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1. Introduction and context of this deliverable
The present document is produced in the framework of the MIDWOR-LIFE project
(LIFE14ENV/ES/000670), with the objective to provide exchange of information pursuant to
Article 13 of IED (Industrial Emissions Directive) 2010/75/UE, about the key results of the
project that could be part of the discussion in the next review of the Reference Document on
Best Available Techniques (BREF) for the Textiles Industry (TXT).
The recommendations outlined here are intended to serve as technical support based on real
manufacture of textiles with two combined technical properties (water and oil repellents).
Then, all the data provided have been collected during the pilot scale trials and the subsequent
assessments performed during the project.
Objectives and Results obtained from MIDWOR-LIFE project
The main objective of MIDWOR-LIFE-LIFE project is to mitigate the environmental, health and
safety impacts of current Durable Water and Oil Repellents (DWOR) and their alternatives,
used in the textile industry.
 Evaluate the environmental impact of DWORs and their alternatives
 Evaluate the risks posed to human and environmental health
 Technical performance comparison between current and alternative DWORs.

Proposal to update the TXT BREF

Figure 1. Overview of MIDWOR-LIFE project
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Chemicals involved in DWOR applications
Different products have been selected in the first actions of the project; the selection was
made taking into account their chemistry (long chain C8, short chain C6, hybrid silicones and
perfluoropolymers, silicones…). At laboratory level two conventional C8 products and ten
alternative products were tested. But at industrial scale, only one conventional product and
seven alternatives were used due to the interest of the companies. Table 1 shows the finishing
products used, including type and chemical structure.
Table 1. DWOR used at industrial scale. Type of DWOR and chemical structure.

Type DWOR
C8
C6
PFSi
Silicone
Paraffin
Dendrimer

Chemical structure
Perfluorinated acrylate copolymer
Perfluorinated acrylate copolymer
Perfluorinated silicones
Silicone emulsion (FC-free)
Dispersion of waxes and paraffin (FC-free)
Hyper branched polymers (FC-free)

Textile industries involved in industrial trials
Six pilot trials have been performed in six textile industries from three different countries.
During the trials, all the chemicals listed above (Table 1) have been tested over six kinds of
fabrics in total:
 Czech Republic:
 InoTex: Non-woven PES for car carpet (automovile) + C8, C6, silicone and paraffin
as FC-free products
 Nanomembrane: Woven PES for sofa (upholstery) + C8 and PFSi
 Italy:
 Biella Manifatture Tessili: Fashion Wool Fabric (fashion) + C6 and dendrimer as
FC-free product
 Tintoria Finissaggio 2000: Woven WO for suits (fashion) + C6
 Spain:
 Hidrocolor: Knitted PES for polo (work) + C8, PFSi and dendrimer as FC-free
product
 E.Cima: Knitted PES for T-shirts (sport) + C8 and PFSi
Technologies used
The implementation of trials has been based on the existing technologies applied at the
industries involved, and in accordance with the textiles selection, which was based on the
results of a previous survey made to the textile industries. Padding technology is used in all the
trials, during which four steps of the textile finishing have been tested: bath formulation,
application, drying and curing; each process had its particular conditions.
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Assessment of fabrics treated with DWOR
To characterize the fabrics treated at technical level, the following tests have been performed:





AATCC 22 and ISO 4920: Water repellency –Spray test
AATCC 118 and ISO 14419: Oil repellency – Hydrocarbon resistance test
AATCC 193 and ISO 23232: Aqueous liquid repellency – Water/Alcohol Solution
Resistance Test
Ageing tests: UNE EN ISO 6330: washing; UNE EN ISO3175-2: dry cleaning; and handironing at 150ºC. After these tests, characterization of water and oil repellence has
been done again.

The environmental, health and risk assessments have been carried out taking into account the
values obtained during all the industrial trials.

2. Current BREF for the Textiles Industry (TXT BREF)
Overall content
TXT BREF is the reference document on Best Available Techniques (BAT) for the Textiles
Industry and it covers the industrial activities mentioned in the section 6.2 of Annex I of the
Industrial Emissions Directive (IED, Directive 2010/75/EU on industrial emissions), namely:
“Pre-treatment (operations such as washing, bleaching, and mercerization) or dyeing of textile
fibres or textiles where the treatment capacity exceeds 10 tonnes per day”.
As specified in the TXT BREF, the textile chain begins with the production or harvest of raw
fibre, and the so-called “finishing processes” (i.e. pre-treatment, dyeing, printing, finishing and
coating, including washing and drying) represent the core of the applied processes and
techniques described in it. Therefore, the studies carried out in the MIDWOR-LIFE-LIFE project
directly impact to the finishing treatments described in the document. The current version of
the TXT BREF is from 2003 and is currently on review process, for which some of the project
results could be relevant to be taken into account. The competent body for the TXT BREF is the
EU IPPC Bureau, part of the European Commission's Joint Research Centre (JRC).
Concerning the overall impacts of the textile industry, the main environmental concern is
focused on the amount of water discharged and the chemical load it carries. In this 2003
version, in the continuous finishing process washing is not considered necessary after curing,
and consequently water emissions are restricted to the system losses and to the water used to
clean the equipment. Too often these liquors are drained and mixed with other effluents and
the ingredients of the finishing formulations are non-biodegradable, non-bioeliminable and
sometimes also toxic. In drying and curing operations, air emissions are associated with the
volatility of the ingredients of the formulation.
In the determination of BAT, many techniques are considered in regard to a general finishing
process, but further techniques are identified as general BAT applicable to all types of textile
operations, and classified in the following groups of techniques: general management, dosing
and dispensing of chemicals, selection and use of chemicals, selection of incoming fibre raw
material, water and energy management and waste streams management. Here is the list of
BAT for general finishing:


