements are fullfilled for a succesfull implementation on industrial level when the biobleaching process is realised. In this poster some potential hurdles are discussed, like the integration of the different pretreatment processes, the removal of SCF's and monitoring enzyme activities.

[15]
Preliminary preparing processes of cellulosic textile materials by using specific enzymes – an ecological alternative to the classical treatment.

Eng. Ileana Iorga, Eng. Alina Popescu

It is well known that the wet textile treatments cause an important and large impact on the environment.

Wet treatment consumes a lot of water, often hundred of liters per kg of product and the waste water from this production will often contains a high load of COD and BOD as well as amounts of chemical compounds harmful to the environment.

The paper presents new pretreatment technologies of 100% cotton fabrics by using specific enzymes, known as biodegradable and having low ecotoxicological implications.

The experiments were focused on:

· desizing / bioscouring in concomitant phase, by using an alkaline enzyme for replacing the classical  desizing and alkaline boiling in 2 phases;

· bioscouring / bleaching in concomitant phase, by using an alkaline enzyme for replacing the classical alkaline boiling and bleaching in 2 steps.

[16]
Biochemical treatment in different stages of flax stem processing

Marek J., Antonov V.

INOTEX, Czech Republic

There are good possibilities for biochemical treatment of flax in different stages of stem processing. Especially biochemical ways of treatment of flax or hemp tows and noils are tested. Machinery needed for wet biochemical processing and following mechanical operations are described. Equipment and methods for evaluation of final effect of these processes are also mentioned.

Another way of biochemical treatment of flax material is the processing in the stage of dried, mechanically prepared or whole dry stems before retting. Aim of this treatment is replacement of disadventageous and long-lasting dew-retting of flax. Mechanical opening and cleaning are in these cases necessary. Example of fibre opener and cleaner is shown. 

The third, but not last possibility is an enzymatic processing of flax rovings focused on a special poster.

[17]
Spinnability and final properties of enzymatically treated flax rovings

Antonov V., Marek J. – INOTEX, Czech Republic

Polach A., Martinec M. – MORAVOLEN HOLDING, Czech Republic

Great effort is now devoted to spinnability improvement of flax rovings using enzymes. Enzymatic steps should replace caustic or soda ash scouring during chemical processing of flax roving before wet spinning. Enzymes used for this purpose have to comply with several criteria. The first is fibre glue substances (e.g. lignin) content reduction. Optimum chemical damage of fibre seems to be the second task of enzymes. Effects of different enzymatic agents are compared. Different lignin content and fibre fineness are decisive parameters for the choice of enzymatic treatment of Czech and Belgium flax which are both used for these tests. A lot of analytical data and mechanical properties of enzymatically and conventionally treated flax rovings are presented.

[18]
Treament of flax/linen fibres and fabrics with monocomponent purified Trichoderma reesei cellulases

Miettinen-Oinonen, A.1, Puolakka, A.2, Pere, J.1, Nousiainen, P.2 and Buchert, J.1

1 VTT Biotechnology, P.O.Box 1500, 02044 VTT, Finland, email: arja.miettinen-oinonen@vtt.fi

2 Fibre Materials Science, Tampere University of Technology,  Tampere, Finland

The dew- and enzyme-retted hackled flax fibres and linen fabric made from the dew-retted fibre were treated with purified Trichoderma reesei monocomponent cellulases cellobiohydrolase I & II (CBHI & CBHII) and endoglucanases I&II (EGI & EGII). The enzyme effects were evaluated by analyzing the chemical composition of the treatment solution and by determining technical properties of the fibres and fabric. Results on hydrolysis degree, bending, pilling and tensile strength are presented. EGII improved the bending of the enzyme-retted flax fibre, but had no clear effect on the dew-retted flax fibres. Endoglucanases improved the pilling properties of the fabric, whereas cellobiohydrolases had only minor effect. Fibre and fabric strength losses were mainly attributed to the endoglucanase activity.

[19]
In-field retting of flax as a standing crop following desiccation with herbicides

RJ Harwood, I Booth and JL Wyatt

Textile Engineering and Manufacture (TEAM) Research Group, Department of Textile Design & Production, De Montfort University, Leicester, LE1 9BH, UK

Research co-ordinated by De Montfort University over the last four years has been focused upon the direct production of "cottonised" flax for use in the production of yarns for fine woven apparel fabrics. The agronomic investigations have targeted even retting and improved crop reliability. The target retted quality would be such that simple mechanical processing would allow the elemental "ultimate" fibres to be extracted from the retted straw. At the same time it is necessary to maintain adequate fibre strength and minimise the need for bleaching. This presentation reports progress made towards the goals. 

Two varieties of flax (Laura and Escalina) were sprayed with contact and translocating herbicides at a range of stages of plant maturity from mid-point flowering onwards and allowed to desiccate and ret as a standing crop. When fully retted the crops were mown and baled. 

Desiccation was followed by comparison with colour standards which were related to moisture content of the straw. The extent of retting was graded on a subjective 5-point scale where grade 1 was un-retted, grades 2 to 3 were adjudged to be under-retted,  grade 4 was fully retted; grade 5 was allocated to all levels of over-retting. 

Mechanical processing comprised four stages: decortication, cleaning, carding and a final stretch-breaking stage.

The latest small-plot (12 x 24 m) trials have yielded fibre which has all of the desirable attributes with improved control of the retting process and reduced vunerability to rainfall at harvesting. In the current season replicated 1 ha trials are being cultivated.

The experimental results are reported in detail along with user evaluation. 

