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Abstract  
Background: Perfluorinated compounds (PFCs) have been used as durable water and oil 
repellent treatments in clothing for more than 50 years. The reason for its popularity is related 
to the chemical structure, which also makes these compounds persistent in the environment. 
Numerous studies have shown negative environmental and health effects related to high 
concentrations of perfluorinated compounds in blood serum. Due to these studies, this paper 
aimed to find out if perfluorinated compounds could be replaced by non-perfluorinated 
without compromising performance related to water and oil repellency.  
Methodology: A reference sample impregnated with fluorocarbons was compared with the 
following non-perfluorinated treatments, aliphatic polyurethane (comb polymer) organic 
silicone and acid  (comb polymer) and hydrocarbon (dendrimer). Impregnations were 
subjected to abrasion, UV-radiation and washing and after each destructive treatment; oil and 
water repellency tests were conducted. The environmental and health effect of all treatments 
were examined in a theoretical study. 
Results: Due to difficulties with the impregnation process, comparable results could only be 
concluded with the perfluorinated and the hydrocarbon compound. The hydrocarbon was 
superior the perfluorinated compound to abrasion but for usage simulation methods that 
allowed chemical reactions, hence UV-radiation and washing, the fluorocarbons showed 
better resistance.  
Conclusion: Results show that the hydrocarbon treatment could replace perfluorinated 
treatments commercially when only water and not oil repellency is required. The alternative 
treatments in this study are not yet sufficiently examined with respect to environmental and 
health and can therefore not be called greener with certainty.  
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Sammanfattning 
Bakgrund: Inom textilbranschen har perfluorerade ämnen används till vatten och 
oljeavvisning i mer än 50 års tid. Den kemiska strukturen är anledningen till både dess 
popularitet men även till att ämnet är persistent i naturen. Ett flertal studier har visat på 
negativa miljö- och hälsoeffekter för människor och djur med höga halter av perfluorerade 
ämnen i blodet. På grund av dessa studier ämnar denna rapport att undersöka huruvida dessa 
perfluroerade ämnen kan ersättas av fluorfria ämnen, utan att ge avkall på den vatten och 
oljeavvisande förmågan. 
Metod: Tre fluorfria behandlingar; organisk kisel och syra (kampolymer), alifatisk polyuretan 
(kampolymer) samt kolväte (dendrimer) har jämförts med ett perfluorerat referensprov med 
avseende på prestanda och miljö och hälsoeffekter. Samtliga behandlingar utsattes för en 
användningssimulering bestående av nötning, UV-strålning och tvätt varefter den 
vattenavvisande förmågan utvärderades i spraytester.  
Resultat: På grund av svårigheter vid impregneringsprocessen kunde endast mätbara resultat 
dras mellan den kolvätebaserade dendrimeren och det perfluorerade referensprovet. Den 
kolvätebaserade dendrimerbehandlingen var överlägsen det perfluorerade referensprovet vid 
mekanisk påfrestning i form av nötning men underlägsen vid påfrestning som tillät kemiska 
reaktioner, det vill säga, tvätt och UV-strålning.  
Slutsats: Resultat visar att den kolvätebaserad dendrimerbehandlingen kan ersätta 
perfluorerade ämnen när endast vatten- och inte oljeavvisning krävs. De utvärderade 
alternativen i denna studie kräver dock vidare forskning kring miljö- och hälsoeffekter och 
kan därför inte kallas grönare alternativ med säkerhet. 
  



iv 
 

Simplified Abstract 
There are many different impregnations used for achieving water repellency of outdoor 
clothing today. The most effective and durable treatments include fluoro chemicals and have 
been used for more than 50 years. Some of its precursors have shown to be persistent in 
nature and also dangerous to humans and animals, which is why one of the most widely used 
compound are banned since of 2009 and another one will probably be banned in 2015. 
Alternatives to these treatments are requested and this paper will investigate three fluoro-free 
repellency treatments. These are organic silicone and acid, aliphatic polyurethane and 
hydrocarbon compound. The results of this study show that the hydrocarbon based water 
repellency treatment can be compared to the perfluorinated substance only in situations where 
oil repellency is not required. The conclusion is that the hydrocarbon compound will be able 
to work as a treatment on outdoor clothing for Helly Hansen. There is however too little 
information on the environmental and health aspects that needs to be further investigated.  

 
Abbreviations and acronyms 
DWOR Durable Water and Oil Repellent 
FTOH Fluorotelomer alcohols 
LC50 Lethal concentration 50% 
LD 50 Lethal dose 50% 
MSDS Material Safety Data Sheet 
PFCs Perfluorinated compounds 
PFCA Perfluorocarboxylic acid 
PFNA Perfluorononaoic acid 
PFOA Perfluorooctanoic acid  
PFOS Perfluorooctane sulfonate 
PFTE Polytetrafluoroethylene 
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1. Introduction 
Perfluorinated compounds (PFCs) (US Environmental Protection Agency, 2009) have been 
widely used as durable water and oil repellent (DWOR) treatments in outdoor clothing for 
more than 50 years (Dimitrov et al., 2004). The constitution of the fluorocarbon molecule is a 
carbon backbone where all hydrogen has been replaced with fluorine and this carbon-fluorine 
bond is one of the strongest known in organic chemistry. This stable, covalent bond is the 
reason why PFCs are persistent in nature but it is also related to the unique properties of the 
compound; chemically inert, very slippery, nonstick, highly fire resistance and very high 
temperature resistance. These inherent properties make PFCs usable in a wide range of 
commercial products such as cookware and food handling equipment, motor oil additives, 
medical equipment, fire fighting foams, paint (Posner, 2012), corrosion inhibitors, lubricants, 
wetting agents, insecticides and most important for this study; water and oil repellency 
treatments for textiles (Dimitrov et al., 2004).  
 
However, there are health and environment concerns around these useful compounds 
including reproduction toxicity, cytotoxicity and ecotoxicity. They are found to occur in blood 
serum of minks, otters, marine mammals, birds, fish and mussels (Dimitrov et al., 2004) but 
also of humans (Grandjean et al., 2012, Ostertag et al., 2009). It is believed that humans 
absorb most of the fluoro chemicals orally and there are numerous investigations related to 
human health. One study has shown decreased length and abdominal circumference of 
newborn babies to mothers with high levels of the PFC perfluorooctanoic acid (PFOA) in 
their blood (Fei et al., 2008). Other studies have shown increased risk of infertility; women 
with higher levels of PFOA and the PFC perfluorooctane sulfonate (PFOS) had a harder time 
getting pregnant (Fei, 2009). Also men with high combined levels of the same substance had 
half the number of normal sperm compared to men with lower levels of the perfluorinated 
substances (Joensen, 2009).  
 
Further effects will be discussed later but evidently there is a need for more environmental 
and human health friendly, hence greener, water repellent treatments. The Swedish company 
H&M have already replaced their fluoro chemical treatments with fluoro-free treatments 
(H&M banns PFC useTextile-World, 2012). There is also a new project starting in may 2013 
where 16MSEK from FORMAS, a national research fund, will initiate Swerea IVF to do an 
extensive evaluation of the fluoro-free alternatives on the market (Formas, 2013). Norwegian 
sport and workwear retailer Helly Hansen agrees and wants to replace their perfluorinated 
DWOR-treatments with less harmful substitutes. As fluoro-free alternatives, this paper will 
investigate the performance and environmental and health effects of the following treatments; 
organic silicon and acid (comb polymer), aliphatic polyurethane (comb polymer) and 
hydrocarbon (dendrimer). 
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1.1 Purpose 
This paper aims to find out if any of the, by Helly Hansen provided impregnations could 
replace fluoro chemical DWOR-treatments. This in order to reduce the negative 
environmental and health effects related to PFCs, without compromising performance in 
outdoor clothing. The authors will evaluate performance in experimental studies including oil 
repellency test since oil repellency has proven to be difficult to accomplish without PFCs 
(Schindler and Hauser, 2004, Posner, 2012). Further studies regarding the durability of the 
treatments will be evaluated after a simulation of usage including washing, abrasion and UV-
radiation. These simulations are also important because durability is related to sustainability 
where products with along life span are related to environmental benefits (Fletcher, 2008). 
The paper intends to answer the following question:  
 
Is it possible to replace fluoro chemical, durable, water and oil repellent treatments with 
treatments less adverse to environment and health, without compromising performance that 
could be affected by washing, abrasion and/or UV-radiation? 

1.2 Delimitations  
Since Helly Hansen is the founder of this project, they have chosen all the material, thus the 
fabric and repellent treatments. The study will confine itself to assessing only the provided 
materials and not evaluate any other, alternative repellent treatments nor try the treatments on 
any other fabric than the provided polyester. The parameters that will be investigated are 
performance and environmental and health aspects, whilst parameters such as cost, fabric feel 
and sew ability will be excluded. The authors are aware that the cost issue is of great 
importance in the fashion industry (Jackson and Shaw, 2009) where Helly Hansen operates as 
a profit making company, but that matter is left to them to decide if any of the repellent 
treatments show satisfactory results. The environmental and health aspect will only be 
investigated by literature studies; empirical studies on that matter would exceed the authors’ 
area of knowledge, which is limited to textile technology. Manufacturers have chosen to act 
anonymously and they can only provide their respectively Material Safety Data Sheet in order 
to evaluate the different components in the different treatments. The literature studies on PFCs 
are limited to the carbon backbone of 6-10 since the number of compounds otherwise will be too 
many (over a thousand) to investigate (Posner, 2012).  

2. Theoretical study 

2.1 Theoretical framework 
PFCs have been widely used for more than 50 years (Dimitrov et al., 2004) and has become 
an emerging public health problem as increasing evidence suggest neurotoxicity, liver 
toxicity, reproductive toxicity and suspected human carcinogenic (Genuis et al., 2010). 
Despite the wealth of research on the subject, scientists are not convinced from what source 
the general population is exposed to the fluoro chemicals (Posner, 2012). Nevertheless, there 
are a whole plethora of research in the area and for this study the theoretical framework will 
be collected qualitatively from both older and the latest literature in order to find the most 
current data and compile it to comprehensible information. Databases such as Textile 
Technology Complete, Science Direct, Word Textiles and Scopus will be used to find 
journals, preferably peer-reviewed. To be sure that all accessible databases are included, 
searches will also be conducted from Google. Further will websites including Woodhead 
Publishing Online and Springerlink be used to find e-books while printed books will be 
sought at the library of University of Borås. 
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Since the chemical suppliers require to remain anonymous, all information around the 
repellent treatments cannot be included in this paper. However, important parts from e.g. the 
Material Safety Data Sheets (MSDS), which are unbiased results made in regulation with 
European Union Law (Commision Regulation, 2009) and Globally Harmonized System 
(United States Department of Labor, 2013) of Classification of Chemicals will be included 
and if additional information is needed this will be collected from external sources to the 
extent it is possible.   

2.2 Repellent mechanisms 
One of the fundamental laws of physics states that every system strives for a minimal surface 
energy (Posner, 2012). Water molecules are dipoles with physical electrical forces that 
contribute to the water molecules ability to generate hydrogen bonds between the individual 
water molecules. In a body of water, these electrical forces operate in all directions to hold 
each molecule in equilibrium. However, the equilibrium is disturbed at the surface of water 
since there are no forces acting from the air outside. Therefore, the molecules at the surface 
tend to be drawn inwards while striving for the smallest surface area and hence a minimal 
surface energy. The energy accumulated in these surface molecules, is expressed as the 
surface tension and is measured in millinewtons per meter (mN/m). The surface tension forces 
the surface of water in a filled drinking glass into a convex profile and droplets of water into a 
spherical shape (Sivaramakrishnan, 2013). When water and/or oil repellency is required, 
different chemicals can be impregnated or coated on a textile substrate in order to decrease the 
surface energy of the textile. The lower the surface energy, the higher repellency mechanism. 
The surface tension is 72 mN/m of water and 22 mN/m of n-Octane oil, if the textile, for 
example, is impregnated with the fluoromethane CF2 it will get a surface energy of 18 mN/m 
and hence, not be wetted by either water or oil. The explained phenomenon is often referred 
to as “water and oil repellency” (Posner, 2012). Further surface tensions and energies of 
different moieties can be seen in Table 1. 
 

Table 1 - "Surface energy" (Posner, 2012) 

Moiety Liquids Surface energy yc 
(mN/m) 

Surface tension: YL 
(mN/m) 

- CF3-   6  
- CF2H-  15  
- CF2 -  18  
- CH3 -  22  
- CH2 -  31  
- CH2CHCL -   39  
- Polyester  42  
- Polyamide  46  
- Cotton  44  
 Water  72 
 n-Octane  22 
  Olive oil  32 
 
According to Holme (2003) rating water repellency is somewhat contradictory since the test 
method and amount of water used has a great impact on the result. The speed of the water 
towards the surface will be higher when a spray test is used compared to measuring the 
contact angle, where a droplet is slowly placed on the surface.  Water repellency is also 
relative since there is no solid material that performs as a repulsive force to water. There’s 
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always an attractive force between the water and the solid material it is in contact with. The 
force can be very small but it always exists. In this paper the word “repellency” will be used 
since it is an accepted and widely used expression even though there is no repellent force.  