To minimize residual liquor by:
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 using minimal application techniques (e.g. foam application, spraying) or
reducing volume of padding devices
 re-using padding liquors if quality is not affected
To minimize energy consumption in stenter frames by:
 using mechanical dewatering equipment to reduce water content of the
incoming fabric
 optimizing exhaust airflow through the oven, automatically maintaining
exhaust humidity between 0.1 and 0.15 kg water/kg dry air, considering the
time taken to reach equilibrium conditions
 installing heat recovery systems
 fitting insulating systems
 ensuring optimal maintenance of the burners in directly heated stenters
To use low air emission optimized recipes.

The current structure of the TXT BREF is the following:
Chapter 1: General information
Chapter 2: Applied processes and techniques
Chapter 3: Emission and consumption levels
Chapter 4: Techniques to consider in the determination of BAT
Chapter 5: Best available techniques
Chapter 6: Emerging techniques
Chapter 7: Concluding remarks
Chapter 8-13: Annexes (Six annexes)
Chapter 14: Advanced oxidation processes (Fenton reaction)
The main recommendations for future work are focused on the need of: a more systematic
collection of data about the current consumption and emission levels and about the
performance of techniques to be considered in the determination of BAT; a more detailed
assessment of the costs and savings associated with techniques to further assist the
determination of BAT; and information about areas that have not been properly covered by
the current TXT BREF due to a lack of information.
It is in this sense in which the MIDWOR-LIFE-LIFE project interacts with TXT BREF, with the
aim of obtaining recommendations that could tackle current gaps about Durable Water and
Oil Repellent substances, existing in the current version.
Relationship with the project scope
During the project, the most representative current DWORs and alternatives were selected, as
well as the most representative textile materials on which DWORs are applied. The selection
was based on direct contact with DWORs producers, literature research on textile finishers,
bibliographic research on repellent finishing's: papers, patents, etc., and a specific
questionnaire sent to companies (finishers, fabric providers and DWOR producers).
The DWORs and textile materials selected were assessed in terms of their technical
performance and their environmental impact from a theoretical perspective, using different
B.6.1. Recommendations for the Textile Sector with BREF review
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bibliographic sources such as chemical databases, data from manufacturers, LCA databases,
and scientific publications related to finishing products for the textile sector.
After these preparatory actions, a pre-industrial application of the selected DWOR and
alternative materials was done at laboratory level, onto 5 textile materials, to determine the
technical characteristics before applying them at industrial level.
With the selected DWOR alternatives, six industrial trials were done at six textile industries
belonging to the clusters of the MIDWOR-LIFE-LIFE partners.
The DWORs alternatives were assessed in terms of risks for human health and environment
when they are used as hydro- and oleo-repellent textile finishing products. During the project,
the environmental impacts of both conventional and alternative DWOR finishing products in
the textile industry were also determined, under the Life Cycle Assessment (LCA) methodology.
In this deliverable, the information gathered from the work done and specifically related to the
use of DWOR alternatives is provided, in terms of potential inputs that could support the
review of the TXT BREF (currently under review process). The JRC has been contacted to ask
about the most useful way in which data could be collected for the BREF review. The
information selected is based on the structure of the BAT candidate template provided by the
JRC, which is in accordance with the criteria listed in Annex III of the IED (Industrial Emissions
Directive) 2010/75/EU:
1. Low-waste technology
2. Less hazardous substances
3. Furthering of recovery and recycling of substances and waste
4. Comparable processes, facilities or methods of operation successfully tried
5. Technological advances and changes in scientific knowledge
6. Nature, effects and volume of the emissions
7. Commissioning dates for new or existing installations
8. Time needed to introduce the BAT
9. Consumption and nature of raw materials and energy efficiency
10. Need to prevent or minimise the overall emissions impact
11. Need to prevent accidents and to minimise the environmental effects
12. Information published by public international organisations
Results of the MIDWOR-LIFE project are focused at point 2 “Less hazardous substances”,
although in general, all points have been taken into account throughout the project.
Finally, the recommendations are outlined in the excel file provided as Annex of this
deliverable, but specific content is compiled across the following chapters.