[20]
Strength of Cottonized Flax Fiber

Militký j., Bajzík v., Křemenáková d.1)

Dept of Textile Materials, 1) Dept. Of Textile Structures, Technical University of Liberec, Czech Republic
1. Introduction

Bast fibers are very interesting natural material for technical applications now. Especially elementary (cottonized) flax or hemp fibers can be widely used as partial replacement of cotton or as reinforcing material for composites. The main aim is to give basic information about flax and hemp fibers tensile properties. The strength distribution of elementary fibers is described by using of Weibull model. The influence of cottonization conditions on mechanical properties is investigated 

2. BAST FIBERS Strength

The elementary flax and hemp fibers removed from technical ones were tested. The loads at break were measured under standard conditions at sample length 10 mm. The Fibrodyn apparatus (Lenzing) were used. The fiber fineness was measured before testing. Load data were transformed to the relative strength Pi [cN/dtex]. The sample of 100 relative strength values was used for evaluation of the strength distribution. functions and estimate of its parameters. The normal, lognormal, Weibull , exponential and Gamma distributions were compared. As criterion of optimality the P-P graphs, Q-Q graphs were used [2]. In both cases the optimal distribution has been three parameter Weibull one. Corresponding cumulative probability F(P) has the form [3]

F(P) = 1 - exp(-[(P - A)/B]C)

Here A is lower strength limit, B is scale parameter and C is shape parameter. Owing to their special structure the parameters A,B,C were estimated by using of the maximum likelihood (MLE). The MLE estimators a*= (A,B,C) given in table 3 were obtained by the maximization of log likelihood lnL(a) (see [2]). 

Table 3. Parameters of Weibull models 

Fiber
A 

[D]*)
B 

[D] *)
C 

[-]
ln L(a*) 

Flax
0.858
3.89
2.63
-174

Hemp
0.609
4.66
2.57
-195

[D] is equal to [cN/dtex]

3. Mechanical Propertiers of cottonized fibers 

The mechanical properties of cottonized flax fibers obtained from different enzymatically supported cottonization methods (0.02 % of protease-P, 0.02 % of cellulase-C treatment [4]) are given in the table 4. Corresponding variation coefficients in [%] are given in parenthesis. The properties of untreated flax (U) and cottonized hemp are included as well. The same method and apparatus as reported in the chap 4 has been used for data evaluation results are mean values from 100 measurements. 

Table 4. Properties of cottonized fibers

Fiber
Titre

 [dtex]
Strength

[cN/dtex]
Elongation

[%]

Hemp
3.2 (22)
4.75 (36)
3.4 (31)

Flax U
3.1 (25)
4.31 (33)
2.1 (30)

Flax P
3.0 (25)
3.67 (34)
2.3 (31)

Flax C
3.1 (26)
3.72 (32)
2.1 (30)

It is clear that the cottonization supported by enzymatic action leads to drop of tensile strength 

High variation of strength is caused mainly by the geometric variation of individual fibers. This conclusion is supported by the image analysis of fibers cross sectional area and distribution of bundles of elementary fibers in the cottonized materials [5]. 
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[21]
Quality control as a “corner-stone” problem in flax production in russia

Igor Uschapovsky

Russian Research Institute for Flax Engineering (VNIPTIML), Tver, Russia

Old traditions for flax cultivation and processing, suitable soil and climatic conditions for the crop growing on the large area, high production potential in varieties, machines, equipment and well-skill employees as well as new applications of natural fibers are the real base for flax development in Russia. The cultivation area of app. 110 000 ha has been kept during last years. Average yield of fiber is above 550 kg/ha. However, quality of fiber is still very difficult problem in the farming and the first processing. Russian research institutes for breeding, harvesting technologies, engineering of agriculture and first processing are carry on projects for improvement of all steps of the flax quality forming.

There are many factors directly and indirectly effect on a quality. 

· Biological factors: genetic characteristics of cultivars, microbiological flora of places for straw retting.

· Climatic factors:  uncontrolled factors, which can be partly prevented with using of different term of planting and peculiarities of microlandscape of the fields.

· Agronomic factors: soil characteristics, mineral fertilizers and chemical agents are controlled factors.

· Technological factors: depends of the aim of growing and processing. 
· Technical-engineering factors: accuracy in the constructions and gentle processes keep the biological potential of the fiber formation in the stem. 
· Managing factors: one of the important factors on the effect on the end product.
Quality of raw material is still continuing be poor on the lack of strength and flexibility in long fiber, and purity and fineness of short fiber. Low homogeneity of fiber is a problem for these both types, also.  

The united economic managing in the chain from field to end product leads to promote the quality characteristics on the each step of the fiber production. Quality control on each step should be done with technical equipment and scale of standards. Organoleptical   methods are good one, but it should lot of high expired experts, but technical equipment does the process more technological. 

Traditional equipment which are used in Russian farms and flax mills should be add of new one, based on new technologies of optical, low radiation and other types of spectroscopy, as well as of chemical express methods.  Cooperation Russian institutes with research centers from flax growing and processing countries will raise a management of quality control in Russia and will promote the creation of the unified international system of a quality measurement. 

[22]
The investigation of long fibre quality of various fibre flax varieties
Zofija JANKAUSKIENE, Kestutis BACELIS

Upyte Research Station of LIA

The main task when creating new fibre flax varieties is to achieve higher fibre quantity and quality as much as it is possible, because they are main characteristics of the variety. The methods which we are following for fibre evaluation are elaborated by Russian scientists from Fibre Plant Institute (ЦНИИЛВ) in 1961. For the moment we are able to access flax fibre flexibility, strength and thinness, but the methods are very long in time and laboured, all the equipment is very old and need to be renovated, but it is not in produce any more. So it is necessary to know more about new methods, equipment for flax fibre’s quality evaluation. 