2.2.1 Contact	  angle	  
The contact angle “ϴ” is defined as the angle formed (Tangent T) in the three-phase boundary 
where gas, solid and liquid intersect (Ruckman, 2005) as shown in Figure 1. If the adhesion 
between the liquid and the solid (textile) is greater than the cohesion of the liquid, the fabric 
will be completely wetted, hence zero contact angle. This theory is called Thomas Young 
theory. 
 
 

 

 

 

 

 

 

 

 
If the cohesion of the liquid to solid is smaller than the cohesion of the liquid there is a 
contact angle greater than zero, which increases as the adhesion between liquid and solid 
decreases relative to the liquid cohesion. The model is shown in Equation 1 below where WSL 
is a quantitative result of the adhesion between the liquid and solid. Furthermore the ϒL is the 
average surface tension of the liquid for a unit area and ϴ is the contact angle (Woodruff, 
1973) shown in Figure 1.  
 
WSL = ϒL(1 + cos ϴ)  

Equation 1 

2.3 The family of fluoro chemicals 
PFC is a generic name used for many different perfluorinated compounds (US Environmental 
Protection Agency, 2009) as seen in Table 2. The PFCs do not occur naturally but have been 
man-made for over 50 years (Dimitrov et al., 2004). They are organic compounds with a 
carbon backbone surrounded by fluorine atoms. This structure is the reason to their resistance 
to heat, acid and other forces where other chemical compounds usually break down with these 
parameters (Posner, 2012, Paul et al., 2008). Its many properties: chemically inert, non-
wetting, very slippery, nontoxic, nonstick, highly fire resistant, very high temperature 
resistant and highly weather resistant make them perfect for a lot of commercial products. 
These include cookware, outdoor clothing, DWOR on textiles, in leather, paper, food 
handling equipment, motor oil additives, medical equipment, fire fighting foams and paint, 
(Posner, 2012), corrosion inhibitors, lubricants and wetting agents (Dimitrov et al., 2004, 
Grandjean et al., 2012).  
 

Table 2 - Fluoro chemicals 

Abbreviation Compound 

Figure 1 Contact angle (Erik Göranzon, Copyright 2013)    Figure 1 Contact angle (Erik Göranzon, Copyright 2013) 
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PFAS Perfluoroalkyl sulfonates 
PFHxA   Perfluorohexanoic acid 
PFAA  Perfluoroalkyl acid 
PFNA  Perfluorononaonic acid 
PFOSa   Perfluorooctanesulfoneamide 
POSF  Perfluorooctanesulfonyl fluoride 
PFBS  Perfluorobutan sulfuric acid 
FC-75  Fluoroinert liquide and perfluoroionic cyclic ehter 
PFHxS   Perfluorohexanesulfonic acid 
PFOS  Perfluorooctanoate sulfonate or Perfluorooctanosulfonic acid 
PFCA  Perfluorocarboxylate acid 
PFOA  Perfluorooctanoate acid 
  
There is a PFC-group called fluorotelomer alcohols, which are used in treating outdoor 
clothing for waterproofness and waterproofing agents for textiles. They do however have the 
potential to form the more stable perfluorinated carboxylates (PFCAs) when degrading, which 
include PFOA and perfluorononaoic acid (PFNA). The main use of PFOAs is as a process aid 
in manufacturing polytetrafluoroethylene (PFTE) which is used for instance in Teflon® 
cookware (Posner, 2012).  

2.3.1 Properties	  
PFCs resist heat, acid or other forces that typically destroy chemical compounds. The main 
useful attribute of the PFCs is the low surface energy (described in ‘Repellent Mechanisms’). 
This property explains why PFCs can repel water and oil (Posner, 2012) but also dry soil by 
preventing soil particles from adhering to the fabric surface (Schindler and Hauser, 2004). As 
mentioned before all PFCs have a carbon backbone and the water, oil and soil repellency have 
a linear dependence to the carbon backbone length illustrated in Figure 2. 

 
Figure 2 Correlation between surface energy and carbon chain length. Erik Göranzon, inspired by Posner (2012) 

The surface energy correlates to the length of the fluoro chemical’s carbon backbone where a 
longer carbon chain (up to 12) results in lower surface energy. The fact that the surface energy 



8 
 

is lower results in a better water and oil repellency. With the sufficient chain length the 
compound obtains a larger density of perfluorinated carbons on the surface hence lower 
surface energy (Posner, 2012). Each fluoro chemical differs by an atom or functional group to 
form specific, perfluorinated compounds. The most common fluoro chemical is PFOA and is 
also referred to as C8 because of the eight carbon atoms in the backbone (Grandjean et al., 
2012). The C6 fluorocarbon is today becoming more popular because it’s thought of as less 
hazardous than C8. (Dinglasan-Panlilio et al., 2007) 
 

2.3.2 Exposure	  and	  effect	  
A study showed that for a general population in the Western countries inhales “house dust”, 
which contains 8.2% of the daily intake of PFOA by humans (Washburn and Clewell, 2005). 
Studies believe that humans absorb most of the fluoro chemicals orally (Trudel D, 2008, 
Ostertag et al., 2009). The founding’s above only show PFOA and no other PFCs. Further 
evidence about PFCA exposure to humans in our homes were clear by United States 
Environmental Protection Agency (US EPA) in 2009 when 13 household articles were 
examined. The study showed that the most important sources to PFCA C5 to C12 were 
carpets, stone/tile/wood sealants, textiles, and textile care products. Other places in the house 
where PFOA can be found is in microwave, popcorn bags, dental floss, thread seal tape, food 
contact paper and cookware (Posner, 2012). One alternative way for exposure are the 
treatment on outdoor jackets.  The treatments are eventually washed off by rain or washed off 
in the washing machine into the environment where they decompose into smaller persistent 
and bio-accumulative compounds (Dimitrov et al., 2004).  
 
The presence of environmental chemicals in the human body does not necessarily lead to 
negative health effects. However, there are man-made chemicals present in the environment, 
which have been proven to affect human health. Following is a number of studies showing 
health effects from fluoro chemicals including animals, humans and further information on 
how they are exposed. Noteworthy is that both the dosage and the time of exposure; hence the 
treatment scheme, has a significant impact on any health outcome (Lau et al., 2007). 
 
A study done by Ministry of Health in Canada shows that nearly all residents of Canada have 
low levels of fluoro chemicals, including PFOS, in their blood (Dimitrov et al., 2004). The 
fluoro chemicals have also been located in blood of humans from North America, South 
America, Europe and Asia. However they are also found to occur in blood serum of minks, 
otters, marine mammals, birds, fish and mussels. In order to evaluate when PFCs degrade into 
dangerous perfluorinated carboxylic acids, trout fed fluorotelomers showed that 
fluorotelomers degraded in their liver (Butt et al., 2010). The fluoro industry tried to show 
that the PFC does not degrade into more toxic acids until thousands of years later but 
Washington (2009) showed that the degradation process into toxic PFCs acid was much 
quicker. Investigated were the fluorotelomer degradation in soil, which was a major source to 
PFOA in the environment (Washington et al., 2009). There are consequences and one 
discussed by Grandjean et al. (2012) who concluded that children with elevated exposure to 
PFCs had reduced humoral immune response to routine immunization, i.e. lower immune 
system at age 5 to 7 years.  
 
Fei et al. (2008) investigated the relation between the weight of newborns and the amount of 
PFOA and PFOS in their mothers blood samples since fluoro chemicals have been associated 
with reduced birth weight in many pregnant inhabitants. From a Danish hospital were blood 
samples from 1400, randomly selected, pregnant women and measurements of their newborns 
taken. The study showed, with a 95% confidence interval, that mothers with detected levels of 
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PFOA gave birth to babies with a decreased length of 0.069 cm and a decreased abdominal 
circumference of 0.059 cm. The conclusion of these findings is that fetal exposure to PFOA, 
but not PFOS, during organ development may affect the growth of bone and organs. Kannan 
et al. (2005) investigate the accumulation of PFOS in aqueous food webs at various trophic 
levels in the Great Lakes, North America. Results showed a bio concentration (here, the ratio 
of PFOA in an organism to the concentration of PFOA in water) of approximately 1000 in 
benthic invertebrates and a bio magnification of 10 to 20 in mink and bald eagles relative to 
their prey species. Seacat et al. (2002) examined whether Cynomolgus monkeys responded to 
four different doses of PFOS during a period of 182 days. Significant adverse effects occurred 
only in the group of six monkeys given the highest dose PFOS of 75 mg/kg/day including two 
deaths, decreased body weight and increased liver weight. However, what can be seen as 
reassuring for humans is that the concentration associated with no adverse effects for 
monkeys (82.6 ± 25.2 ppm for males and 66.8 ± 10.8 ppm for females) is well above the 
reported doses of PFOS found in human blood samples (0.028 ± 0.014 ppm). 
 

2.3.3 Work	  environment	  related	  problems	  	  
In the Material Safety Data Sheet (MSDS) for the provided fluorocarbon there is very little 
information on the toxicological information and the ecological information. The only 
chemicals listed, which are not a trade secret, are dipropylene glycol and acetic acid. They 
represent LD50 14850mg/kg (rabbit) and 3319mg/kg respectively. There is no information on 
the LC50 value for dipropylene glycol whereas the LC50 for acetic acid is  >75ml/L on fish. 
The work environment need to be safe in order to minimize risk related to skin irritation, 
serious eye damage/irritation and respiratory irritation from the dipropylene glycol. The acetic 
acid is harmful if in contact with skin, flammable liquid/vapor may cause respiratory irritation 
and is classified as a chemical that may destroy living tissue on contact. The components 
biodegradability is unknown for the dipropylene glycol and acetic acid is easily biodegraded. 
However, no information in the MSDS shows the degradation products. It is not allowed to let 
the chemicals enter the sewers according to the material safety data sheet. 

2.3.4 History	  and	  Legislation	  
Fluoro chemicals can be traced back to the company 3M using PFCs as early as 1949 in their 
making of scotchguard (water repellent finish). In year 2001, United States Environmental 
Protection Agency (US EPA) banned PFOS (Posner, 2012). This led to that the manufacturer, 
3M in 2002 phased out PFOS. However, the potential toxicity, extreme persistence in nature 
and accumulation potential of the PFOS have in 2009 resulted in a prohibition for new users 
or import by chemical regulatory authorities worldwide and added to the REACH 
(Registration, Evaluation, Authorization and Restriction of Chemical substances) list. This is 
based on the United Nations Environmental Programme (UNEP) and Stockholm convention, 
where PFOS is classified as a POP (Persistent organic pollutant) (Posner, 2012) and not 
include more than 0,001% by weight in a product (Commision Regulation, 2009). There is 
also a voluntary agreement with the fluoropolymer industry to reduce the total percentage of 
PFOA in emission and products to 95% no later than 2010 and total eliminating PFOA 
probably no later than 2015 (Posner, 2012).  

2.4 Alternatives to fluoro chemicals for DWOR treatment 
The three alternative, fluorine-free, repellent chemicals evaluated in this study are organic 
silicon and acid comb polymer, aliphatic polyurethane comb polymer and hydrocarbon 
dendrimer. From each chemical supplier, a mandatory MSDS is provided with the 
environmental and health effect of each individual chemical, which will be discussed in this 
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chapter. However, all three treatments consists of at least two different components that have 
to be mixed prior to application on the fabric and the environmental and health effects of the 
mixtures are difficult to determine due to the so called cocktail effect. Meaning that a 
chemical can be less but even more toxic when mixed with other chemicals, hence either 
synergistic or antagonistic effects due to chemical interactions (Celander, 2011). Identifying 
each mixtures environmental and health effect is possible, but beyond the scope of this study.  

2.4.1 Repellent	  mechanism	  
The silicone-based treatment’s hydrophobicity derives from its “tail” structure (Figure 3) on 
the surface creating a low surface energy and the composition is a mixture of organic silicone 
compound and organic acid (MSDS). In 2004, Schindler & Hauser stated that the lowest 
surface energy achievable with silicon treatments was 24 mN/m. Eight years later, Posner 
(2012) stated that silicon treatments can repel water but not oil since 22 mN/m is the lowest 
surface energy feasible. This proves that the development of alternatives to fluoro chemicals 
is progressing and this is the reason why oil repellency will be evaluated in this study. Certain 
oils have a surface tension of 35 mN/m (Schindler and Hauser, 2004) and if silicon treatments 
can present a surface energy as low as 22 mN/m it, which is 13 mN/m lower than these 
certain oils, repellency is theoretically possible. 
 