3. BREF parts susceptible to be modified based on the MIDWOR-LIFE results
The information provided in this document is intended to be used as an input to the
determination of BAT in specific cases.
B.6.1. Recommendations for the Textile Sector with BREF review
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The DWORs studies performed during our project enable us to add information in four
different chapters of the BREF.


The first is in chapter 2, which provides general information on the industrial
sector concerned and on the industrial processes used within the sector. It is at
point 2.9. Finishing (functional finishing) where the finishing processes and their
environmental issues are described. A specific section is included on chemical
finishing treatments, among which water-repellent treatments (hydrophobic
treatments) effectively appear. However, oil repellence treatments are not
included, so some related information could be added into this chapter.



The second is in chapter 4 which describes the techniques to consider in the
determination of BAT. This information includes the consumption and emission
levels considered achievable by using the technique, some idea of the costs and
the cross-media issues associated with the technique, and the extent to which the
technique is applicable to the range of installations requiring IPPC permits, for
example new, existing, large or small installations. Techniques that are generally
seen as obsolete are not included. It is at the point 4.3 Selection/ substitution of
chemicals used, where a new subchapter addressing DWOR products is proposed
to be included.



Third, in the chapter 7 there are some concluding remarks and a specific section is
included explaining about particular gaps encountered during the preparation of
the BREF. This is the chapter 7.4 Recommendations for future work, in which
some of the outcomes of the project could be included in terms of detected need
on further work with specific trials.



Fourth and last, at Annex I textile auxiliaries are included with a particular section
for finishing auxiliaries (chapter 8.8). It includes a point 8.8.5 Hydrophobic/
Oleophobic agents, with a classification of DWOR products per typologies, among
which a new category is proposed to be added.

3.1. Recommendation regarding the Chapter 2: Applied Processes and Techniques:
2.9. Finishing (functional finishing)
In this chapter particular attention is given to chemical finishes because these are processes
with the most significant polluting potential.
The document gives particular attention to chemical finishes due to its most significant
polluting potential. In more than 80% of cases, the finishing liquor is applied by means of
padding techniques resulting in an approximately 70% of pick-up. All the finishing agents
necessary to give the textile material the desired properties are applied in a single bath rather
than in different steps. Washing as final step, tends to be avoided unless absolutely necessary.
Some results of the MIDWOR-LIFE-LIFE Project can be included in the section 2.9.2 Chemical
finishing treatments, where eight kind of repellent treatments are described in separate subchapters:
-

Easy-care treatments
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-

Water-repellent treatments (hydrophobic treatments)
Softening treatments
Flame-retardant treatments
Antistatic treatments
Mothproofing treatments
Bactericidal and fungicidal treatments
Anti-felt treatments

As shown above, oil-repellent treatments are not listed in this chapter, so a new sub-chapter is
proposed to be included:
PROPOSAL OF TEXT TO BE ADDED:
2.9.2.9 Oil-repellent treatments (oleophobic treatments)

Oil-repellent treatments are applied to fabrics for which oil proof is required, on
which oil globules do not spread. This may be obtained by chemical transformation
of the surface of the fibre by addition of polymers that form a cross-linked oilrepellent film (mainly fluorochemical-based repellents).
The characteristics of the substances used as oil-repellents are described in Section
8.8.5.
3.2. Recommendations regarding the Chapter 4: Techniques to consider in the
determination of BAT
In this chapter a water repellent DWR alternative is proposed to be added as a candidate for
emerging technique: the hyper branched polymers, for example the dendrimers.
Particularly in the chapter 4.3 Selection/ substitution of chemicals used, a new subchapter
addressing DWOR products is proposed to be included (4.3.6 Selection of Durable water (DWR)
or water and oil repellents (DWORs)). Among the alternatives used, special attention is
proposed to be provided to non-fluorinated products such as dendrimers.
Here is provided relevant information to be taken into account when assessing the
recommendation (see Annex).

3.2.1 Topic description
Durable water and oil repellents (DWORs) are finishing treatments normally applied to fabrics
to provide protection against water, oil and dirt. DWOR finishes add value to textile products.
In addition to providing protection against water, oil and soil, these finishes also extend the life
of products and keep them looking newer for longer. DWOR technology has historically been
achieved with textile finishes that contain a polymer to which long-chain perfluoroalkyl groups
have been attached. These long-chain fluorinated polymers often contain residual raw
materials and trace levels of long-chain perfluoroalkyl acids (PFAAs) as impurities. The residual
raw materials and the product themselves may degrade in the environment to form long-chain
PFAAs.
Since the 1950’s, long-chain PFAAs as well as polymers and surfactants containing long-chain
perfluoroalkyl functionality that may degrade to form long-chain PFAAs have been widely used
B.6.1. Recommendations for the Textile Sector with BREF review
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in numerous industries and commercial applications1. As a result of the widespread uses, longchain PFAAs including PFOA and PFOS have been detected globally in the environment, wildlife
and humans. PFOA and PFOS, the most widely known and studied long-chain PFAAs2,3 have
been shown to be persistent in the environment, have long elimination half-life in wildlife and
humans, and have toxicological properties of concern. Due to these properties, regulatory
actions have been put in place or are being considered in several countries to manage these
substances. There is also a shift within industries towards DWOR chemistries containing
shorter perfluoroalkyl chains as well as non-fluorinated chemistries. The most common water
and oil repellents (DWOR) used by the textile industry are based on C8 perfluorochemicals,
and their toxic effect are known.
Alternative finishing treatments to DWOR
Regarding DWOR alternative products, the tendency is to replace the C8 fluorocarbon
chemistry by C6 or C4 fluorocarbon products or even fluorine-free water repellents. In fact,
currently, C8 fluorocarbons are under restriction and new commercial DWOR finishes are
coming onto the market based on short chain fluorocarbons, hybrid systems or some fluorine
free products. Sol-Gel technology, perfluorosilicones and modified silicones.
The characteristic components of the new alternatives are the following:


Short chain fluorocarbons C6 (PFOA-free) based on fluoroacrylate, fluoroalkyl acrylate,
and perfluoroacrylic copolymers.



Sol-gel



Perfluorosilicones



Silicones completely Fluor-free



Hyper branched polymers



Alkyl urethanes



Polyethylene and amiloplast wax (paraffin)

Conventional paraffin-based repellents:
Paraffin repellent finishing was one of the first repellent finishing used before fluorinated
polymers. Paraffin finishing is usually composed of a paraffin wax emulsified in water with
stearic acid, triethanolamine and a salt acting as a deactivating agent of the hydrophilicity of
the emulsifying agent (aluminum chloride, aluminum sulfate, zinc sulfate, barium chloride,
etc.). Once the emulsion is obtained it can be applied on the fabric by padding or exhaustion.
The final structure obtained on the fabric is a comb-like structure with hydrophobic long chain
of paraffin wax. The main inconvenient of this type of repellent is that they do not have oil

1

Manich A (1961): Aprestos y acabados de fibras textiles. Dalmau y Jover, Barcelona, pp.267-269
Heckster FM, Laane RWPM, Voogt P de. Perfluoroalkylated Substances: Aquatic Environmental
Assessment, July 2002. Retrieved July 2012 from http://edepot.wur.nl/174379
3
Danish Environmental Protection Agency, More Environmentally friendly Alternatives to
PFOSCompounds and PFOA, March 2005. Retrieved July 2012 from
http://www2.mst.dk/udgiv/publications/2005/87-7614-668-5/pdf/87-7614-669-3.pdf
2
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repellency properties and they have low domestic washing fastness4. However, it is a good
alternative when only water repellency is required.
Silicone based repellents:
Silicone repellents are also commonly used in the textile industry to give water repellency to
fabrics. These finishing treatments are generally made of elastomeric polydimethylsiloxanes
which can coat the fabric surface after curing. The structure obtained after finishing by
padding of the fabric surface is a tree-dimensional, flexible and hydrophobic layer bonded to
the fabric’s fibres. Noteworthy that silicone repellents finishing have moderate washing
fastness due to the hydrolysis of the siloxane during laundry.
Sol Gel
The sol gel process is one of the new processes of the inorganic chemistry which does not
require reactions at very high temperatures (>700ºC) to develop new mineral structures5. It
consists in developing at low temperature and normal pressure tree-dimensional inorganic or
organometallic matrix from liquids monomers. This process is employed to obtain hydrophobic
coating on textiles by means of conventional textile application techniques (padding and
exhaustion). The precursors are usually organosilicates (for example, Tetraethyl orthosilicate,
TEOS). The sol gel coating obtained once applied on textile is transparent, have good light and
heat fastness and doesn’t affect the hand of the fabric due to its nanometric structure6, 7.
Perfluorosilicones (PFSi):
Perfluorosilicones are alternative products to perfluoroacrylates materials and are linear
polydimethylsiloxane (Si – O – Si) chains composed of short fluorinated side chains4. This
material is widely used in the textile sector to provide hydrophobic and oleophobic properties.
They have been extensively studied due to the problematic related to long chain fluorocarbon
based finishing and due to their possibility to provide good technical performance and less
environmental impact.
Dendrimers and hyperbranched polymers:
The hyperbranched polymers group includes dendrimers, dendrons, dendrigraft polymers and
branched polymers. They are all cascade polymers of different sides or branch extensions.
Dendrimers are considered the fourth macromolecular generation and are used to obtain
hydrophobic textiles8,9

Alternative products demonstrated as potential BAT candidate from MIDWOR- LIFE
Considering the results obtained in MIDWOR-LIFE, from the list above there are two specific
chemical treatments that have demonstrated a higher environmental friendly performance, so
they could be proposed as potential BAT candidate to be included in the chapter 4 of the TXT
BREF; more specifically in the chapter 4.3 Selection/ substitution of chemicals used. In this
4