Nice possibility to learn about more modern equipment for the evaluation of flax fibre quality was given by COST Action 847 conducting STSM in INF, Poland. 

Few flax fibre samples of various varieties, grown for testing in different locations of Lithuania, were prepared for quality evaluation. Part of the samples was left at home to make fibre evaluation by common old methods (fibre flexibility – by implement G-2, fibre strength – by dynamometer DKV-60, thinness – following special methodology) and part of the samples was analysed in ITL (Poznan) using new modern methods and equipment (Automatic Tensile Tester – STATIMAT ME  [Textechno]; Air Flow Electronic Fibre Fineness Meter WIRA; FIBRE IMAGE ANALYSIS – Computer Professional System).

The force to break fibres (in N), variation coefficient of it (in %) and calculated fibre tenacity (in centinewtons, divided by texses) will be presented in the tables.

When comparing the fibre tenacity data of varieties grown in Upyte, we found that the highest tenacity had fibre obtained from ‘Belinka’, ‘Baltučiai’, ‘01057-12, ‘1864-24’ (47,2-48,7 cN/Tex).

When comparing fibre tenacity data of the same varieties grown in different locations of Lithuania, fibre quality depended on location (soil and meteorological conditions). In Pasvalys the highest fibre tenacity has ‘Kastyčiai’ and in Plunge – ‘Baltučiai’. Tenacity data of the rest varieties (except ‘Evelin’ and ‘Kastyčiai’) were similar.

When evaluating fibre tenacity (strength) by different methods, obtained data were different. By the method common for fibre evaluating in Upyte, the highest fibre strength had ‘Baltučiai’, ‘Evelin’, ‘Kastyčiai’, and by the method in INF - the highest tenacity had fibre of ‘Belinka, ‘Kastyčiai’ and ‘Baltučiai’.

Tested fibre samples hadn’t high quality, because the meteorological conditions were unfavourable in 2001, especially at second part of vegetation. A lot of precipitation lodged flax. 

The highest fibre fineness had ‘Belinka’ and ‘Baltučiai’, when comparing between varieties grown in Upyte, and ‘Baltučiai’, when compare between various varieties grown in Pasvalys and Plunge. The thickest fibre in Upyte was obtained from ‘Ariane’ and ‘1864-24’, and in Pasvalys and Plunge – from ‘Evelin’, ‘Viola’ and ‘Marylin’

‘Baltučiai’ and ‘Belinka’ had the best fineness when comparing two methods of evaluation (in URS and in INF). Also the thickest fibre was established for the same varieties (‘Evelin’, ‘Marylin’, ‘Viola’) by both methods. Thus, it would be useful to introduce Air Flow Electronic Fibre Fineness Meter WIRA method for fibre fineness evaluation in Upyte, seeking to use more modern and efficient, labour-saving methods for fibre evaluating.

That the fibre had not the highest fineness was confirmed by analysing fibre cross-sections. The diameter of single fibres was 18-21 μm. According to the knowledge of Polish scientists, the best fibre diameter is 15 μm.

[23]
Spectroscopy applied in enzymatic treatment
Prof. Assistant Dr. Eng. Mircea Sorin Bucur1, Prof Dr. Eng. Michaela Dina Stanescu1, Prof. Dr. Rudolf Kessler2, W. Kessler2, M. Kimmig2, O. Maute2
1 - University "Aurel Vlaicu” Arad, Romania

2 - University of Applied Science, Reutlingen, Germany
The work is an application of different spectroscopy analysis technique on enzymatic treatment with cellulose and proteases on cellulose fibres and wool fibres.

The studies of enzyme treatments were done both on a model as substrate and on the real substrate in order to find the influence of the fibres morphology and of entire system in the case of biphasic system.

Enzymatique treatments were controled by mean of regular UV/VIS/NIR and IR spectroscopy and the reactions were followed continuously by mean of UV-VIS and IR on-line spectroscopy. 

Using of design experimental program we could find the optimum parameters of reactions, namely, enzyme concentration, temperature and pH, as well as their influence on reaction rate.

The results of biomimetic experiments were applied for enzymatic treatments on textile materials. 

The reaction spectrums gave a lot of information about the species involved in reaction and about the kinetic of total and partial reactions.

[24]
Deszing of cotton fabric with anaerobic microbial cultures: Measurement of enzyme activities

Heiko Feitkenhauer, Daniel Fischer, Ulrich Meyer

Laboratory of Chemical Engineering and Industrial Chemistry,

ETH-Zürich, Hönggerberg HCI, CH-8093 Zürich, Switzerland

Introduction

The goal of this process is to replace auxiliaries in desizing process by a mixed microbial culture and to combine production (desizing) and wastewater treatment in one process. In short, an anaerobic, acidifying culture cleaves the biopolymers sticking to the fabric (like starch used as sizing agent) and dissolves them. For this action extracellular enzymes are required (and released by the mixed culture). The activity of these enzymes are measured and characterized in this communication. This data are the basis for the process design of microbial desizing plants. In the proposed process, microorganisms convert the produced sugars to volatile fatty acids in the same bioreactor. In a second bioreactor, these intermediates are converted into biogas and the process water recycled into the de-sizing bioreactor (operation in a closed the water loop).