The aliphatic polyurethane treatment uses the same technique as the silicone based treatment 
in order to create low surface energy (MSDS). The only thing that differs is the composition 
of substances, aliphatic polyurethane instead of organic silicone and acid. The product is a 
two-component system where the aliphatic polyurethane part is hydrophobic and the second 
component is a cross linker (hexamethylenediisocyanat-oligomere, 99.5% and 
hexamethylenediisocyanate, 0,5%). The third composition is not a linear but a hyperbranched 
polymer, of the specific kind called dendrimer. The word “dendrimer” is derived from the 
Greek words dendros (tree) and meros (part) and describes the architecture of the molecule. 
The molecules arise from a core and branch out like the arms of a tree into a well-defined, 
three-dimensional macromolecule (Fischer and Vögtle, 1999). Each dendrimer consists of a 
core, internal cavities, branching units and terminal groups (Namligoz et al., 2009). The water 
repellent mechanism derives from the macromolecules ability to build-up crystal structures in 
nano range with the benefit of not impairing the textiles permeability to air and vapor. Filling 
the cavities or modifying the core and/or terminal groups can change the functionality and the 
properties of the dendrimer (Colleoni et al., 2011). 

.  
Figure 3 A - Comb Polymer, B - Hyperbranched polymer, C - Dendrimer 

2.4.2 Work	  environment	  and	  health	  related	  problems	  
Organic silicone is classified as a chemical that may cause inflammation to the skin (Health 
and Safety Executive, 2013) and is irritant to the skin. The organic acid, which is the second 
component in the mixture, may also cause inflammation to the skin and is also irritant to 
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eyes/respiratory system and skin. There are no classifications of hazardous chemicals found in 
the mixture of the two components according to the MSDS. The aliphatic polyurethane 
mixture does contain hazardous chemicals in the cross linker. These are the isocyanates 
(Hexamethylenediisocyanate-oligomer and hexamethylenediisocyanate) and will cause health 
problems. The MSDS states that it may cause an allergic skin reaction (ToxInfo Ltd., 2013) 
inflammation on the skin, may cause sensitization by skin contact, chemical that may cause 
damage to health, irritating to eyes, respiratory system, skin, also classified as, “at low level 
cause damage to health” and toxic if inhaled”. Continuing with the hydrocarbon dendrimer, 
which is composed of a four component system there are several health concerns to take into 
consideration. If the components are sprayed they may be hazardous and irritating to the 
respiratory system due to aerosols drops. The component also contains propane-1,2-diol, 
which is harmful if swallowed, cause skin irritation, may cause an allergic skin reaction, 
cause serious eye irritation and may cause respiratory irritation. Further chemicals where a 
precaution is needed is with the included component cationic surfactant where the skin may 
be irritated, inflammation may occur, classified as a chemical that may destroy living tissue 
on contact. The forth component is acidic acid, which will cause severe skin burns and eye 
damage and may destroy living tissue on contact. 

2.4.3 Environmental	  concerns	  
None of the below chemicals are classified as a persistent organic pollutant (POP) or very 
persistent and very bioaccumulative (vPvB). Here the chemicals are also only explained 
separately and there is no information about the mixtures work environment related problems. 
The silicone-based treatment is readily biodegradable and a third party Anoxkaldnes, 
accredited by Swedac, certifies this. However there are still concerns about the degradation 
products, which are not stated in the MSDS. According to the MSDS, the silicone readily 
occurs in the nature and will bond to other minerals, hence biologically unavailable. The LD50 
values are >1500mg/kg (organic acid) on mouse and >5000mg/kg rat (organic silicone). LC50 
on fish >1000mg/L, LC50 (daphnier) >1000mg/L. This value indicates the dose needed to kill 
50% of the population tested (Austin and Austin, 1999) and LC50 is the lethal concentration 
needed to kill 50% of the population tested (Prates et al., 1998) 

The MSDS for the first component (functional polyurethane prepolymer) in the aliphatic 
polyurethane treatment indicates that the chemical should not be allowed to penetrate the 
ground/soil and not allowing it into sewers or ground water. The reason for this is unknown. 
There is no information on the biodegradation of the chemical. The second component of the 
two-component system did not inform on the LD50 because this testing was not complete on 
the time of writing the MSDS. The second component in the aliphatic polyurethane treatment 
has several environmental concerns. If the chemical is released into the ground/soil 
recommendations are to call the appropriate authorities. This is mainly because of the fact that 
the component is not easily biodegradable. Its LD50 values are >350mg/kg for mouse and 
596mg/kg for rabbit, which is lower than that of organic silicone and organic acid. No 
information on LC50 is available but it is harmful to aquatic life with long lasting effects.  

The third treatment where a four-component system is applied there are also several 
environmental concerns. As mentioned above they only inform on each component separately 
and not as a mixture. One component (wetting agent) is easily biodegradable with a LD50 of 
35000mg/kg on rat. Its LC50 is 300mg/L (vertebrata) and is also according to the European 
chemicals agency (ECHA) very toxic to aqueous life with long lasting effects. The second 
component (hydrophobic group) in the system are classified as “chemicals that may present 
an immediate or delayed danger to one or more components of the environment” and very 
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toxic to aqueous organisms. There is no information about the biodegradability. LD50 is 
>5000mg/kg for rat and LC50 on vertebrata is >100mg/l. The third component (cross linker) 
doesn’t either present any information about the degradability. The LD50 is tested on rat and is 
>7000mg/kg and LC50 is 200mg/l on vertebrata. Recommendation about the disposal is that 
small quantities can be disposed in the household waste according to the MSDS. The fourth 
component (acetic acid) is readily biodegradable but there is no information about the 
products created when degraded. The chemical will lower the pH in water and may harm 
aqueous organisms; hence there is a concern if the chemical is released into the sewers. 
Appropriate authorities must then be contacted immediately. 

3. Experimental study 

3.1 Material 
Since Helly Hansen founded the idea for this paper they have selected and provided this 
project with materials. The fabric that will be examined is one of Helly Hansen’s mostly used 
fabrics for sportswear, rainwear and kids outerwear today and is chosen because of its 
versatility but also because of low cost1. In addition to the fabric, three different repellent 
treatment chemicals were sent to the Swedish School of Textiles laboratory, directly from the 
chemical suppliers who also provided guidelines and Material Safety Data Sheets (MSDS) 
with their treatments.  

3.1.1 Fabric	  
The fabric is a plain weave of 100% polyester with a weight of 150g/m2 and a width of 150 
cm. The fabric is colored purple with disperse dyes and laminated with a thermoplastic and 
hydrophilic membrane made up by Polyurethane (PU). According to the manufacturer in 
Taiwan, this fabric should withstand 3000 mm hydrostatic water pressure and 3000g/m/24h 
moisture vapor. The manufacturer will also impregnate four meters of the same fabric with 
C6-fluorocarbons, which is what Helly Hansen uses for water repellency today. This fabric 
will be dispatch at the same time and used as a reference for comparing the performance of 
fluorocarbons to the three alternative repellent treatments. When delivered, the un-
impregnated fabric will be cut to specimens for preparation before being cut into three parts, 
10m*45cm, for full-scale impregnation in the tenter frame. 

3.1.2 Chemicals	  
The three fluorine-free repellent treatments that will be evaluated in this paper are, organic 
silicon and acid compound (OC) (comb polymer), an aliphatic polyurethane emulsion (PU) 
(comb polymer) and a hydrocarbon compound (HC) (dendrimer). All treatments will be 
handled with respect to the individual Material Safety Data Sheets (MSDS) and the guidelines 
provided from each chemical supplier. It is important to clarify that all three chemicals will be 
used on the same polyester fabric mentioned above in 3.1.1. Three pieces of the fabric has 
been sent to the different chemical suppliers for testing in order to optimize the treatment 
(including wet-pick-up rate/drying/curing/after treatment) to the specific fabric. The organic 
silicon and acid, differs from the other two treatments on two aspects. Firstly, it is delivered 
already mixed in one single container whereas the aliphatic polyurethane treatment was 
delivered as a two-component system and the hydrocarbon dendrimer as a four-component 
system, hence needed to be mixed prior to impregnation. Secondly, the chemical supplier to 
the organic compound did not have the time to determine the wet-pick-up rate for best 

                                                
1 Rebecca Johansson, Trim and Fabric Manager, Helly Hansen 
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performance, thus not specifying the amount of chemical solution the fabric shall contain 
before going in to the oven for curing. There was neither any information if the compound 
should be diluted. The organic silicon and acid compound will therefore have to be tested 
separately to find the parameters explained above in order to optimize these. This procedure is 
summarized in 3.2.1 below. The other two chemical suppliers did have the time to impregnate 
the fabric with different wet-pick-up rates, wash it at least ten times and later evaluate 
different rates by spray testing (in regulation with ISO 24 920). Generally, for all three of the 
treatments, a higher concentration of the active emulsion will lead to enhanced water 
repellency but might lead to an impaired hand of the fabric. Also, a higher concentration will 
lead to a more expensive process and as know; the fashion world is a very price conscious 
industry (Jackson and Shaw, 2009) 

3.2 Sample preparation 

3.2.1 Optimization	  of	  wet-‐pick-‐up	  
In order to evaluate, which wet-pick-up rate that will results in the most water repellent, 
several steps need to be assessed in an optimization. As illustrated in Figure 4 these include 
wet-pick-up rate, drying and curing in an oven. The wet-pick-up rate2 is controlled by the 
roller pressure of the foulard; a higher pressure results in a lower wet-pick-up rate since the 
absorbed liquid is force out of the fabric with increasing compression (Figure 4). For all 
treatments, different roll pressure at the foulard needs to be tested in order to find the optimal 
or recommended wet-pick-up rate. The procedure consists of weighing the dry specimens, dip 
them in the chemical mixture, letting them go through the foulard (Figure 4) and then note the 
wet weight. Due to reliability and reproducibility, at least three specimens should be tested 
before changing the roller pressure. As said in the last section, the chemical supplier of the 
organic silicon and acid compound did not provide any values of neither the wet-pick-up rate 
nor the dilution. Because of this, an optimization process (Appendix 3) of the organic silicon 
and acid treatment is necessary in order to determine the optimal wet-pick-up rate. This 
optimization included an evaluation of water repellency in a spray test (Appendix 4) of each 
wet-pick-up rate and different dilutions for treatment in order to evaluate the optimal wet-
pick-up rate. 
 
 

                                                
2 The equation for wet-pick-up rate is "Wet fabric weight/dry fabric weight". The equation 
equals a number greater than 1 where the decimals are equal to the percent liquid absorbed by 
the fabric.  
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      Figure 4 Schematic view over foulard with tenter frame 

The organic silicon and acid compound has very high viscosity, for comparison the mixture is 
equivalent to cream cheese. The mixture is also pseudo plastic meaning that the viscosity 
decreases with an increasing shear rate and thixotropic, meaning that it is also time dependent 
(Albertsson et al., 2009). Because of the high viscosity, the fabric did not absorb the mixture 
easily when dipped and the spray test showed no good water repellency. Therefore, a second 
batch was executed, now the mixture was brushed on and this method showed the best spray 
test rates available (ISO 5). A third batch of dipping the fabric in the mixture was executed, 
but now with a water dilution of 10%. This did not help with absorbing the mixture and the 
spray tests showed poor results. A final batch was executed with a dilution of 20%, still with 
poor spray test results and to further dilute the mixture would impair the water repellency too 
much. For exact spray test results of all the batches, see Appendix 4  
 
The other two treatments were not as viscous as the organic silicon and acid compound, 
which facilitated the impregnation procedure. Also an optimal wet-pick-up rate was 
recommended, which is why these treatments only need tests with different roll pressure 
(Appendix 2) to find that given wet-pick-up rate of 40-60% for the aliphatic polyurethane 
emulsion and 60-80% for the hydrocarbon compound. 