Schlinder WD, Hauser PJ. “Chemical Finishing of Textiles. Woodhead Publishing Ltd., Cambridge,
England, 2004
5
Brinker CJ et al. The Physics and Chemistry of Sol Gel Processing, Academic Press of Altanta, 1989.
6
Grundwurmer M; Wear, 263, 318-329, 2007
7
Wang Z; Rare Metal Materials and Engineering, 36, 629-631, 2007
8
Namligoz ES, Bahtiyari MI, Hosaf E, Coban S; Fibres and Textiles in Eastern Europe, 17, 5, 76-81, 2009
9
Hill PJ, Taylor M, Goswami P, Blackburn R; Chemosphere 181, 500=507, 2017
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chapter, it is proposed to include a new sub-chapter addressing the selection/substitution of
DWOR chemicals. The proposed BAT are the following, for which additional information is
provided in the sections 3.2.2 to 3.2.9 of this deliverable:
 Dendrimers and hyperbranched polymers: it has been tested with two types of
products for three applications:
o

Knitted polyester fabric for sportswear and workwear applications

o

Worsted/woolen fabric for fashion application

In the case of knitted polyester, it has provided very good results for water repellency,
achieving the same water repellency grade and washing fastness than obtained for the
C8 and C6-based products. Thus, for Knitted polyester fabric this is considered a very
good BAT candidate as water repellent.
In the case of wool, the product does not meet neither water nor oil repellency after
washing. Water repellency achieved was similar to C6, but the washing fastness was
lower, because this product is not resistant to dry cleaning (such as indicated by the
supplier). Consequently, the use of dendrimers cannot be proposed as BAT candidate
for wool fabric.
 Silicone based repellents: the silicone based product has been tested in a nonwoven
polyester fabric (automotive), obtaining a high level of water repellency. It is a great
result, so this product could be proposed as a water repellent alternative to
substitute the fluorinated chemicals and for this kind of application.
Besides, particular attention is also focused on the need to continue with the work done with
the paraffin and silicone based products, which is reflected in the section 3.3 of this
deliverable.

3.2.2 Technical description of the textile finishing processes
The DWORs alternatives do not need particular conditions, they can be applied by padding as
the conventional finishes or by spraying directly onto fabric surfaces. Chemicals with strong
affinities for the surface of fibers can be applied by exhaustion in dyeing machines, usually
after completing the dyeing process.
Recipes can be prepared and dosed by an automatized system.
In the MIDWOR-LIFE project, industrial applications were done at semi-industrial conditions,
so, for example, volumes of padding process were not optimized and a possible reusing
padding liquors were not considered.
Table 2. Industrial conditions of finishing treatments applied with the dendrimer product in MIDWORLIFE
100% Polyester
100% Wool
Amount of fabric treated
DWOR dilution (dendrimer)
Other auxiliaries used

Volume of padding bath

90m2

79m2

50 g/L in water

50 g/L in water

Wetting agent: 15 g/L
Cross-linking agent: 5 g/L
pH adjustment: Acetic acid
0,5 ml/L
100 L

Wetting agent: 15 g/L
Cross-linking agent: 5 g/L
pH adjustment: Acetic acid
0,5 ml/L
200 L
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Pressure applied

2 bar

3 bar

5 m/min

10 m/min

The bath is introduced
automatically to the padding
machine, where the fabric is
impregnated and then
squeezed by two rolls. After
that, the fabric entered to
the stenter machine, it
consists of 5 chambers
working at the same
temperature (150ºC), where
the textile is first dried and
then cured.

The bath is pumped into the
vessel of the foulard, which
needs a volume of 200L. The
fabrics are impregnated and
then, they pass through the
10 chambers stenter: 3
chambers for drying at 120ºC
and 7 chambers at 160ºC for
curing.

Padding speed
Process description

Table 3. Industrial conditions of finishing treatments applied with the silicone product in MIDWOR- LIFE
Nonwoven polyester fabric
Amount of fabric treated

2 m2

DWOR dilution (silicone)

60 g/l

Other auxiliaries used

Catalyst: 30g/l

Volume of padding bath

5L

Pressure applied

3 bar

Padding speed
Process description

0,4 m/min
This process is carried out in a pilot
line. Therefore, the working speed
and the bath volume are lower. The
bath is pumped into the vessel of
the foulard continuously, where the
fabric is impregnated. The wet
fabrics are first dried and then cured
at 150 ºC.

3.2.3 Achieved environmental benefits
As established in the EU Ecolabel criteria for textile products, to meet a good environmental
status, the non-fluorinated treatments (dendrimer, silicone and paraffin) shall be readily
biodegradable, and/or ultimately biodegradable, or non-bioaccumulative in the aquatic
environment, including in aquatic sediment.
In MIDWOR-LIFE-LIFE, the environmental performance of the process has been assessed under
the Life Cycle Assessment (LCA) methodology, and compared versus a conventional process
that uses C8 products (see Deliverable C.1).
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Dendrimer case
In the two textiles analysed with dendrimer product (100% knitted polyester and 100% woven
wool), the use of dendrimers versus conventional C8 product clearly reduces the
environmental impact in most of the impact categories assessed, but very specially in carbon
footprint (climate change), ozone depletion, human toxicity (both cancer and no cancer effects)
and mineral, fossil & renewable source depletion (Table 4). Note that the use of C8 products is
currently restricted.
Table 4. LCA normalised-results of dendrimer versus C8 in MIDWOR-LIFE project. (ILCD 2011 Method,
SimaPro 8.5.2.0.)
Impact Category