Materials and Methods

Enzyme activities in culture supernatants are measured by monitoring the release of reducing sugars from starch, modified starch and compounds produced from starch. Furthermore, a method based on the iodine starch test was used. A mixed microbial culture was derived from an anaerobic digestion plant of a Swiss brewery. The culture was cultivated in a 2 liter bioreactor at 37°C. When necessary, remaining intermediates from starch degradation were removed by a kind of membrane filtration (cut-off 10 kDa) before the enzyme activity test.

Results

The enzyme activity was stable in a broad parameter range: In the pH test, high activity was found in the range from pH 4 to pH 7, and only slightly reduced activity at pH 3. However, at high pH values (> pH 8) the activity dropped rapidly. The culture was cultivated at 37°C, but high activities were also determined at 20 and 80°C. However, the half time of the supernatant was reduced to a few hours above 60°C, while it was stable for days at 4°C. Furthermore, the influence of potential inhibiting substances like surfactants is investigated and a broad range of substrates tested for enzyme activity on these substrates.

References (Fundamentals to the current work)
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Spectroscopic Imaging of Bastfiber Cross Sections and Near Field Spectroscopy

R. W. Kessler and E. Ostertag

Institut für Angewandte Forschung, Reutlingen University, Dept. Process Analysis,

FH Reutlingen, Alteburgstr. 150, 72762 Reutlingen, Germany

High collection efficiency achieved simultaneously with high spatial resolution in Spectroscopy and Microscopy is extremely useful for the detection and imaging of nanostructures in material science (e.g. nanotechnology) and biological substrates (e.g. proteomics). 

Fluorescence excitation and emission spectra with a lateral resolution in the range of 1 to 10 (m as well as Raman spectroscopy in the microdomain is known for several years. IR-Imaging, altough limited in resolution, is important to identify the local chemical composition in a plant. Some examples will be given and the advantages and disadvantages of the techniques will be discussed.

In recent years, Scanning Probe Microscopy (SPM) has been used for high resolution imaging of living cells („Phase Mode AFM Imaging“). Using a Solid Immersion Lens (SIL) in combination with an Atomic Force Microscope allows to picture optical variations in biological materials (SNOM: Scanning Near Field Optical Microscopy). The resolution of the SNOM image is determined by the size of the aperture and typically 50 – 100 nm2. Although light can not pass pass through such an aperture (far field diffraction limit), however an evanescent field, the optical near field protrudes through. 

We have integrated a SPM attached with a SIL cantilever into a microspectralfluorimeter from Zeiss and a confocal Ramanmicroscope from Renishaw. The SIL scans in close proximity over the surface of the sample thus causing a disturbance of the optical field which leads to the emission of light opposite to the aperture. The limitation in sensitivity is the collection efficiency of the immersion lens which depends mainly on the refractive indices of the materials. As excitation source, generally a laser or the monochromatic light of a Xenonlamp is used. The intensity is limited to the sensitivity of the biological material. Diffusion of photons through the opaque sample reduces the lateral resolution of the scanning probe which can be theoretically as small as 20nm. 

Examples of investigations of flax and hemp crosssections will be given and the potential of the method will be demonstrated.

[26]
Evolution of Lignin, Cellulose and Hemicellulose/Pectin in a hemp plant during growth by IR spectroscopy and multivariate curve resolution (MCR)

R. W. Kessler and K. Hegerhorst

Institut für Angewandte Forschung, Reutlingen University, Dept. Process Analysis,

FH Reutlingen, Alteburgstr. 150, 72762 Reutlingen, Germany

W. Kessler

Steinbeis Technology Transfer Centre for Process Control and Data Analysis

Herderstr. 47, 72762 Reutlingen, Germany

When native cellulose samples, like hemp and flax, are analysed by IR spectroscopy the resulting spectra are a mixture of the components cellulose, hemicellulose, lignin, pectin etc. The interpretation of these spectra is difficult due to overlapping absorption peaks. The application of multivariate curve resolution (MCR) leads to a separation and identification of the pure components in the cellulose IR spectra. Looking at the different components during plant growth allows the description of the chemical changes within the plant during its development.

The investigated samples are core and bast tissues from hemp plants harvested at different days after sowing. The complete IR spectra are separated into several wavelength ranges, which show absorption bands for the interesting structures and which can be attributed to certain chemical compounds.

Looking at the fingerprint region (650 – 1500 cm-1) the MCR reveals three different components for the core tissues, which can clearly be attributed to hemicellulose, cellulose and lignin. The concentration profiles of these components give information about the changing of the components during fibre development. Younger hemp samples between 20 and 60 days after sowing show an increase in their relative hemicellulose content while the relative cellulose content of the plant decreases. After approx. 60 days after sowing the cellulose and hemicellulose content stays constant. The relative lignin content is very low from the beginning and increases slightly during plant growth depending on the location within the plant.

Bast tissues show the same behaviour for cellulose and hemicellulose during growth, but here the lignin content is even lower.

By means of MCR it is possible to extract fundamental IR spectra of complex compounds and therewith provide true spectra of the compounds in the natural matrix and not spectra which are denatured during mechanical or chemical extraction.

[27]
Objective Classification Scheme for Flax Fiber Raw Materials and on-line Control

R. W. Kessler, M. Schanbacher, A. Maury, M. Kimmig, O. Maute

Institut für Angewandte Forschung, Dept. Process Analysis Reutlingen University, FH Reutlingen Alteburgstrasse 150, 72762 Reutlingen, Germany

W. Kessler

Steinbeis Technology Transfer Center for Process Control and Data Analysis Herderstrasse 47, 72762 Reutlingen, Germany

The assessment of the raw material quality is still one of the most important restrictions for a broader industrial application of bast fibres. We have conducted several round robin tests to assess fibre quality by standard methods with little success. This is mainly due to a high variability during growth, retting, and mixing but also due to a decisive change of the morphology and chemistry of the samples during mechanical and chemical processing. 