3.2.2 Impregnation	  	  
The impregnation of full-length fabric will be executed at a 45 cm foulard with tenter frame, 
located in the dying and processing laboratory at the Swedish School of Textiles. The tenter 
frame consists of two ovens with individual heat management. The curing time is related to 
the speed of the tenter frame and can therefore not vary between the two ovens. This feature 
was required for the hydrocarbon compound. Instead the temperature was adjusted between 
the two ovens so that a higher temperature simulated a longer curing time. To exemplify, the 
guidelines of the hydrocarbon compound recommended a curing time of 120°C for 2 minutes 
first and then 160°C for 1 minute. The final curing was executed as recommended but to 
simulate 2 minutes in 120°C the temperature was increased to 130°C since the curing time 
was set to 1 minute per oven. From the provided guidelines and after optimization of the 
organic silicon and acid compound, the following conditions (Table 3) where monitored for 
all three impregnations. 
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Table 3 - Conditions for impregnation 

Condition PU HC OC 
Aimed wet-pick-up rate 60 65 60 
Roller Pressure (bar) 1,5 1,7 1 

Curing temperature oven 1 (°C) 150 130 150 

Curing temperature Oven 2 (°C) 150 160 150 
Total curing time (min) 2 3 5 

Post treatment 
Rinse and air 
dry 

 

Rinse and cure again at 
150°C for 5 min 

 
After each fabric had been mounted and running smoothly, a specimen was cut out to verify 
that the correct wet-pick-up rate was achieved in order to eliminate the risk to waste our 
limited amount of fabric unnecessarily. After this full-scale impregnation a first evaluation by 
spray test (Appendix 5) will be performed in order to determine if the results are good enough 
to be subjected to further evaluation.  

3.3 Simulation of usage 
The following simulations of usage will be performed and evaluated one by one in order to 
deduce, which simulation operation that affects what. 

3.3.1 Washing	  
Washing with detergents might decrease the function of water and oil repellent finishes 
because of chemical reactions between the detergent’s wetting agents (surfactants) and the 
DWOR-treatment. If any detergent remain on the garment after washing, it will work as a 
wetting agent when for instance rain meet the surface (Fung, 2005). These surface-active 
agents will decrease the water repellency due to reduction of surface tension of the water 
molecules. There is a chemical reaction between the surface active agents and the water, 
which decreases the inner forces between the water molecules, hence lowering the surface 
tension of water from 72mN/m to 30mN/m (Sivaramakrishnan, 2013). When possible, Helly 
Hansen wants their products to be washable in home laundry machines for the convenience of 
customers and 99% of their outerwear is washable today. Since these new repellent treatments 
are said to be washable, Helly Hansen will label the garments with instructions for home 
laundry machines, if the whole construction (i.e. zippers, buttons etc.) can withstand it3. The 
purpose with this test is thus to evaluated how well the four impregnations tolerate washing 
(including the perfluorinated treatment). With respect to the reproducibility, the laundering 
was performed in accordance with ISO 6330:200 – Textiles – Domestic washing and drying 
procedures for textile washing with the exception that a different detergent will be used 
instead of the standardized, reference detergent. The entire procedure is available in Appendix 
6. 

3.3.2 Abrasion	  
For coated or impregnated fabrics, abrasion has two meanings, the abrasion resistance of the 
face fabric and the abrasion resistance of the coated or impregnated surface (Fung, 2002). The 
purpose of testing abrasion resistance in this study regards the latter. The international 
standard, ISO 12947-2:1998 – Determination of abrasion resistance of fabrics by the 
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Martindale method, will be used with a modification of the abrading material. Instead of 
wool, cotton or glass paper, the test material will be rubbed against another piece of the same 
test material. The idea is to simulate abrasion of garment usage, for example when a jacket 
sleeve is rubbed against the side of the jacket and later evaluate if the water repellency has 
decreased in the spray test. A precautious method was first executed with the test-series. This 
involved abrading the fabric in the Martindale for 125 cycles in order to make sure that the 
specimens are mounted correct. No previous studies have been found concerning the number 
of cycles that should be used for testing water repellency treatments. The chosen cycles, 1000, 
5000 and 10 000 is based on the fact that work wear provided by Helly Hansen has a 
requirement to withstand 50 000 cycles before the fabric is damaged. And since this test has 
no intention of damaging the fabric, but the impregnation and a lower amount of cycles will 
be used. More detailed information about this experiment is available in Appendix 7. 

3.3.3 UV	  
A fundamental principle regarding light interactions with matter is the fact that chemical 
reactions can be initiated by the energy provided by electromagnetic radiation. These types of 
reactions are also called photochemical reactions, which implies that light is absorbed in a 
chemical substance (Appleyard, 2012). The electromagnetic radiation (i.e. sunlight 
conditions) varies by location, clouds and time of day but the sunlight also affects the 
temperature, which in turn affects the humidity. The heating, cooling and humidity changes 
will cause condensation that can increase color fade and degradation of the fabric (Fung, 
2002). To simulate these weather conditions, the light in the testing apparatus is switch off for 
a period of time and while it is off, condensation occurs. The test series chosen for this study 
includes eight hours of UVA340 exposure followed by four hours without exposure according 
to ISO 4892-3:2006 which is referred to as one cycle. The experiment is done in a UV-
machine with fluorescent light in an enclosed chamber. The test specimens are exposed to 8 
cycles, 16 cycles i.e. 96 hours and 192 hours respectively. More details on the UV radiation 
procedure are available in Appendix 8.  

3.4 Characterization 

3.4.1 Water	  repellency	  
As discussed in the theoretical study, water repellency is important for the breathability of a 
fabric since breathability might be reduced if the supporting fabric is wet out (Fung, 2005). 
There are different ways of measuring the water repellency of a fabric including contact 
angle, spray and rain test. At the Swedish School of Textiles, equipment for measuring the 
contact angle and spray rating is available and since this study needs to evaluate the water 
repellency for all simulations of usages, those are the methods that will be used. The spray 
test (ISO 24 920:1992) is a qualitative measurement method where the practitioner, by 
comparison with five reference pictures of the different spray rates, classifies each sample’s 
water repellency. The rate range is between 1, complete wetting of whole upper surface and 5, 
no sticking or wetting of upper surface. The rating is qualitative and in order not to be biased, 
the person rating the repellency is not aware what treatment the fabric is finished with. For 
unexposed fabrics i.e. without destructive treatments as washing, UV and/or abrasion, a rating 
of 4 is the lowest acceptable rating. This rating is relevant since this is the lowest rating before 
the fabric is wetted (ISO 3 = “Wetting of upper surface at spray point”) (Fung, 2002). 
Evaluation using the spray test method after washing, abrasion and UV is used in this paper 
and full procedure is shown in appendix 11, 12 and 13.  
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The contact angle is a quantitative measurement method, where a droplet (variable size) of 
chosen liquid is placed on the specimen while a camera records the procedure with a 
frequency of 12 pictures per second. The pictures are analyzed by computer software that uses 
the Thomas Young’s Theory to calculate the contact angle on the solid material (here fabric) 
by a liquid (here water) (Biolin Scientific, 2013). This method is also described thoroughly in 
appendix 15.   

3.4.2 Oil	  repellency	  
Oil repellency is one of the properties of the PFCs, which enables them to function in a lot of 
applications such as cookware and outdoor clothing. The surface energy of a fluoro chemical 
treated product is lower than the oil hence oil repellent (Posner, 2012). This property is 
according to Helly Hansen relevant to an outdoor jackets performance and this paper will 
investigate if the alternative treatments possess the same performance. The finished 
treatments will be tested with the ISO 14419 standard (Appendix 14) to evaluate oil 
repellency before any simulation of usage is performed. The test includes seven oils with 
different surface tension, hence different wetting abilities to the fabric. When a drop is placed 
it can be rated from A-rounded drop to D-wet out fabric, where only ratings A will move on 
and tested with the next oil. Each treatment will be tested on three specimens. The ISO 14419 
standard is a qualitative study and in order to characterize this test even further, experiments 
with a contact angle machine (ASTM D7334) will be used. This test will instead of a water 
droplet place a drop of oil onto the fabric surface and measure the contact angle according to 
Young’s Theory, hence quantitative. Oil repellency will also be assessed after each simulation 
of usage. 

3.4.3 Breathability	  
An important feature of the water repellency is related to the breathability of a garment, which 
will be reduced if the outer fabric is soaked in water (Fung, 2002). The skin-sensorial aspect 
is regarding the feel of the garment next to the skin. There are mainly two methods for testing 
the vapor permeability, by absorptive or evaporative test. An example of an absorptive test is 
the ASTM E96 A&C where a dish is places on top of a breathable textile and water is present 
underneath. After several hours the increased weight of the dish is recorded and expressed in 
g/m2/24h. In an evaporative test such as ASTM E96 or ASTM F1249 the difference in weight 
of the water underneath the membrane after several hours is recorded as the water vapor 
permeability. These two methods are straightforward and simple to accommodate, hence a lot 
of manufacturers use them. The drawback is that they don’t represent the microclimate that is 
created when breathable clothing is worn. There is a much better but complex way of testing 
this, using the sweating guarded-hotplate or also called, skin model, ISO 11092:1993 
explained in appendix 10. The basic idea is that there is an electrically heated porous plate 
where the thermal resistance is recorded. Then water is fed through the plate and a water 
permeable membrane is placed above and the test specimen is placed on top. Recordings of 
how much electricity needed to evaporate the water is recorded, hence thermal resistance is 
calculated in the unit of m2 P/W (Kannekens, 1994). This method (ISO 11092:1993) is more 
accurate and will be used in this experiment. Each treatment is according to the standard 
tested with three specimens.A comparison between the treated fabrics will be recorded and 
compared to the untreated fabric. Conclusions if the treatments have affected the membrane in 
any way to alter the breathability to the composition of polyester and the membrane will also 
be discussed. The fabric provided by Helly Hansen is measured using the evaporative method 
in units g/m2/24h and is not comparable to the thermal resistance given in the skin model. The 
untreated fabric will also be tested in the skin model in order to evaluate a reference for the 
skin model compared to the evaporative test method. 
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3.4.4 Waterproofness	  	  
There is a definition used by Schindler and Hauser (2004) in order to define waterproof 
fabric; a waterproof textile should withstand the hydrostatic pressure exerted by a column of 
water from at least a 1000 mm height before the first drops of water penetrate through the 
fabric. According to the technical datasheet, the fabric provided by Helly Hansen should 
withstand 3000 mm of hydrostatic pressure in the ISO 20 811:1992 test, which is the same 
hydrostatic test executed in this study. The method will be used in this paper to evaluate the 
hydrostatic pressure of each of the treated fabrics. The specimen is placed in the machine 
where a frame is lowered on top of it to hold it in place. The machine then records the 
pressure it is exerting on the fabric and each treatment is tested with five different specimens. 
There was no other alternative to measure the hydrostatic pressure. There are two main 
aspects of this study; one is to compare how much hydrostatic pressure they will withstand 
correlates to the second aspect, if the treatments have effected the composition of polyester 
with the membrane. Further information concerning the procedure is available in Appendix 9. 
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4. Results and Discussion 
Only average results are presented, Further detailed results are presented in their respectively 
appendix. 

4.1 Performance 

4.1.1 First	  evaluation	  of	  full-‐scale	  impregnation	  –Spray	  test	  
The average results from the spray test after the full-scale impregnation of all treatments 
showed that only two treatments met our initial requirement of receiving a 4 or higher in the 
spray test. This requirement was necessary in order not to waist time and money on a 
treatment that wouldn’t be suitable in an outdoor product. The approved compounds were 
hydrocarbon and fluorocarbon. The organic silicon and the aliphatic polyurethane treatment 
received very low results in the initial spray test as seen in Figure 5.  
 

 
Figure 5 - Evaluation of full-scale impregnation - Spray rating 

We tried to investigate the reason for these results and came to a conclusion regarding the 
organic silicon compound. Because of the high viscosity there was not enough time for the 
polyester fabric to absorb the treatment before the foulard padders applied pressure on the 
fabric in order to regulate the wet-pick-up rate. Further tryouts were made by diluting the 
treatment with water (10% and 20%) in accordance to the technical datasheet, which made 
changes in the viscosity. The objective was to increase the absorption but the spray test still 
showed a rating 3 or lower, and no further impregnation tryouts were made. The 
manufacturers had told us that diluting the treatment further would have a negative effect on 
the repellency property. During the optimization of the organic silicon compound we used a 
different technique with brushing on the treatment to the fabric (batch 2), which allowed the 
treatment to sink into the polyester and the following spray test showed great results (ISO 5). 
We were not able to transfer this method to full-scale (45cm), which is why we didn’t use this 
method.  
 
Regarding the aliphatic polyurethane, the second treatment failed after the first evaluation, the 
chemical supplier confirmed our process twice but without any improvement. After full-scale 
impregnation we did try to apply the chemical to the fabric two more times, with increased 
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caution but also without improvement. Unfortunately we had to stop further testing of this 
treatment as well. The main reason for this was due to the foulard-tenter frame that was 
moved to another location and therefore we did not have access to do any further testing’s on 
the treatments.  