Unit

Total C8

Total Dendrimer

Climate change

kg CO2 eq

4,89E+02

8,82E+01

Ozone depletion

kg CFC-11 eq

1,18E-02

8,51E-06

Human toxicity, non-cancer effects

CTUh

1,35E-04

1,28E-05

Human toxicity, cancer effects

CTUh

1,97E-05

2,65E-06

Particulate matter

kg PM2.5 eq

3,55E-02

2,55E-02

Ionizing radiation HH

kBq U235 eq

1,06E+01

8,98E+00

Ionizing radiation E (interim)

CTUe

3,00E-05

2,47E-05

Photochemical ozone formation

kg NMVOC eq

3,22E-01

1,86E-01

Acidification

molc H+ eq

4,80E-01

3,79E-01

Terrestrial eutrophication

molc N eq

4,79E-01

4,04E-01

Freshwater eutrophication

kg P eq

2,55E-02

1,96E-02

Marine eutrophication

kg N eq

5,26E-02

4,85E-02

Freshwater ecotoxicity

CTUe

5,94E+02

2,87E+02

Land use

kg C deficit

8,98E+01

7,43E+01

Water resource depletion

m3 water eq

1,32E-01

1,18E-01

Mineral, fossil & ren resource depletion

kg Sb eq

1,54E-02

1,58E-03

Figure 2. Comparison between environmental performances of C8 versus dendrimer in MIDWOR-LIFE trials.
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As shown in the figure 2, the use of dendrimer represents important environmental benefits,
the highest of which are quantified as follow:
 82% improvement on Carbon footprint (climate change)
 100% improvement on Ozone depletion
 90% improvement on Human toxicity, non-cancer effects
 86% improvement on Human toxicity, cancer effects
 90% improvement on Mineral, fossil & renewable source depletion

Silicone case
In the textile analysed with silicone product (100% non-woven polyester), the use of silicone
versus conventional C8 product10 clearly reduces the environmental impact in five of the
impact categories assessed (Table 4 5).
Table 5. LCA normalised-results of silicone versus C8 in MIDWOR-LIFE project. (ILCD 2011 Method,
SimaPro 8.5.2.0.)
Impact Category

Unit

Climate change

kg CO2 eq

4,89E+02

1,37E+02

Ozone depletion

kg CFC-11 eq

1,18E-02

2,66E-05

Human toxicity, non-cancer effects

CTUh

1,35E-04

2,79E-05

Human toxicity, cancer effects

CTUh

1,97E-05

5,14E-06

Particulate matter

kg PM2.5 eq

3,55E-02

7,75E-02

Ionizing radiation HH

kBq U235 eq

1,06E+01

1,23E+01

Ionizing radiation E (interim)

CTUe

3,00E-05

3,81E-05

Photochemical ozone formation

kg NMVOC eq

3,22E-01

4,72E-01

Acidification

molc H+ eq

4,80E-01

7,86E-01

Terrestrial eutrophication

molc N eq

4,79E-01

1,24E+00

Freshwater eutrophication

kg P eq

2,55E-02

3,63E-02

Marine eutrophication

kg N eq

5,26E-02

1,77E-01

Freshwater ecotoxicity

CTUe

5,94E+02

7,06E+02

Land use

kg C deficit

8,98E+01

1,88E+02

Water resource depletion

m3 water eq

1,32E-01

3,98E-01

Mineral, fossil & ren resource depletion

kg Sb eq

1,54E-02

4,69E-03

10

Total C8

Total Silicone

Note that the use of C8 products is currently restricted.
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Figure 3. Comparison between environmental performances of C8 versus silicone in MIDWOR-LIFE trials

As shown in the previous figure 3, the use of silicone represents important environmental
benefits, in the following categories:
 72% improvement on Carbon footprint (climate change)
 100% improvement on Ozone depletion
 80% improvement on Human toxicity, non-cancer effects
 74% improvement on Human toxicity, cancer effects
 70% improvement on Mineral, fossil & renewable source depletion

3.2.4 Environmental performance and operational data
Dendrimer case
Consumption data have been obtained for the production of two types of fabrics, 100% knitted
polyester (175g/m2) and 100% woven wool (180g/m2).
Table 6. Inventory of inputs for the textile application of C8. Values for 90 m2 (surface used at industrial
application)
Padding process
Materials/Fuels
C8-DWOR in a 5L container
Water for padding
Electricity/heat
Electricity
Transportation of DWOR and
auxiliary products
Waste to treatment
Wastewater treatment
Drying and curing
Electricity/heat
Thermal energy
B.6.1. Recommendations for the Textile Sector with BREF review
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3,5
3,85

kWh
tkm

0,15
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800a
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Electricity