A statistical evaluation of the data suggest that due to a high coefficient of variation of the material (more than 30 %), representative sampling is the bottle neck for a sound and reliable qualification. Too little samples and less repeated measurements cause low reliability and comparison of data. Thus, on-line quality control may solve this problem as could be shown during the past ten years. Spectroscopic methods are ideally suited to classify all morphological and chemical variations within a sample. On-line spectrometer allow the characterisation of biobased materials even in a moving conveyor belt or at line. 

In the past, we have processed a few hundred well characterised flax fibre samples from all over the world. In a first step, more than hundred different samples (including some exceptional samples) were selected from this collection and characterised by on-line UV / Vis and NIR spectroscopy. The data were analysed by means of Principal Component Analysis to obtain the orthogonal information of the morphological and chemical variations. In a second step, a set of 22 reference samples was selected to cover the range of an orthogonal experimentally designed space (“multivariate sample selection”). In a third step, the samples were clustered into 5 main groups and three additional groups which represent exceptional samples. In a fourth step, the samples representing the different groups are now described in detail by classical methods like fineness (airflow), fibre fines distribution (image analysis), chemical composition, cleanliness, strength etc. A correlation analysis between the spectroscopic information and the standard features of the fibres allows an objective, fast and non-destructive classification. 

The suggested classes represent now a global model where unknown samples may be categorised. In co-operation with industry, local models will be developed to adjust the classification scheme to individual performance and technical applications. 

[28]
A novel method for evaluating the ease of decortication of bast fibre crops

I Booth, R J Harwood and S A Grishanov

Textile Engineering and Manufacture (TEAM) Research Group, Department of Textile Design & Production, De Montfort University, Leicester, LE1 9BH, UK

Contact: ibooth@dmu.ac.uk

The stems of flax fibre crops were subjected to successive units of decortication work and the shive removed at each decortication was estimated allowing the progress of decortication to be monitored.

Comparative data was collected for stems that had been subjected to different retting regimes; similar data was collected for different varieties of flax (Linum usitatissimum), which had been subjected to the same retting conditions; and the behaviour of stems with different morphological characteristics subjected to the same retting regime was evaluated.

In each case retted stems were decorticated individually. For each experiment a piece of stem 15 cm long was excised from the central portion of the retted stem and 15 replicates were tested.

 The retted straw was placed on an inclined ramp with a ribbed surface (10% incline and 1.5 m long) and a metal roller with a matching ribbed surface was rolled down the ramp and over the straw. A starting position for the roller was marked and a position for the stem sample 50 cm away was identified.  Thus the roller would consistently reach a speed of 0.98 msec-1 before decortication of the straw began. Two alternative rollers of different weights were tested, with the lighter roller providing a more sensitive system. As the roller passed over the straw, the crushing and flexing action separated the shive from the fibres. 

As the shive was liberated from the fibres, it often became entangled and although free, it was reluctant to separate readily. The sample was firmly gripped at its end and subjected to unidirectional airflow for 3 seconds in order to separate the free shive from the fibres.

This process was repeated four times and the weight of the remaining fibre + shive was recorded, the weight of shive removed at each successive decortication was calculated by subtraction. Finally, the sample was hand-cleaned to remove any remaining shive and the final weight of cleaned fibre was recorded and expressed as the % fibre content.

This technique allows the evaluation of different retting regimes and the efficiency of different decortication systems. It allows the comparison of different varieties, and the identification of favourable stem characteristics for improved retting and decortication.

[29]
An investigation into the wet creasing of linen

Sergei Grishanov, and Katarina Paulinyova

TEAM Research Group, De Montfort University, Leicester, LE1 9BH, UK

Contact e-mail: gsa@dmu.ac.uk

The tendency of flax fabrics to crease is known to be an important negative attribute in many end-uses and the user requirement for machine washable products also limits the acceptability of flax in domestic applications. Much work has been undertaken on the creasing of dry fabrics, some of the attributes of wet and dry linen fabrics have been investigated.

This paper focuses upon work carried out at De Montfort University into the factors that affect the creasing of linen in wet conditions, as encountered in normal domestic laundering. A novel laboratory test method, designed to simulate the dynamic forces found in washing machines, is described . Analysis of the results yields regression equation models which relate the degree of creasing to the applied force, temperature and the duration of the application of the force.

The method provides a tool that allows all parameters which affect the degree of creasing of wet flax fabrics to be evaluated. The results of preliminary investigations are reported.

[30]
Measuring of mass uniformity in nonwovens structure using on-line image analysis

A. Majcher, E. Podraza, J.Wojtysiak, M. Wisniewski

Institute for Terotechnology, ul. Pulaskiego 6/10, 26-600 Radom, Poland

tel: (+48) 48 3644241, fax.: (+48)3644760, e-mail: Andrzej.Majcher@itee.radom.pl

The article describes the first stage of work realised within the frames of a programme: „Mass uniformity assessment of nonvowens by digital images processing”. The work area is nonwovens quality assessment through their physical characteristics testing.