4.1.2 Contact	  angle	  
The contact angle was supposed to work as a characterization of water repellency together 
with spray testing. However, this method was terminated due to high variations where the 
most accurate outcome showed a standard deviation of 14,31° for the mean contact angle. The 
pictures were analyzed and the source of error is shown in Figure 6, where the software 
calculates the contact angle incorrect, at the middle of the droplet in Figure 6a and correct, at 
the fabric surface in Figure 6b. Also, from the one measurement that can be seen in Appendix 
15, the camera only framed 91 of 120 pictures, hence 29 pictures was missing which also 
gives incorrect results.  
 
 

 

4.1.3 Washing	  	  

The first simulation of usage tested was washing where we washed the treated fabrics 
separately in order to keep any discharge between the treated fabrics. The results (Figure 7) 
show the spray ratings after one, five and ten washes including laundry dry after each wash in 
regard to the ISO standard. This procedure was straightforward in order to determine the (if 
any) loss of treatment from the fabric. The results show a clear connection between washing 
for both treatments. After ten washes, the hydrocarbon can no longer repel water and got an 
average of ISO 2,5 in spray rate whilst the fluorocarbon still showed acceptable spray rates of 
ISO 4,33. This indicates that the fluorocarbon treated fabric is able to withstand the detergent, 
temperature, abrasion and laundry drying better than the hydrocarbon. The reason for this is 
probably related to the strong bonds between the carbon and fluorine atoms. The deviation 
from in the ISO standard, where ICA Kulörtvätt detergent was used instead of reference 
detergent was not a problem since this study only aimed to compare the treatments to each 
other. All results are available in Appendix 11. 

Figure 6b Contact Angle Figure 6a Contact Angle 
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4.1.4 Abrasion	  

The purpose of this study was to evaluate whether the treated fabrics was resistant to abrasion. 
The test was conducted on a matter where the fabric was rubbed against it self. This was 
conducted on a Martindale machine where expected results were that the treatment should be 
rubbed off in some extent. The results show that the hydrocarbon dendrimer is more resistant 
to rubbing than the fluorocarbon treated fabric. This is a good indication for Helly Hansen in 
the search for an alternative to fluorocarbon treatments in outdoor clothing. The complete 
procedure and results can be viewed in Appendix 12.  
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Figure 7 Evaluation after washing - Spray rating  
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Figure 8 Evaluation after abrasion - Spray rating 

4.1.5 UV	  	  
An outdoor jacket is usually being exposed to sunlight and therefore this was an important 
test in order to evaluate the performance of the treated fabrics. When the 8 and 16 cycles of 
UV-radiation were complete both treatments had changed color. The results show in Figure 9 
that the fluorocarbon can handle the UV exposure better than the hydrocarbon dendrimer. 

 
     Figure 9 Evaluation after UV radiation - Spray test 

The exposure is also reacting as a chemical reaction and it seems that the fluorocarbon is not 
as available for such reactions as the hydrocarbon is. After 16 cycles the fluorocarbon still 
show an acceptable spray rate of ISO 4 whilst the hydrocarbon showed an inacceptable rate of 
ISO 3,33 (appendix 13). By just looking at the bleached specimen, the authors could see that 
sufficient amount of UV-radiation had been used. This was an indication that the UV 
radiation had exposed up until a point where a customer would stop wearing the garment 
because of the discoloration. Maybe the UV radiation test was running to long in order to get 
a relevant test since a customer would not be comfortable wearing the garment even after the 
8 cycle test.  
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4.1.6 Oil	  repellency	  

The results in Figure 10 show a comparison between the fluorocarbon and hydrocarbon 
dendrimer in an initial oil repellency test. 

 
Figure 10 Evaluation - Oil repellency 

There were 7 different oil liquids with different wettability, meaning lower surface tension 
with increased oil number. Oil number 1 had a surface tension of 31mN/m and oil number 2, 
29mN/m. The fluorocarbon did withstand the first oil #1 in the test but was unable to 
withstand oil # 2 meaning the oil wet the fabric. The hydrocarbon dendrimer did not pass any 
of the oil liquids. No further oil repellency tests with the contact angle were tested since these 
initial tests didn’t withstand more than oil number 1. If these treatments would have been 
subject to simulation of usage as well, the expected results from an oil repellency tests were 
expected to be lower. The fact that the fluorocarbon was better in withstanding oil in the 
initial was expected but there was not as big of a difference as we might have expected. The 
oils are only used as a comparison between the treatments and can’t be used as a reference for 
oil in nature. Appendix 14 provides full results.  

4.1.7 Breathability	  
The sweating guarded-hotplate or skin model shows the thermal resistance for a specific 
fabric was also evaluated in order to determine the possible effect of the impregnations on the 
membrane. As seen in Figure 11 the untreated fabric with the membrane received a 41,33 
m2Pa/W average, which was used as a reference to the other treatments in order to evaluate if 
there was an effect on the composition of polyester and membrane by the treatments. Helly 
Hansen do not normally use this method in order to determine the thermal resistance whereas 
there was no comparison to be made on outdoor fabrics used today. The manufacturer did 
promise a moisture water permeability of 3000 but this was irrelevant since we were using 
another method (vapor permeability vs. thermal resistance). However, we could interpret the 
results individually and against each other. 
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Figure 11 Evaluation – Sweating guarded hotplate 

Both the fluorocarbon and the hydrocarbon dendrimer showed results, which indicate that 
these treatments did make the composition less thermal resistant, i.e. moisture vapor, can 
transport more easily through the fabric (appendix 10). This represents that the untreated is 
the most thermal resistant and the fluorocarbon is the least thermal resistant. These findings 
were not expected as we had though that if anything that the treatments were going to clog the 
fabric and make it more thermal resistant. One possible explanation for this, which correlates 
to the findings in the hydrostatic pressure test, is that the fluorocarbon did make the 
membrane to easier come off from the polyester, which might be an indication that the 
adhesive holding the two together is delaminated. The adhesive is put on and each dot is a 
place where water vapor would otherwise be unavailable to pass through. The fluorocarbon 
might have affected these dots and made it easier for the water vapor to pass through. This is 
probably not a problem for a customer since there might be a third layer protecting the 
membrane when used in an outdoor product  
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4.1.8 Hydrostatic	  pressure	  test	  

The second test, conducted in order to evaluate if the impregnations had affected the fabric 
positively or negatively, was a hydrostatic pressure test. This test method was very sensitive 
to small dents in the fabric or other impurities, which might affect the membrane. The test 
was conducted to test the waterproofness of the different treatments including the untreated 
fabric in order to compare and evaluate the difference (if any). The manufacturer promised in 
their technical data sheet a waterproof fabric with the possibility to withstand up to 
300cmH20. This test was believed to be comparable to the manufacturers technical 
information. The experimental results are presented in figure 12, which shows that the 
untreated fabric did withstand 800cm of water pressure and for the fluorocarbon and 
hydrocarbon dendrimer there was a big difference.  

 
Figure 12 Hydrostatic pressure test 

 As mentioned in the discussion for the sweating guarded-hotplate the fluorocarbon did make 
the membrane come off more easily from the polyester fabric. This was noticeable during 
testing where the membrane created a big bubble just before it bursted whereas the 
hydrocarbon and untreated fabric did not show such signs. They did instead burst directly. 
The results received were not expected and the fact that the variance between the three was so 
big was least expected where the fluorocarbon did manage an average pressure of 400cmH20 
and the hydrocarbon managed an average pressure of 1160cmH20. There is no clear 
explanation as to why the hydrocarbon dendrimer could withstand more water pressure than 
the untreated fabric. Maybe the treatment did glue, or somehow made the fabric more dense 
and able to withstand the forces when exposed to the pressure. This does not however 
correlate to the fact that the hydrocarbon was less thermal resistant in the sweating guarded-
hotplate. It would make more sense if the hydrocarbon were less waterproof after evaluating it 
in the sweating-guarding hotplate. All results are presented in appendix 9. 
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4.2 Health’s and environmental aspects 

4.2.1 Properties	  
Any information on the environmental aspect that may be connected to the structure of the 
molecules in each treatment is unknown and will be requested in further studies. The surface 
tension of silicon can be as low as 22mN/m according to Posner (2012). We do know that the 
hydrocarbon dendrimer have a surface energy below 72 mN/m since it is able to repel water, 
which surface tension is 72 mN/m and higher than 31mN/m since this was the surface tension 
of the oil tested, which wetted the surface. The aliphatic polyurethane treatment never worked 
in our experiment and no results regarding its surface energy can be assessed. In comparison 
to the perfluorinated substrate’s surface energy that is around 30 mN/m since the tested oil 1 
and 2 had surface tension between 29mN/m and 31mN/m. 

4.2.2 Work	  environment	  related	  concerns	  
Concerning the work environment related problems for the alternative treatments to 
fluorocarbons there are a numerous health concerns shown in the results table 4. It is clear 
that the organic silicone and acid compound have the least health concerns in the work 
environment. Comparing them to the fluorocarbon treatment they poses the same concerns 
according to their respectively MSDS. However, in the fluorocarbon MSDS they only show 
two compounds namely dipropylene glycol and acetic acid, and the fluoropolymer is a trade 
secret. When looking at these results alone, one can easily make the assumption that the 
fluorocarbon poses fairly minimal concerns. The regulations for the different MSDS are 
different and might interfere when comparing them. This paper also presented many health 
concerns regarding the fluorocarbons in the PFC chapter, which does show that the cocktail 
effect have a big impact and only looking at the MSDS for fluorocarbons can be unreliable 
since it does not mention any health concerns. When looking at the summarized table 4, there 
are a lot more concerns regarding the aliphatic polyurethane and hydrocarbon based 
treatments. Both pose concerns that will have to be taken into consideration when working 
with them. At the Swedish school of textile there is a fume chamber where all potentially 
hazardous chemicals where to be handled. This is a precautious action taken, in order to 
safely work with these substances. However, there is no information regarding where the 
fumes end up from the fume chamber.
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4.2.3 Environmental	  and	  ecological	  information	  
Information is collected from each compound’s MSDS 

Table 5 – Environmental and ecological information 

 Organic silicone and acid Aliphatic polyurethane Hydrocarbon Fluorocarbon 
     
Bioaccumulative No No No Not applicable 
Persistent No No No Not applicable 
Biodegradable Readily biodegradable NOT easily biodegradable Easily biodegradable (wetting agent) Not applicable (dipropylene glycol) 
   No (hydrophilic group) Easily biodegradable (Acetic acid) 
   No (crosslinker) Fluorocarbon (unknown) 
   Easily biodegradable (acetic acid)  
Degradation 
products 

Unknown Unknown Unknown Unknown 

 
Biologically 
unavailable 

 
Yes 

 
Unknown 
 

 
Unknown 
 

Unknown 

LC50     
LC50 (fish) >1000mg/L Unknown  >75ml/L (acetic acid) >75ml/L (Acetic acid) 
LC50 (daphnier) >1000mg/L Unknown Unknown -no info- (dipropylene glycol) 
LC50 (vertebrates) Unknown Unknown > 300mg/L (wetting agent)  
LC50 (vertebrates) Unknown Unknown > 100mg/L (hydrophilic group)  
LC50 (vertebrates) Unknown Unknown > 200mg/L (crosslinker)  
     
Other  Harmful to aquatic life 

with long lasting effects 
Very toxic to aquatic life with long lasting 
effects (hydrophilic group and crosslinker) 

 

   Chemicals that may present an immediate or 
delayed danger to one or more components of 
the environment (hydrophilic component) 

 

   Very toxic to aquatic life (hydrophilic group 
and crosslinker) 

 

   Will lower the pH in water and may harm 
aqueous organisms (acetic acid) 

 

Allowed in sewers in small amounts No, contact authorities No, contact authorities (for all) No, contact authorities 
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The ecological information is very important in order to evaluate the environmental effects 
the treatments might have. The organic silicone and acid treatment does in comparison show a 
higher LC50 value, which means that it is more environmentally friendly since there is need 
for a higher concentration of the chemicals in order to kill half the population in the trials. The 
comparison showed above does not contain information from the MSDS for all treatments, 
which makes it hard to evaluate. When looking at the hydrocarbon treatment and comparing it 
to the fluorocarbon there is little evidence that the hydrocarbon dendrimer is more 
environmentally friendly. It is more relevant to look at the hydrocarbons ecological 
information since this treatment did work in our experiments. The fluorocarbon does however 
only show relevant information about one component namely the acetic acid, which is also 
present in the hydrocarbon mixture. Further information on the biodegradability for the 
fluorocarbon is unknown and no relevant comparison can be made. It is worth pointing out 
again that this information only takes the specific chemicals in consideration separately and 
no ecological information when they are mixed is presented.  

4.2.4 Toxicological	  information	  
All toxicological information presented is from oral intake and reference is collected from 
each compound’s MSDS. 
 