23,1

kWh

Table 7.. Inventory of inputs for the textile application of dendrimer-based DWOR. Values for 90 m2
(surface used at validation)
Padding process
Materials/Fuels
Dendrimer

7,5

kg

Wetting agent

0,75

kg

Water for padding
Acetic Acid 80%1
Electricity/heat
Electricity
Transportation of DWOR and
auxiliary products
Waste to treatment
Wastewater treatment

150
52,5

kg
g

3,5

kWh

5,78

tkm

0,15

m3

800
23,1

MJ
kWh

Drying and curing
Electricity/heat
Thermal energy
Electricity

To assess the environmental performance of the use of the dendrimer product, four separated
process steps were considered within the scope:





The chemical product (DWOR)
Wetting agent
Padding process
Drying and curing
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Figure 4.. Environmental performance of the use of the dendrimer in MIDWOR-LIFE trials.
The figure 4 above clearly shows the very high impact in terms of environmental performance,
of drying and curing process with dendrimer.
Silicone case
The following table shows the inputs needed for the textile application of silicone-based
DWOR.
Table 8. Inventory of inputs for the textile application of silicone-based DWOR. Values for 90 M2 (surface
used at industrial application)
Padding process
Materials/Fuels
Silicone based DWOR

13,5

kg

Catalyst

6,75

kg

Water for padding
Electricity/heat
Electricity
Transportation of DWOR and
auxiliary products
Waste to treatment
Wastewater treatment

300

kg

3,5

kWh

10,1

tkm

0,3

m3
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Drying and curing
Electricity/heat
Thermal energy
Electricity

800
23,1

MJ
kWh

To assess the environmental performance of the use of the silicone product, four separated
process steps were considered within the scope:





The chemical product (DWOR)
The catalyst
Padding process
Drying and curing

Figure 5. Environmental performance of the use of the silicone in MIDWOR-LIFE trials.
As can be seen in the previous figure 5, the silicone DWOR production is the main source of
impact in most of categories, exceeding 60% of the total impact in O3 depletion, particulate
matter, terrestrial and marine eutrophication and water resource depletion.

3.2.5 Cross-media effects
No differences have been detected in the operational conditions between conventional
DWORS (C8 or C6), silicone and dendrimer process, such as electricity and gas consumption.
Negative environmental effects have not been identified ( Table 6, Table 7, Table 8)).
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3.2.6 Technical considerations relevant to applicability
This type of product is used to obtain water repellence functionality in textiles. It can be used
in textile industry with machinery installed for padding and stenter, requiring the subsequent
drying and curing.

3.2.7. Economics
No specific investment is needed. In general, the price of fluorine-free alternatives is lower
than that of fluorinated treatments. The price of the Silicon-based repellents is approximately
at the same level of the dendrimer-based repellents. For further details about costs, please
consult the Deliverable C3 of MIDWOR project.

3.2.8 Example plants
Dendrimer case



HIDROCOLOR s.l. (Llinars del Vallès, Barcelona)
BIELLA MANIFATTURE TESSILI s.r.l. (Mongrando, Biella, Italy)

Silicone case


Inotex (Czech Republic)
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3.3. Recommendations regarding the Chapter 7.4: Recommendations for future work
3.3.1 Recommendations for further work with paraffin
During the project, the paraffin product has been tested in four types of fabric for five
different applications:






Nonwoven polyester fabric (automotive)
Knitted polyester fabric (sportswear)
Knitted polyester (workwear)
Woollen fabric (fashion)
Woven polyester (upholstery)

The results after the tests indicated that neither water nor oil repellences were met with
paraffin, but there are particular issues to be noted regarding the use of paraffin in MIDWORLIFE:


The paraffin alternative was not applied on an industrial scale since it was not included
in the initial list of products, at the beginning of the project. Once it was decided to be
included, the products selection for industrial trials had already been done.



The laboratory results did not meet the repellency required to neither water nor oil
stains. Therefore, it was not considered necessary to test this product at industrial
scale.



The paraffin has been tested with three polyester fabrics and one wool fabric.
However, this specific product was not indicated to be used in polyester fabrics, by the
manufacturer. Thus the results on this product must only be assessed on wool.



In the case of wool, the water repellency grade before washing is high, but again the
washing fastness on this king of fabric is very low.

In consequence, there are two specific recommendations here, which are proposed to be
taken into account during the review of the current version of the TXT BREF, related to the
chapter 7.4: Recommendations for future work:
 Future work is recommended to test the paraffin used but with other type of fabrics.
 Future work is recommended to test other paraffin products.