The aim of the work was designing of visual system for images on-line capturing and analysis. The real system installed on experimental prototype of carding machine is presented. The system enables for fast assessment of carding cover surface mass uniformity. This mass uniformity is especially important when nonwovens are designed as filters for liquids and gases. It is also important for nonwovens mechanical properties quality. Nonwovens surface mass distribution uniformity, especially after thermal treatment, is determined by quality of carded materials produced on carding machines. Only during this production stage there is a possibility to correct nonwovens mass uniformity parameters. Method for uniformity assessment with the use of image statistical parameters and measurement results for different materials, based on natural and mineral fibres is presented. It features of images high speed capturing and their parameters counting. The method enables for surface mass uniformity assessment, designing of electronic system for controlling of mechanical settings of carding machine, carding technological process optimisation with the aim function presented by uniformity assessment factor. Constrains of this method are also presented.
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Biological Degradation and Structural Changes of Reactive Black 5

A. Plum, G. Braun, A. Rehorek

University of Applied Sciences Cologne1, Department of Chemical Engineering and Plant Design, Betzdorferstrasse 2, D-50679 Cologne, Germany

Reactive Black 5 was first synthesised and patented by Hoechst AG in 1956. With an annual production of 50.000 tons it became the worldwide most used Reactive Azo dye. During its almost 50 year lasting period of worldwide production and use much effort has been spent to study the degradation of its hydrolysis products which could be found in textile finishing wastewater. Several chemical, physico-chemical, physical and biological degradation processes have been tested on Reactive Black 5. Recently published works focus on the chemical structure and ingredients of the commercially available azo dye. Until now there is a lack of information about the pathways of the different degradation processes and the structural changes of Reactive Black 5. The toxicological properties have not yet been thoroughly investigated. A proposed structural pathway of the reductive degradation of Reactive Black 5 is given by Kudlich et al. in 1999 but has not yet been proven.

This study investigates the anaerobic/aerobic degradation of hydrolysed Reactive Black 5 in a biomembrane reactor and shows structural results of the analytical investigations by mass-spectrometry and nuclear magnetic resonance. The results are compared to already published proposed pathways of reduction and degradation.

[32]
Ultrasound Treatment of Azo Dyes and Characterization by LC, IC and LC-MS
Michael Tauber1,2, Mathias Schäfer3, Georg Gübitz2, Astrid Rehorek1
University of Applied Sciences Cologne1, Department of Chemical Engineering and Plant Design, Betzdorferstrasse 2, 50679 Cologne, Germany, Technical University Graz2, Institute for Environmental Biotechnology, Petersgasse 10, 8010 Graz, Austria, University of Cologne3, Institute of Organical Chemistrty, Department of Masspectrometry, Greinstr.4, 50939 Cologne, Germany

Dye house waste water contains large amounts of hydrolysed azo dyes which are bulk chemicals. Azo dyes are cleaved under reductive conditions to potentially carcinogenic aromatic amines. An appropriate and safe waste water treatment including decolorization, degradation and further mineralization without formation of toxic by-products is of tremendous necessity for a sustainable water balance. For that purpose ultrasound was applied. Ultrasound treatment creates cavitations in aqueous solutions. High temperatures of 5000 K and high pressures of 500 bar occur temporarily inside these bubbles. Under these extreme conditions OH bonds of water are cleaved to form hydroxyl radicals which attack azo dyes unspecifically. The decolorization of azo dyes and formation of intermediates was followed by UV-VIS and HPLC-DAD. Ion chromatography was used to detect the formation of acetate, formiate, nitrate, nitrite, oxalate and sulfate ions. Application of LC-MS was used to elucidate the intermediate structures for mechanistical interpretation.

Our findings show that ultrasound is able to mineralize azo dyes to small non-toxic ions and molecules.

[33]
Textile Wastewater Decolorization

Pavel Bartušek

Inotex Ltd., Dvůr Králové n.L. Czech Republic

Organic dyestuffs are typical part of textile wastewater. They are present in two forms: dispersed and dissolved. Elimination of dispersed form doesn’t make bigger problems but efficiency of cleaning technologies to dissolved ones is usually very low especially by using activate sludge treatment process. There have been developed biological treatment technology of decolorization based on combination of anoxic and anaerobic conditions. Laboratory tests results and industrial dimension experiences will be presented.

[34]
Biodegradability improvement of dyes solutions after VUV photolysis

F. Al-Momani(b), E.Touraud(a), J-R Degorce-Dumas(a), O.Thomas(a)

(a) Laboratoire Génie de l’Environnement Industriel, Ecole des Mines d’Alès, 6 avenue de Clavières, 30319 Alès Cédex, France, Tél : (33) 4 66 78 27 12, Fax : (33) 4 66 78 27 01, Mél : evelyne.touraud@ema.fr
(b) Université of Barcelona, Department of Chemical Engineering an Metallurgy, Marti i Franques 1, 08028 Barcelona, Spain

Biological treatment of wastewater is often the most economical alternative when compared with other treatment options. The ability of a compound to undergo biological degradation depends on a variety of factors such as concentration, chemical structure…. The pH medium or the presence of inhibitors can also affect the biological degradation. Textile dyes are considered to be resistant to biodegradation (Chun et al., 1999). The hazardous potentialities of dyes on bacterial strands has been reported (Herrera et al, 2000).

Recently, their has been considerable interest in utilisation of advanced oxidation processes (AOP’s) for destruction of organic compounds (O.Legrini et al, 1993). Integration of chemical and biological treatment processes can be attempted as an economical means for treating biorecalcitrant organic chemical in wastewater. The chemical process would be used as a pre-treatment in order to increase the biodegradability of the wastewater.