Table 6 – Toxicological information 

 Organic 
silicone and 
acid 

Aliphatic 
polyurethane 

Hydrocarbon Fluorocarbon 

     
Hazardous 
risks 

Unknown Unknown Unknown  

LD50     
     
LD50 (mouse) >1500mg/kg 

(Organic acid) 
>350mg/kg 
(crosslinker) 

  

LD50 (mouse) >5000mg/kg 
(Organic 
silicone) 

Unknown  
(hydrophilic group) 

Unknown  
 

 

LD50 (rabbit) Unknown  >596mg/kg 
(crosslinker) 

Unknown  
 

>14850mg/kg 
(dipropylene glycol) 

LD50 (rat) Unknown  
 

Unknown  
 

> 35000mg/kg 
(wetting agent) 

 

LD50 (rat)   > 5000mg/kg 
(hydrophilic 
group) 

 

LD50 (rat)   > 7000mg/kg 
(crosslinker) 

 

LD50 (rat)    >3310 mg/kg 
(acetic acid) 

 

 
There are many health concerns explained about the fluorocarbons in the PFC chapter where 
the information is coming from other experiments regarding the toxicological information. 
This information is not available for the three tested alternative treatments since there are a lot 
of trade secrets protecting them. These treatments are also relatively new compared to the 
fluorochemistry, which contributes to the fact that not enough toxicological information is 
examined. There is even a problem when comparing the toxicological information from the 
MSDS since they have been tested using different populations. The fluorocarbon treatment 
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show a LD50  >14850mg/kg for its components dipropylene glycol on a rabbit population 
whereas the only comparable chemical is the crosslinker in the aliphatic polyurethane 
treatment with LC50 of  >596mg/kg. The second component of the two-component system for 
aliphatic polyurethane did not inform on the LD50 because this testing was not complete on 
the time of writing the MSDS. However, there was a symbol indicating that the low values for 
LD50 are classified as skull and crossbone hazard for humans.  
 
In order to evaluate the hazard for humans multiplying the number in the LD50 with 
approximately 70 would for the aliphatic polyurethane crosslinker be 350mg*70 = 
24500mg/human. This number is the theoretical amount needed in order to kill a human i.e. 
24,5g. 

4.2.5 Summarizing	  discussion	  
This study would have been both more comprehensive and more equitable if all alternative 
treatments would have showed acceptable results in the initial spray test that was crucial for 
further testing by simulated usage. It is a shame that the organic silicon dropped out in the 
beginning since it would have been very interesting to investigate the theoretical possibility of 
oil repellency discussed earlier. However, since we were so careful while handling the 
chemicals and made several impregnation attempts it is up to the chemical suppliers to 
optimize their treatments further. A final though concerning the unsuccessful treatments is 
that residues of other chemicals might have been remained in the bath prior to our 
impregnation process even if we tried to clean the apparatus thoroughly. 
 
It will be hard for anybody to replicate this study since the exact composition of chemicals in 
the alternative treatments will remain unknown with respect to the chemical suppliers. 
However, we tried to use standardized test to the extent possible since it is conventional 
methods for textile testing and if Helly Hansen wants to take this further, the transparency and 
standardized methods will facilitate that development.  
 
As discussed earlier, the fluoro chemicals are known for being chemical and heat resistance 
(Posner, 2012, Paul et al., 2008), which also was proven in this study. However, the fact that 
the perfluorinated treatment showed such low oil repellency was not expected with respect to 
the theory and requires further investigation.  

5. Conclusion 
• Before taking a new treatment in to large-scale production, time and money need 

to be prioritized to optimization in order to avoid unnecessary costs related to 
rejected products later in the supply chain. 

• For simulation of usage experiments that allowed chemical reactions, thus UV-
radiation and washing, the hydrocarbons were inferior to the fluorocarbons that 
showed greater durability.  

• For mechanical simulation of usage, thus abrasion, the hydrocarbon impregnation 
was superior the fluorocarbons that was more degraded. 

• The fluorocarbon impregnation showed superior breathability but inferior 
waterproofness than the untreated fabric, which is remarkable. Hypothetically, the 
fluorocarbons may have an impact on the adhesive between the membrane and the 
fabric. 
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When only water repellency is needed, replacing fluoro chemicals with alternative 
treatments is not difficult. But for areas where also oil repellency is required, neither the 
chemicals tested in this study, nor any other alternatives to fluoro chemicals seem to be 
good enough as of today 2013 (Schindler and Hauser, 2004, Posner, 2012). As stated 
earlier by Fletcher (2008) that durability is related to sustainability where long-lived 
products is related to environmental benefits, we have concluded that the hydrocarbon 
dendrimer is durable to mechanical but not chemical stress. However, the alternative 
treatments in this study are not yet sufficiently examined with respect to environmental 
and health and can therefore not be called greener with confidence.  

 

5.1  Further research 
Since this study aimed to compare perfluorinated DWOR-treatments with three alternatives 
but only did compare one experimentally, the following paragraphs are recommended for any 
further research to take on. 
 

• Further attempts with the aliphatic polyurethane, which procedure got approved from 
the chemical supplier should be executed.  

• Further dilution of the organic silicon and acid compound should be carried out since 
this compound showed great results when brushing it on to the fabric, hence when the 
fabric had absorbed the treatment properly.  

 
The environmental and health aspects of all repellent treatments (including the fluoro 
chemicals) need to be further investigated. There is too little knowledge of how these 
compounds affect the environment and heath of humans and animals. The before mentioned 
project with Swerea IVF and other major players in the textile business, subsidized by 
FORMAS, will try to ascertain the environmental and health aspect of alternative, water and 
oil repellent treatments, but also the performance. Whether they include the exact compounds 
evaluated in this study is not announced at the moment but presumably will similar chemicals 
be investigated. If not, further studies by chemists, biologists and physicians are 
recommended in order to evaluated how these textile treatments affect us humans, other living 
beings and the place where we all live.   
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Appendix 1 – Helly Hansen 
 
About 
 
The story of Helly Hansen started in 1877. After many years at sea, Norwegian captain Helly 
Juell Hansen and his wife Maren Margarethe began producing oilskin jackets, trousers, 
sou'westers and tarpaulins, made from coarse linen soaked in linseed oil. 
They certainly struck a nerve in the market, because over the first five years they sold 
approximately 10,000 pieces. In 1878 the company won a diploma for excellence at the Paris 
Expo, and began exporting its products. 
In the 20th century, Helly Hansen made several breakthroughs in product development to 
complete the layering principle today known as the 3-Layer System™. In 1949 the Helox, a 
thin sheet of translucent PVC plastic sewn into waterproof coats, took over for the oilbased 
outerwear and became the must-have protection for outdoor use. With a production of 30,000 
coats each month the success was almost immediate. 
The original fleece, the fiberpile, was developed in 1961 and has been perfected for almost 50 
years since. This new insulation layer was warm, lightweight and fast-drying, ideal for 
wearing under the protective layer. It was soon embraced by workers because it offered 
extraordinary insulation against the cold, and ventilated well during hard, physical work. It 
even protected against snow and light rain, staying extremely durable and warm after many 
washes. 
The layering story was completed in the 1970s, with the development of LIFA. This wonder-
fiber, used in LIFA, kept the skin dry and warm by pushing moisture away from the body, 
making it the ideal baselayer fabric for outdoor and workwear use. The latest generation of 
LIFA is still used in our baselayers today. 
In 1980, the Helly Tech technology was launched, using both hydrophilic and microporous 
technology, which meant the apparel was both waterproof and breathable. This meant that 
anyone who participated in high-activity outdoor sports could expect their clothing to work 
with them, not against them. The evolution of breathable, waterproof jackets had a profound 
effect on the outdoor industry. Helly Hansen now produced technical outerwear garments. 
The heritage from Helly Juell Hansen is still our cornerstone. Today our gear is used by 
world-class sailors, skiers and adventurers who spend their time between human will and 
nature’s forces, and demand full protection and performance when the conditions are at their 
worst. 
 
Brand CST Positioning system  
As a Scandinavian company, we are extremely passionate about the outdoors, and we’re 
committed to running an environmentally and socially aware business. 
Be Good, Be Nice is a simple yet holistic summary of our approach. It reflects how we work, 
how we engage with our internal and external communities, and how we think of the 
environment. 
Be Good, Be Nice is a philosophy put in action – and a trail marker on a journey. And while 
we’ve taken some significant and meaningful steps forward, we know that we can, and must 
continue to challenge ourselves and our communities, to make more and further reaching 
progress. 
Environmental Policy 
Overall goals 
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 HH wants to contribute to sustaining our oceans, mountains and forests and to 
minimizing climate change so that we and future generations can enjoy the great 
outdoors and all it has to offer. 

 HH can not save the environment on its own. We will, however, be the leading 
Scandinavian contributor to creating a more sustainable sporting goods industry. 

 HH will take a holistic approach to its environmental commitment. We will improve 
our environmental footprint through closer cooperation with suppliers and customers, 
as well as improving internal processes. 
 

Product goals 
 Our products should always be of the highest quality and durability and do not 

necessitate seasonal replacement. 
 We will not knowingly ever used banned chemicals, and will be in compliance with 

governmental initiatives such as REACH in Europe. 
 We will work with Bluesign (see www.bluesign.com) to improve the sustainability of 

our entire supply chain: 
o Energy usage 
o Chemical use and emissions 
o Water usage 

 We will commit to finding and using more environmentally sound alternatives to 
existing fabrics, chemicals, and processes. These maybe natural or synthetic solutions 
depending on overall footprint. 

 We will always have a part of our collection that is solely dedicated to experimenting 
with new environmental fabrics, processes and technologies (Ekolab). 

Marketing goals 
 We will communicate openly our position on environmental issues. 
 We are dedicated to using recycled or recyclable packaging only for our products and 

within our stores, and to reduce our use to a commercially viable minimum. 
 We will commit to introducing reusable bags in all our stores. 
 We will continue to create our own environmental initiatives such as the Keep Our 

Water Blue in Japan. 
 We will continue to support local environmental initiatives that are relevant for our 

core activities of sailing, skiing and hiking.  
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Appendix 2 – Wet-pick-up 
Determination of foulard pressure before full-scale impregnation in 
tenter frame 
 
Principle 
Circular specimen is weighted in dry condition before being dipped in the chemical solution 
and later executed through the foulard (roller). The pressure on the foulard and the specimens 
weight in wet condition is recorded in order to calculate the wet-pick-up percentage related to 
the specific pressure on the foulard. 
 
Apparatus  
Foulard with tenter frame 
Container for mixing the chemicals 
Scale (0,00 g accuracy)  
Standard fabric cutter 
Scissors 
Calculator 
Blender 
Washing machine for rinsing 
Proper protective gear  
 
Specimen 
Polyurethane laminated polyester fabric  
6 pcs, 100cm2 
14 pcs, varying size 
 
Treatment chemicals 
Hydrocarbon based compound (HC)  
Aliphatic polyurethane emulsion (PU)  
 
Conditioning and testing atmosphere 
Temperature:      20±2°C.  
Humidity:       50±15% 
Relative Humidity (RH). 
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Procedure 
1. Read the MSDS (Material Safety Data Sheet). 
2. Cut out the specimen, mark and record the dry weight of them all 
3. Condition the specimen in open air for 2 hours 
4. Prepare the chemicals in accordance with the provided instructions 
5. Turn on the foulard and start with the lowest roller pressure (often 1 bar). 
6. Apply the formulation to the fabric by dipping the specimen in the formulation 
7. Let the specimen go through the foulard  
8. Remove the specimen and record the wet weight 
9. Calculate the wet-pick-up rate by dividing the wet weight with the dry weight 
10. Repeat Step 6-9 with at least three specimens before changing the roller pressure and 

calculate the mean wet-pick-up rate. Increase the pressure until the desired wet-pick-
up rate is reached.  

 
Results 
Aliphatic polyurethane emulsion 
Specimen 
no. 

Dry weight (gram) Wet weight 
(gram) 

Pressure on 
foulard 

Wet-pick-up 
(%) 

1 1,49 2,41 1,5 62 
2 1,49 2,39 1,5 60 
3 1,49 2,40 1,5 61 
4 1,49 2,34 2 57 
5 1,49 2,34 2 57 
6 1,49 2,32 2 55 
 
Aliphatic polyurethane emulsion 
Specimen 
no. 

