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Abstract

The future demand for more sustainable processes can be seen as driving force for new strategies, which could bring a revival of natural dyes in textile dyeing however the costs of such dyes have to be lowered considerably. During a screening study the potential of renewable plant material for textile dyeing operations was evaluated. As the production of natural dyes by direct farming results in considerably high specific costs per kg of plant material respectively per kg of dyed material, new strategies are required to establish a concept which is technically acceptable at commercially competitive costs.

Keywords: Natural dyes, Renewable resources, Textile dyeing. (Less than 5 keywords)
1. Introduction

In 2005 the total production of textile fibres reached a volume of 68.6 million tons [1]. Up to the end of the 19th century natural dyes were the main colorants available for textile dyeing procedures. The development of synthetic dyes at the beginning of the 20th century brought a dramatic change, due to the brilliant colours and high fastness of synthetic dyes, which could be achieved even at lower costs [2].
While properties and application of synthetic dyes continuously improved, the position of natural dyes remained more or less unchanged and as a result a considerable gap exists, which separates traditional knowledge about natural dyes from the demands of commercial dyeing processes.

Marketing studies in Europe (Austria) indicate a certain potential for re-introduction of natural dyes into commercial products as so-called niche products [3-4]. In particular the aspects of sustainability using dyes basing on renewable resources is of growing public interest.

...

2. Experimental
2.1. Costs of plant material
A distinct difficulty to be overcome arises for the high costs of plant material used for the dyeing processes. In detailed studies colour strength of the different material available was determined [5]. Based on a ratio of 1 kg plant material extracted for 1 kg textiles to be dyed an average value for colour depth corresponding to 2-3 % o.w. synthetic dye was found. 

...

2.2. Standardisation

In any case standardisation of the material is required to supply the dye-houses with raw material of defined quality with regard to shade and dolour depth.
Standardisation has to cover at least the following aspects:

- reproducibility of shade and colour depth

- humidity content/storage criteria

- physical properties of solid plant material (grinding, dust content)

Formation of dyestuff extracts in liquid or solid form, similar to commercial synthetic dyes, has to be considered carefully with regard to consumption of chemicals/solvents and energy for reconcentration of the diluted extracts.

Calculations showed that an extraction of the plant material immediately before the dyeing step and the use of the hot extract as a dyebath permits maximum savings in energy because heat energy can be used for the dyeing process.

As a result the standardisation step should be done on the stage of the plant material. Dependent on the type of plant material possible methods could be:

- laboratory dyeings to check and adjust product quality.

- chemical analysis of the extractable material (e.g. analysis of anthocyanes, photometry of the extract, analysis of total phenolic components in extract).

Table 1. Aspects which define to evaluate the position of a natural dyestuff
	Growth - Farming and Equipment

	1. Simple farming procedures (standard equipment, easy accessible sources e.g. forestry, food industry)

	2. Low consumption of energy, fertiliser, chemicals, during farming, handling transport and storage

	Supply - Dyestuff preparation and Standardisation

	3. Easy handling of plant matter 

	4. High dyestuff content in plant material

	5. Standardised raw products


2.3. Dyeing pocedure

To make introduction of natural dyes into technical textile dyehouses more simple, a common dyeing procedure was developed and plant selection was performed with regard to this meta-mordanting process. Instead of use of several baths (separate mordanting, dyeing) a one-step dyeing procedure was applied. The dyeing and extraction follows the general experimental procedure:

A weighted amount of dry plant material was extracted with distilled water in a beaker. In the standard procedure the ratio mass of plant material:volume of liquid was 1:20; extraction was performed for approx. 60 min. at 95°C in an open stainless steel beaker. Due to the rather long liquor ratio some manual stirring was sufficient to distribute the plant material in the liquid during the extraction period. Volume loss due to evaporation was compensated by addition of water at the end of the extraction period to obtain the initial volume. 

...
2.4. Fastness properties

The wet-fastness was determined according DIN 54006, which is similar to AATCC107-1997. After thorough wetting in distilled water, samples were treated for 4 hours at 37°C. After drying change in colour of the sample (Wet-fastness colour) and bleeding to white cotton fabric were determined (wet-fastness bleeding). The changes were related to the standard grey scale (marks 1-5, 1 = poor, 5 = excellent). 

[image: image1.wmf]0

20

40

60

80

100

120

140

160

180

200

220

start dyeing



95°C

extraction of plant 

material

60°C

rinse



addition mordant

100°C

60°C

20°C

95°C

Temp. / °C

time / min


Figure 1. Time-temperature scheme of extraction and dyeing procedure.
3. Results and disscution
Examples given in Table 2 and in literature demonstrate, that substantial future potential can be expected for a successful introduction of natural dyes into full scale dyeing processes.

Dependent on materials used, fastness properties differ, however the set levels of 2-3 for light fastness and 3-4 for water fastness can be reached by a number of dyeings.

…
4. Conclusion

The need for a suited blue natural dye and the demand for process to obtain black colours remain as problems to be solved in the future by scientific activities. 

…
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