This work reports the photolysis using VUV irradiation of textile dyes standard solutions and the effect of VUV light photolysis in the biodegradability of the treated solutions. The following topics are studied : (a) biodegradability of initial and final dye solution, (b) inhibition of oxygen consumption by activated sludge for initial and final dye solution, (c) the effect of two UV irradiation wavelengths (253,7 and 184,6nm).

Three different models textile dyes have been used for this study : Intracron dyes (reactive dyes), Direct dyes and Nylanthrene dyes (acid dyes). Results show that, for 100 mg.L-1 solutions, colour can be eliminated within short time (8 minutes of irradiation) and the biodegradability, measured as BOD5/COD ratio, of the treated solution was increased as shown in Figure 1.
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Figure 1 : Biodegradabilty measurements before (in red) and after (in green) VUV photolysis for standard dyes solutions (100 mg.L-1)
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Peculiar behaviour of cationic modified starches in water-soluble dye removal

Dalia Sableviciene, Rima Klimaviciute, Algirdas Zemaitaitis, Rima Zemaitaitiene

Kaunas University of Technology, Department of Organic Technology,
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Textile plants, particularly those involved in finishing processes, are the source of considerable pollution by intensely-coloured wastes. The removal of colour is often the most important and permanent problem. Traditional biological treatment is not effective, and precipitation processes have to be taken as a measure for decolourising of the wastes. On the other hand, coagulation-flocculation of the most popular in textile industry water-soluble dyes is especially difficult. Common polyacrylamide flocculants have a little effect, the better performance is shown by polyquaternary ammonium salts, characterised by the high density of cationic charges in their macromolecules. But their high solubility often results in a sudden restabilisation of dye solutions if regents are overdosed. As a rule, polyquaternary ammonium salts act efficiently in the narrowly restricted range of their concentrations, depending on the dye structure, pH and other factors involved. Such an imperfection of chemical treatment technologies could be possibly reduced by using modified starch flocculants.

Our work was aimed to investigate possibilities to apply modified polysaccharides for effluent treatment and to compare the flocculating efficiency of various cationised starches in removal of water-soluble dyes from their solutions. 

Cationised products have been prepared by treatment of native potato starch and soluble activated starch. Their cationisation have been carried out by alkylation with glycidyl trimethylammonium chloride in presence of alkali up to degree of substitution (DS) 0.9 and by formation of  the interpolymer complex with polydiallyldimethylammonium chloride.

All cationic starches exhibited sufficient effectiveness in acid and reactive dyes removal. The best performer was the flocculant with covalently bound quaternary ammonium groups (DS=0.83) prepared on a basis of the native potato starch. An amount of precipitated C.I.Acid blue 78 dye increased with the increasing concentration of that starch derivative (up to the 0.6 g of the flocculant to 1 g of the initial dye) and then reached the plateau level. No restabilisation occurred with its overdosing. After the treatment, only 7–10% of the dye remained in the solutions.

Because of these results, some influencing parameters, such as solubility of the flocculant in water, preferable localisation of cationic groups, and their accessibility, were investigated by polyelectrolyte titration, fluorescence measurement, and other techniques.

Other advantages of the cationic starches usage (reduction in further chemical loading of the waste stream, sustainable solution of sludge disposal due to easier destruction of the organic matter, shortening of the time period needed for biological organisms to be acclimated) are based on the higher degradability of the polysaccharide derivatives if compared with that of the synthetic ones.

[36]
Performance of a methanogenic  UASB  reactor on treating textile dyes

R. Brás1, A. Gomes1, M.I. Ferra1, H. Pinheiro2 and I. C. Gonçalves1
1University of Beira Interior, Chemical Department, R. Marquês D’Avila e Bolama, 6200 - Covilhã, Portugal

2Centre of Biological and Chemistry Engineering, Instituto Superior Técnico, Av. Rovisco Pais – 1049-001 Lisbon, Portugal
Keywords: Azo dyes, methanogenesis, colour removal, UASB

The objective of the present work is to evaluate the behaviour of a methanogenic lab-scale Upflow Anaerobic Sludge Blanket (UASB) reactor on treating wool textile dyes. The reactor was operated with hydraulic retention times of 24 and 8 hours. Two dyes were studied in concentrations ranging from 60 to 300 mg/L, a monoazo dye  (C.I. Acid Orange 7 - AO7) and a diazo dye (C.I. Direct Red 254 - DR254), which were supplemented to a base nutrient solution containing acetate as carbon source.

At a hydraulic retention time (HRT) of 24 h, a COD removal higher than 85% was attained (AO7 60 mg/L). As dye concentration increased an increase of COD values in the treated effluent was observed, leading to a decrease of the reactor efficiency (COD removal of 67 % at 300 mg AO7/L). However, according to activity assays performed with methanogenic sludge, the presence of both dyes in concentrations up to 1800 mg/L did not significantly affect the specific methanogenic activity (an average value of 1.3 ( 0.1Lbiogas/gSSV(d was obtained for experiments carried out with both dyes). This value is close to those obtained on tests performed in standard conditions (1.2 ( 0.1 Lbiogas/gSSV(d).  

A decolourisation yield higher than 88% was achieved. Spectral modifications in UV-visible spectra could indicate a biotransformation of dye molecules. The identification, by HPLC analysis, of sulfanilic acid in the treated effluent, one of the anaerobic metabolites, confirms that the decolourisation process was mainly due to the azo bond cleavage, carried out in anaerobic conditions. 

Colour removal decreased more significantly for AO7 (56%) than for DR254 (82%) at a HRT of 8 hours in the UASB. The influence of the dye aggregation process and the chemical structure of the dye molecule are discussed in the present work in order to understand the UASB performance on azo dyes degradation.