Dry weight (gram) Wet weight 
(gram) 

Pressure on 
foulard 

Wet-pick-up 
(%) 

1 2,74 4,57 1,5 67 
2 2,74 4,62 1,5 69 
3 2,53 4,3 1,5 70 
4 3,48 5,69 1,7 64 
5 3,15 5,21 1,7 65 
6 2,41 3,91 1,7 62 
7 4,18 6,93 1,8 65 
8 4,65 7,68 1,8 65 
9 3,45 5,59 1,8 62 
10 3,74 6,06 1,8 62 
11 3,45 5,45 1,8 58 
12 3,64 5,93 2 63 
13 2,76 4,47 2 62 
14 2,68 4,4 2 64 
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Appendix 3 – Optimization of Wet-pick-up for Organic 
Silicon Compound 
Determination of foulard pressure and dilution for best 
performance 
 
Principle 
Circular specimen is weighted in dry condition before being dipped in the chemical solution 
and later executed through the foulard (roller). The pressure on the foulard and the specimens 
weight in wet condition is recorded in order to calculate the wet-pick-up percentage related to 
the specific pressure on the foulard. The different percentage of wet-pick-up rate in the fabric 
is later evaluated by spray testing (See Appendix 3). 
 
Apparatus  
Foulard with tenter frame 
Container for mixing the chemicals 
Scale 
Standard fabric cutter, 100cm2 
Scissors 
Calculator 
Washing machine for rinsing (Electrolux Wascator FLE120FC) 
Proper protective gear  
Fume chamber 
 
Specimen 
Polyurethane laminated Polyester fabric  
6 pcs, 100cm2 
11 pcs, 400cm2 
 
Treatment chemicals 
Organic silicon compound (OS) – premixed form supplier 
 
Conditioning and testing atmosphere 
Temperature:    20±2°C.  
Humidity:     50±15% Relative Humidity (RH). 
 
Procedure 

11. Read the MSDS (material safety data sheet). 
12. Cut out the specimen, mark and record the dry weight of them all 
13. Condition the specimen in open air for 2 hours 
14. Prepare the chemicals in accordance with the provided instructions  
15. Turn on the foulard and start with the lowest roller pressure (often 1 bar). 
16. Apply the formulation to the fabric by dipping the specimen in the formulation 
17. Let the specimen go through the foulard 
18. Remove the specimen and record the weight 
19. Calculate the wet-pick-up rate by dividing the wet weight with the dry weight 
20. Cure in oven for 5 minutes in 150°C 
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a. Each specimen should dry in the same amount of time before going into the 
oven.  

 Rinse the fabric for 10 minutes in a home laundry machine 
 Cure the specimen again for 5 minutes in 150°C 
 Repeat Step 6-12 for all specimen and increase the roller pressure if a lower 
wet-pick-up rate is desired.  
 
Deviation from procedure 
Because of too high viscosity the organic silicon compound was not absorbed by the fabric 
when dipped in the formulation (Batch 1). Another attempt of brushing on the mixture was 
tried out (Batch 2) but since all treatments must work in commercial, full-scale production, 
this method was rejected even if the spray test results were 4-5  (Appendix 3). Instead, the 
chemical solution was diluted with water, first 10% (Batch 3) and later also 20% (Batch 4). 
 
Results 
Organic silicon and acid - Batch 1, Dipped in the chemical solution 
Cured in small-scale tenter 
Specimen 
no.  

Dry weight (gram) Wet weight 
(gram) 

Pressure on 
foulard 

Wet-pick-up 
(%) 

1 6,16 10,10 1 64 
2 5,71 8,97 2,5 57 
3 6,12 9,57 4 56 
4 6,84 10,46 5 53 
5 6,66 9,95 6 49 
 
Organic silicon and acid - Batch 2, Chemical solution brushed on to specimen 
Cured in small-scale tenter 
Specimen 
no. 

Dry weight 
(gram) 

Wet weight 
(gram) 

Pressure on 
foulard 

Wet-pick-up 
(%) 

6 6,65 10,49 2 58 
7 6,55 10,32 2 58 
8 6,62 9,95 4 50 
9 6,7 10 4 49 
10 6,59 9,57 6 45 
11 6,56 9,52 6 45 
 
Organic silicon and acid - Batch 3, Diluted 10%  
Cured in full-scale tenter 
Specimen 
no. 

Dry weight 
(gram) 

Wet weight 
(gram) 

Pressure on 
foulard 

Wet-pick-up 
(%) 

1 1,49 2,35 1 58 
2 1,49 2,17 1 45 
3 1,49 2,03 1 38 
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Organic silicon and acid - Batch 4, Diluted 20% 
Cured in full-scale tenter 
Specimen 
no. 

Dry weight 
(gram) 

Wet weight 
(gram) 

Pressure on 
foulard 

Wet-pick-up 
(%) 

1 1,49 2,40 1 61 
2 1,49 2,36 1 58 
3 1,49 2,20 1 48 
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Appendix 4 – Evaluation of wet-pick-up for Organic Silicon 
– Spray Test 
ISO 24 920:1992 – Textiles – Determination of resistance to surface 
wetting (spray test) of fabrics 
 
Principle 
The specimen is mounted on a ring and placed at a specified angle at the spray device so that 
the spray nozzle is at a specified distance from the specimen. A specified amount of distilled 
or deionized water is sprayed on the specimen and when the water holder is empty the 
appearance of the specimen is evaluated and compared with descriptive standards and 
photographs in order to determine the spray rating. 
 
Apparatus 
Spray device, metal nozzle and specimen holder 
Distilled water with a temperature of 20±2°C 

 
 
Specimen 
Polyurethane laminated Polyester fabric with organic silicon impregnation (will be 
referred to as ‘OC’ followed by the specimen number in results) 
6 pcs, 100cm2 
11 pcs, 400cm2 

 
Conditioning and testing atmosphere 
Testing and conditioning temperature:             20±2°C.  
Testing and conditioning humidity:    50±15% Relative 
Humidity (RH). 
 
Deviation from apparatus/procedure 
No conditioning of specimen. 
Tap water instead of distilled water. 
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Results 
Organic silicon and acid - Batch 1, Dipped in the chemical solution 
Cured in small-scale tenter frame 
Specimen no.  Wet-pick-up (%) Spray test rate Spray test rate (1 wash) 
1 64 ISO 3     (80) ISO 2     (70) 
2 57 ISO 4,5  (95) ISO 3     (80) 
3 56 ISO 2,5  (75) ISO 2     (70) 
4 53 ISO 3,5  (85) ISO 3,5  (85) 
5 49 ISO 2     (70) ISO 3     (70) 
 
 
Organic silicon and acid - Batch 2, Chemical solution brushed on to specimen 
Cured in small-scale tenter frame 
Specimen no. Wet-pick-up 

(%) 
Spray test rate Spray test rate, 

1 wash 
Spray test rate, 
5 washes 

6 58 5 (100) 5 (100) 5 (100) 
7 58 5 (100) 5 (100) 5 (100) 
8 50 5 (100) 5 (100) 5 (100) 
9 49 5 (100) 5 (100) 5 (100) 
10 45 5 (100) 5 (100) 5 (100) 
11 45 5 (100) 5 (100) 5 (100) 
 
Organic silicon and acid - Batch 3, Diluted 10%  
Cured in full-scale tenter frame 
Specimen no. Wet-pick-up (%) Spray test rate 
1 58 2     (70) 
2 45 2     (70) 
3 38 1,5  (65) 
 
Organic silicon and acid - Batch 3, Diluted 20%  
Cured in full-scale tenter frame 
Specimen no. Wet-pick-up (%) Spray test rate 
1 61 3     (80) 
2 58 2,5  (75) 
3 48 2     (70) 
 
Key 
ISO 5 (AATCC4 100) – No sticking or wetting of upper surface 
ISO 4 (AATCC 90) – Slight random sticking or wetting of upper surface 
ISO 3 (AATCC 80) – Wetting of upper surface at spray points 
ISO 2 (AATCC 70) – Partial wetting of whole of upper surface 
ISO 1 (AATCC 60) – Complete wetting of whole of upper surface. 
 
 

                                                
4 Comparable spray rate in American standard method, AATCC - American Association of 
Chemists and Colorists (http://www.aatcc.org/). 



10 
 

Appendix 5 – Evaluation of full-scale impregnation – Spray 
Test 
ISO 24 920:1992 – Textiles – Determination of resistance to surface 
wetting (spray test) of fabrics 
 
Principle 
The specimen is mounted on a ring and placed at a specified angle at the spray device so that 
the spray nozzle is at a specified distance from the specimen. A specified amount of distilled 
or deionized water is sprayed on the specimen and when the water holder is empty the 
appearance of the specimen is evaluated and compared with descriptive standards and 
photographs in order to determine the spray rating. 
 
Apparatus 
Spray device, metal nozzle and specimen holder 
Distilled water with a temperature of 20±2°C 
 
Specimen 
Polyurethane laminated polyester fabric with hydrocarbon impregnation (will be 
referred to as ‘HC’ followed by the specimen number in results) 
3 pcs 18x18 cm 
Polyurethane laminated polyester fabric with organic silicon impregnation (will be 
referred to as ‘OC’ followed by the specimen number in results) 
3 pcs 18x18 cm 

Polyurethane laminated polyester fabric with aliphatic polyurethane impregnation (will 
be referred to as ‘PU’ followed by the specimen number in results) 
3 pcs 18x18 cm 

Polyurethane laminated polyester fabric with fluorocarbon (C6) impregnation (will be 
referred to as ‘FC’ followed by the specimen number in results) 
3 pcs 18x18 cm 

 
Conditioning and testing atmosphere 
Testing and conditioning temperature:   20±2°C.  
Testing and conditioning humidity:   50±15% Relative Humidity (RH). 
 
Deviation from apparatus/procedure 
No conditioning of specimen. 
Tap water instead of distilled water. 
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Results 
Specimen no. Spray Rating 
HC-1 5     (100) 
HC-2 5     (100) 
HC-3 5     (100) 
OC-1 2     (70) 
OC-2 2,5  (75) 
OC-3 2     (70) 
PU-1 1     (60) 
PU-2 1     (60) 
PU-3 1,5  (65) 
FC-1 5     (100) 
FC-2 5     (100) 
FC-3 5     (100) 
 
 
Key 
ISO 5 (AATCC5 100) – No sticking or wetting of upper surface 
ISO 4 (AATCC 90) – Slight random sticking or wetting of upper surface 
ISO 3 (AATCC 80) – Wetting of upper surface at spray points 
ISO 2 (AATCC 70) – Partial wetting of whole of upper surface 
ISO 1 (AATCC 60) – Complete wetting of whole of upper surface. 
 
 
 

	   	  

                                                
5 Comparable spray rate in American standard method, AATCC - American Association of 
Chemists and Colorists (http://www.aatcc.org/). 
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Appendix 6 – Washing Procedure 
ISO 6330:2000 – Textiles – Domestic washing and drying 
procedures for textile testing 
 
Principle 
Specimen is being washed and dried in specific apparatus with specific ballast and detergents. 
Different procedures for washing and drying are specified in the standard. 
 
Apparatus 
Type A Washer – Front loading, horizontal drum type – Wascator FOM 71MP 
Dryer of the rotary tumble type – Wascator TT71 
Ballast for Type A machines – 100% polyester fabric for a total dry mass of 2 kg including 
the specimen 
Detergent – “ICA Parfymfri Kulörtvätt”, none-phosphate without brightener 
 
Procedure 
Procedure number 6A was used for all specimen washed at different times. 
Procedure E – Tumble dry was used for 20 minutes at Program D – Kulörtvätt-Vittvätt 
 
Deviation from procedure 
Reference detergent was not used.  
The “ICA Parfymfri Kulörtvätt” declaration of contents is: 
Nonionic surfactants  5-15% 
Zeolite    5-15% 
Polycarboxylate  <5% 
Soap    <5% 
Also containing: sodium carbonate, sodium chloride, sodium silicate, cellulose gum, 
trisodium, dicarboxymethyl alaninate, hydrated silica. 
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Appendix 7 – Abrasion resistance 
ISO 12947-2: 1998 – Textiles – Determination of abrasion resistance 
of fabrics by the Martindale method – Part 2: Determination of 
specimen breakdown 
 
Principle 
A circular specimen mounted in a specimen holder and exposed to a defined load will be 
rubbed against chosen abrasive medium in a translational movement following a Lissajous 
figure. The evaluation of the fabric’s abrasion resistance is determined by interval inspection 
until the fabric is broken.  
 
Apparatus  
Test apparatus as specified in ISO 12947-1 
 
Specimen 
Polyurethane laminated polyester fabric with hydrocarbon impregnation (will be 
referred to as ‘HC’ followed by the specimen number in results) 
Test specimens - 9 pcs, 38 mm in diameter 
Abrasion specimen – 9 pcs, 140 mm in diameter 
Polyurethane laminated polyester fabric with fluorocarbon (C6) impregnation (will be 
referred to as ‘FC’ followed by the specimen number in results) 
Test specimens - 9 pcs, 38 mm in diameter 
Abrasion specimen – 9 pcs, 140 mm in diameter 
 
Conditioning and testing atmosphere 
Standard temperate atmosphere for conditioning and testing of textiles according to ISO 139 
have been used: 
 
Temperature:    20±2°C.  
Humidity:     65±5% Relative Humidity (RH). 
 