3.3.2 Recommendations for further work with silicone based products
As mentioned above, the silicone based product has been tested in MIDWOR-LIFE with a
nonwoven polyester fabric (automotive), obtaining a high level of water repellency, so this
product is proposed in the previous section 3.2 as potential substitute for the fluorinated
chemicals, for this kind of application.
B.6.1. Recommendations for the Textile Sector with BREF review
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However, even if the environmental performance of the silicone used is certainly higher than
fluorine based products, further tests are recommended to be carried out with:
 other silicone based products.
 other types of fabrics for other types of textile applications.
The first proposal lies to the results of specific assessment performed in the framework of the
analysis of EU Ecolabel criteria applicable to these chemical treatments. Noteworthy during
the project EU Ecolabel criteria for textiles have been assessed (see the deliverable B6.3 of
MIDWOR-LIFE “Recommendations to update voluntary schemes”). During the assessment, it
was highlighted that the silicone product used is moderately/ partially biodegradable
(estimated biodegradability ≥ 55%, 28d), and has a low potential of bioaccumulation (BCF<500)
while BCF should be <100 for a substance to be considered not bio-accumulating. Therefore,
the product used does not meet the general requirements criterion (Criterion 13(a)) for being
awarded with EU Ecolabel for textiles. Consequently, further testing is recommended to be
carried out with other silicone based products that could meet EU Ecolabel criteria.
In regard to the second proposal, considering the fact that good results have been obtained
testing the silicone repellent for the automotive application (nonwoven polyester), it is
assumed that good results could be also achieved for other applications with other fabrics.

3.4. Recommendations regarding the Chapter 8: Annex I. Textile auxiliaries (8.8.5.
Hydrophobic / Oleophobic agents)
This is the last point of the TXT BREF for which the results obtained from MIDWOR-LIFE-LIFE
project are proposed to be taken into account.
In current version, nine categories of textile auxiliaries are currently in Annex I, among which
finishing auxiliaries are included:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Surfactants
Auxiliaries and finishing agents for fibre and yarn manufacturing
Sizing agents
Detergents/ wetting agents
Auxiliaries containing sequestering agents
Dyening auxiliaries
Printing auxiliaries
Finishing auxiliaries
Coating compounds and auxiliaries

The following six are considered within the finishing auxiliaries’ category:
-

Easy-care finishing agents
Biocides
Antistatic agents
Flame-retardants
Hydrophobic/ Oleophobic agents
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-

Softeners

Within the sub-chapter on hydrophobic/ oleophobic agents, the most commonly applied
commercial formulations are mentioned to fall under four different categories:





Wax-based repellents
Resin-based repellents
Silicone repellents
Fluorochemical repellents

But a new category of commercial formulation is proposed to be added in this list:

PROPOSAL TO BE ADDED into the current section 8.8.5:
• Dendrimers and hyperbranched polymers.
Therefore, a new point is proposed to be added with the related explanations on this new
category:
PROPOSAL OF TEXT TO BE ADDED:
Dendrimers and hyperbranched polymers
Dendrimers are characterized by regular hyperbranched monomers leading to
monodisperse, tree-like structures. The synthesis of monodisperse polymers demands a
high level of synthetic control which can be achieved through step by step reaction,
building the dendrimer up one monomer layer at a time. The primary components of each
dendrimer are the core, internal cavities, branching units and closely packed surface
groups. Historically, dendrimers have been used in the fields of genetics, medicine, biology
and chemistry. In textile chemistry, finishes containing dendrimers 8, 9 are applied to
fabrics to impart water repellency properties.

.

B.6.1. Recommendations for the Textile Sector with BREF review

Page 24

MIDWOR-LIFE - LIFE14 ENV/ES/000670
With the contribution of the LIFE financial instrument of the
European Commission

4. Summary of the recommendations updates
Some recommendations for potential update of the TXT BREF are outlined from the project
results, which are summarized as follow:
Table 9. Summary of recommendations for potential update of TXT BREF, from MIDWOR-LIFE project.

TXT BREF section

Recommendation

Chapter 2.9.2 Chemical finishing
treatments

Proposal to include an additional sub-chapter related to
oil-repellent treatments (oleophobic treatments) .

Chapter 4: Techniques to
A new subchapter addressing DWOR chemicals is
consider in the determination of proposed to be included.
BAT
Two DWOR alternatives are proposed to be added as BAT
4.3 Selection/ Substitution of
candidates for emerging techniques:
chemicals used
- Dendrimers and hyperbranched polymers: BAT candidate as
water repellent for knitted polyester fabric (sportswear
and workwear applications).
- Silicone based repellents: BAT candidate as water
repellent for nonwoven polyester fabric (automotive
application).
Chapter 7.4 Recommendations
for future work

Proposal to continue the work with the paraffin products:
- testing the paraffin used with other type of fabrics;
- testing other paraffin products.
Proposal to continue the work with silicone based
repellents:
- testing other silicone based products;
- testing other types of fabrics for other textile applications

Chapter 8: Annex I. Textile
auxiliaries
8.8.5 Hydrophobic/ Oleophobic
agents

A new category new category of commercial formulation
is proposed to be added for dendrimers and
hyperbranched polymers.

Remark: These recommendations are made with the objective to add new more sustainable
alternatives, although the C8 and C6 fluorinated products are actually used by the industry due to the
fair technical results of the other alternatives that have to be improved.
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