[37]
Development of a continuous bioprocess with bacterial immobilised on different material supports for decolourisation of textile effluent

Thuy Do*, Jingson Shen*, Gordon Cawood( and Richard Jenkins(
*Textile Engineering and Manufacture Research Group and (Department of Biological Sciences, De Montfort University, The Gateway, Leicester, LE1 9BH, UK (Quantum Clothing Ltd Stevensons, Derby, UK

A mixed culture of pseudomonads capable of degrading azo and other dyes was used to develop a continuous bioprocess system for treatment of textile effluent from the dyehouse. Bacterial was immobilised on the different type of supporting material in a laboratory-scale continuous bioreactor. The effect of processing parameters on the efficiency of colour removal from dyehouse effluent streams and simulated dye effluents was investigated. From the experiments, it was found that supporting material for bacterial immobilisation and certain amount of nutrients are important to maintain the level of bacterial in the continuous process. With the addition of a co-substrate such as hydrolysed starch the biomass was maintained for high level of decolourisation through a 12-day continuous culture. Results show potentials for improvement of an existing industrial effluent treatment plant for removal of colour through the introduction of an immobilisation support for bacteria and addition of nutrients to support biomass growth in the biological treatment tank.

[38]
Biotechnologies in Romania: present and future

Dr.Eng. Emilia Visileanu, Eng. Ileana Iorga

The 21th century is defined as the century of the conquests and discoveries of the secrets of the cell and its components, that is the century of "The Cellular Biology and of the unchaining of its energies".

The power of the biotechnologies of the 21th will be based on both using the existing organisms and creating new vegetable and animal organisms, by means of genetical and biocellular technics such as:

- cloning

- gene transfer organisms genetically modified (OMG)

- genome optimisation 

The genetical inducing of some characters regarding a better use of the natural and cosmical resources: 

- the establishing of a larger quantity of light

- the establishing of a larger CO2 quantity 

- the establishing of a larger nitrogen quantity 

The forming of some microrganisms and also of some depolluting vegetable organisms:

- hard metal consumer;

- different salt and organical material consumer;

- bioconversion;

Therefore, the 21th century can be considered as the one of promoting, in the first place,

the biotechnologies, information and telecommunications, in comparison with other sciences.

For the next and remote future, one expects biotechnologies represent a solution for most of the problems mankind is dealing with: polution, lack of food, demographic growth, etc.

It is expected that, after the year of 2025, the evolution of biotechnologies surpasses, from the economical and social point of view, informatics and telecommunications. For example, from the point of view of the value, it is considered that worldwide market of bioproducts obtained from biotechnologies, gains over than 100 billion dollars, only 10 years.

The paper "Commercial biotechnology" (OTA Report, USA Congress, 1983) states that this scientific and technological field has the power to change the industrial community of the 21th century due to its potential to produce unlimited quantities of:

- products which have not been available so far;

- currently reduced offer products;

- products substantially cheaper than those obtained by preparation methods that are still

used;

- products healthier than those available so far( taking into account the validity of this 

statement for foodstuff obtained from genetically modified organisms, also named 

foodstuff containing OMG);

- products obtained from regenerable raw materials, in larger quantities and less expensive 

than those used frequently.

The main fields that benefit by the results obtained in biotechnology are: Medecine, Agriculture (vegetable and animal production), Industry, environment preservation, epuration, detoxification applications, Energetical industry (bioenergetics).

Biotechnology and textile and leather industry

In the textile industry, the using of the enzymathic technologies knows an important development, because it presents a series of ecological and economical advantages together with the qualitative effects induced to the treated textile support.

At the same time, the using of the biologicals in the chemical textile processing is still limited in our country only on some operations such as: desizing of the fabrics sized with starch,

flax and hemp retting.

The objectives of the textile biotechnologies are:

- the defining of the application enzymathic products depending on the action specificity;

- preliminary preparation of cotton with pectinases and the improving of the aspect and 

handle of this type of fibers by enzymathic methods;

- antifelting, bioemollescence, bibleaching, the growing of the color capacity of the wool 

materials by the action of some proteses;

- the enzymathic aided removing of raw wool impurities;

- comparative analysis of water wastes content of the classical processes and enzymathic

methods.

As a conclusion, the predictible tendencies within the domain of biotechnology application in the textile and leather industry are oriented especially to the following directions:

- the reducing of the environment polution;

- the quality improving of the textile and leather materials;

· water wastes bioepuration from these industries.

[39] Evaluating Weavablility in Flax Yarn Using Near Infrared Spectroscopy

Dr. G. Faughey and Prof. S. Sharma

The manufacture of linen fabrics in N. Ireland depends on maintaining target quality whilst maximising weaving efficiency.  Problems often arise due to loom stoppages, which, are brought about by breaks in the warp yarns.    For years researchers have attempted to bring about a full understanding of the mechanisms responsible.   It is well recognised that the weaving properties of flax yarn are affected not just by strength but also by variations in yarn diameter (regularity), freedom from knots of entangled fibres (neps) and the presence of thin spots on the yarn surface (thin spots). 

This investigation describes an attempt to construct relationships between yarn regularity parameters taken from a range of flax yarns and near infrared spectroscopy (NIRS) using partial least squares (PLS) regression analyses.  Calibrations with regularity of thin spots (r2 0.87), nep counts r2 0.82), coefficient of variation in mass (r2 0.81) and weaving breaks (r2 0.80) have all been produced. Using the correlation between NIRS and weaving breaks a prediction equation for evaluating weaving performance has been validated using a blind set of linen yarn.
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