Procedure 
Abrasion load parameters used was a nominal pressure of 9kPa (595±7 g) for apparel and 
household textiles. 
Test series used was 125, 1000, 5000, 10 000 cycles.  
 
Deviation from procedure 
Test material against test material was used instead of wool, cotton or glass paper since this 
abrasion intended to simulate garment usage. 
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Appendix 8 – UV-radiation 
 
ISO 4892-3:2006 – UV – Plastics. Methods of exposure to laboratory 
light sources. Part 2 - Xenon-arc lamps 
 
 
Principle 
This part of ISO 4892 specifies methods for exposing specimens to fluorescent UV radiation 
and heat in apparatus designed to reproduce the weathering effects that occur when materials 
are exposed in actual end-use environments to daylight, or to daylight through window glass. 
The specimens are exposed to fluorescent UVA 340 lamps under controlled environmental 
conditions (temperature, humidity and/or water). Different types of fluorescent UV lamp may 
be used to meet all the requirements for testing different materials. 
 
Apparatus 
UV radiation machine: Atlas UV-tester 
Fluorescent UV: 0,76 W/m2nm (at 340nm), 60°C 

Specimen 
Polyurethane laminated polyester fabric with hydrocarbon impregnation (will be 
referred to as ‘HC’ followed by the specimen number in results) 
6 pcs 25x25 cm 
Polyurethane laminated polyester fabric with fluorocarbon (C6) impregnation (will be 
referred to as ‘FC’ followed by the specimen number in results) 
6 pcs 25x25 cm  
Procedure 
The machine is designed to simulate weather conditions. The fluorescent lights are turned on 
for 8 hours and then turned off for 4 hours hence one cycle is completed. The temperature is 
60°C and 50°C respectively. When the fluorescent lights are off, condensation will induce, 
hence simulating weather/day/night conditions.  
3 pieces from each sample group were exposed to different amounts of time. The first three 
samples from each group went through 8 cycles and the last three pieces want through 16 
cycles. 
Deviation from procedure 
The placement holders for the specimens were put together in order to hold a larger specimen. 
This was essential in order to continue with spray test - ISO EN 24 920:1992 
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Appendix 9 – Hydrostatic Pressure 
ISO SS-EN 20 811:1992 – Textiles – Determination of resistance to 
water penetration – Hydrostatic pressure test 
 
Principle 
Specimen is placed in the apparatus with the surface being tested facing the water nozzle. The 
rate of which the water pressure will increase is set and the test starts. When a selected 
amount of water drops have penetrated the fabric, the measurement stops and the actual water 
pressure (cm H2O) is recorded.  
 
Apparatus 
SDL-Atlas Hydrostatic Head Tester M018  
Distilled water with a temperature of 20±2°C. 
 
Specimen 
Polyurethane laminated polyester fabric with no impregnation (will be referred to as ‘U’ 
followed by the specimen number in results) 
5 pcs, 150 cm2 

Polyurethane laminated polyester fabric with hydrocarbon impregnation (will be 
referred to as ‘HC’ followed by the specimen number in results) 
5 pcs, 150 cm2 
Polyurethane laminated polyester fabric with fluorocarbon (C6) impregnation (will be 
referred to as ‘FC’ followed by the specimen number in results) 
5 pcs, 150 cm2 

 

Conditioning and testing atmosphere 
Pre-conditioning of samples for 24 hours before testing. 
 
Testing and conditioning temperature:   20±2°C.  
Testing and conditioning humidity:   65±2% Relative Humidity (RH). 
 
Procedure 
Water pressure was applied from underneath the fabric, with the fabric surface pointing 
towards the water, hence the outer surface was tested. 
The increase of water pressure rate was 60±3 cm H2O /min6 
  

                                                
6 This relates to pressure in millibars. 
 1 cm H2O ≈	 1 mbar 
 1 cm H2O = 98,0665 Pa (exactly) (1 mbar=100 Pa) 
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Results 
Specimen 
No. 

Pressure 
gradient 
(cmH20/min) 

Alarm 
Pressure 
(cmH20) 

Actual 
Pressure 
(cmH20) 

Pass or fail Comment 

HC-1 60 3000 1139,2 Pass  

HC-2 60 3000 169,4 Fail Hole from 
start 

HC-3 60 3000 1146,3 Pass  

HC-4 60 3000 1242,7 Pass  

HC-5 60 3000 1032,4 Pass  

Mean 
value: 

60 3000 1140,15   

StaDeva   85,95   

FC6-1 60 3000 278,1 Pass Big hole on 
membrane 

FC6-2 60 3000 219,3 Pass Big hole on 
membrane 

FC6-3 60 3000 343,3 Pass Big hole on 
membrane 

FC6-4 60 3000 717,1 Pass  

FC6-5 60 3000 568,5 Pass  

Mean 
value: 

  425,26   

StaDeva   210,04   

U-1 60 3000 1071,6 Pass  

U-2 60 3000 97,1 Fail Hole from 
start 

U-3 60 3000 852,9 Pass  

U-4 60 3000 1162,1 Pass  

U-5 60 3000 827,6 Pass  

Mean 
value: 

60 3000 802,26   

StaDeva   164,23   

 
Red marked values that failed is not included in the mean value since it would decrease the 
reliability of the measurement. 
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Appendix 10 – Sweating Guarded–Hotplate Test 
ISO 11092:1993(E) – Textiles – Physiological effects – Measurement 
of thermal and water-vapor resistance under steady-state 
conditions (Sweating guarded-Hotplate test) 
 
Principle 
This International Standard specifies methods for measuring thermal resistance and water 
vapor resistance of e.g. fabrics, films and coatings. The method intends to simulate the heat 
and mass transfer processes occurring next to human skin in order to evaluate the 
physiological comfort of the material. The apparatus works in different environmental 
conditions (including e.g. temperature, humidity, air speed) and measure how both heat and 
mass are transported through the material, simultaneously or separately.  
 
Apparatus  
Conditioning chamber 
Weiss measuring unit with temperature and water supply control 
Plastic bag 
Water-vapor impermeable adhesive tape 
 
Specimen 
Polyurethane laminated polyester fabric with no impregnation (will be referred to as ‘U’ 
followed by the specimen number in results) 
3 pcs, 25x25 cm 

Polyurethane laminated polyester fabric with hydrocarbon impregnation (will be 
referred to as ‘HC’ followed by the specimen number in results) 
3 pcs, 25x25 cm 
Polyurethane laminated polyester fabric with fluorocarbon (C6) impregnation (will be 
referred to as ‘FC’ followed by the specimen number in results) 
3 pcs, 25x25 cm 
 

Conditioning and testing atmosphere 
Pre-conditioning of samples for 24 hours before testing. 
 
Testing and conditioning temperature:   35±2°C.  
Testing and conditioning humidity:   40% Relative Humidity (RH). 
Air speed    1 m/s 
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Results 
Specimen Ret [m²Pa/W] 
FC6-1 23,1 
FC6-2 22,2 
FC6-3 26,6 
Average: 23,97 
StaDeva 2,32 
HC-1 37,0 
HC-2 31,5 
HC-3 37,7 
Average: 35,41 
StaDeva 3,39 
U-1 41,6 
U-2 38,1 
U-3 44,3 
Average: 41,33 
StaDeva 3,1 
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Appendix 11 – Evaluation after Washing - Spray Test 
ISO EN 24 920:1992 – Textiles – Determination of resistance to 
surface wetting (spray test) of fabrics 
 
Principle 
The specimen is mounted on a ring and placed at a specified angle at the spray device so that 
the spray nozzle is at a specified distance from the specimen. A specified amount of distilled 
or deionized water is sprayed on the specimen and when the water holder is empty the 
appearance of the specimen is evaluated and compared with descriptive standards and 
photographs in order to determine the spray rating. 
 
Apparatus 
Spray device, metal nozzle and specimen holder 
Distilled water with a temperature of 20±2°C 
 
Specimen 
Polyurethane laminated polyester fabric with hydrocarbon impregnation (will be 
referred to as ‘HC’ followed by the specimen number in results) 
3 pcs 20x20 cm, 1 wash 
3 pcs 20x20 cm, 5 washes 
3 pcs 20x20 cm, 10 washes 

Polyurethane laminated polyester fabric with fluorocarbon (C6) impregnation (will be 
referred to as ‘FC’ followed by the specimen number in results) 
3 pcs 20x20 cm, 1 wash 
3 pcs 20x20 cm, 5 washes 
3 pcs 20x20 cm, 10 washes 

 
Conditioning and testing atmosphere 
Testing temperature:    20±2°C.  
Testing humidity:    50±15% Relative Humidity (RH). 
 
Deviation from apparatus/procedure 
No conditioning of specimen. 
Tap water instead of distilled water. 
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Results 
Specimen no. No. of washes Spray Rating 
HC-1 1 5     (100) 
HC-2 1 5     (100) 
HC-3 1 5     (100) 
FC-1 1 5     (100) 
FC-2 1 5     (100) 
FC-3 1 5     (100) 
 
 
Specimen no. No. of washes Spray Rating 
HC-4 5 5     (100) 
HC-5 5 5     (100) 
HC-6 5 5     (100) 
FC-4 5 5     (100) 
FC-5 5 5     (100) 
FC-6 5 5     (100) 
 
 
Specimen no. No. of washes Spray Rating 
HC-7 10 2,5  (100) 
HC-8 10 2     (100) 
HC-9 10 3     (100) 
StaDeva  0,5 
FC-7 10 5     (70) 
FC-8 10 4     (75) 
FC-9 10 4     (70) 
StaDeva  0,57 
 
 
Key 
ISO 5 (AATCC7 100) – No sticking or wetting of upper surface 
ISO 4 (AATCC 90) – Slight random sticking or wetting of upper surface 
ISO 3 (AATCC 80) – Wetting of upper surface at spray points 
ISO 2 (AATCC 70) – Partial wetting of whole of upper surface 
ISO 1 (AATCC 60) – Complete wetting of whole of upper surface. 
 
 
 

	   	  

                                                
7 Comparable spray rate in American standard method, AATCC - American Association of 
Chemists and Colorists (http://www.aatcc.org/). 
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Appendix 12 - Evaluation after abrasion – Spray Test 
ISO EN 24 920:1992 – Textiles – Determination of resistance to 
surface wetting (spray test) of fabrics 
 
Principle 
The specimen is mounted on a ring and placed at a specified angle at the spray device so that 
the spray nozzle is at a specified distance from the specimen. A specified amount of distilled 
or deionized water is sprayed on the specimen and when the water holder is empty the 
appearance of the specimen is evaluated and compared with descriptive standards and 
photographs in order to determine the spray rating. 
 
Apparatus 
Spray device, metal nozzle and specimen holder 
Distilled water with a temperature of 20±2°C 
 
Specimen 
Polyurethane laminated polyester fabric with a hydrocarbon impregnation (will be 
referred to as HC followed by the specimen number in results) 
3 pcs 20x20 cm, Martindale 1000 cycles 
3 pcs 20x20 cm, Martindale 5000 cycles 
3 pcs 20x20 cm, Martindale 10 000 cycles 
Polyurethane laminated polyester fabric with fluorocarbon (C6) impregnation (will be 
referred to as FC followed by the specimen number in results) 
3 pcs 20x20 cm, Martindale 1000 cycles 
3 pcs 20x20 cm, Martindale 5000 cycles 
3 pcs 20x20 cm, Martindale 10 000 cycles 
 
Conditioning and testing atmosphere 
Testing and conditioning temperature:   20±2°C.  
Testing and conditioning humidity:   50±15% Relative Humidity (RH). 
 
Deviation from apparatus/procedure 
No conditioning of specimen. 
Tap water instead of distilled water. 
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Results 
Specimen no. Martindale cycles Spray Rating 
HC-1  1000 4-5  (95) 
HC-2 1000 5     (100) 
HC-3 1000 5     (100) 
StaDeva  0 
FC-1 1000 4     (90) 
FC-2 1000 4     (90) 
FC-3 1000 4     (90) 
StaDeva  0 
     
 
Specimen no. Martindale cycles Spray Rating 
HC-4  5000 5     (100) 
HC-5 5000 5     (100) 
HC-6 5000 5     (100) 
StaDeva  0 
FC-4 5000 4     (90) 
FC-5 5000 3     (80) 
FC-6 5000 4     (90) 
StaDeva  0,57 
 
Specimen no. Martindale cycles Spray Rating 
HC-7  10 000 5     (100) 
HC-8 10 000 5     (100) 
HC-9 10 000 5     (100) 
StaDeva  0 
FC-7 10 000 3-4  (85) 
FC-8 10 000 3     (80) 
FC-9 10 000 3-4  (85) 
StaDeva  0,28 
 
 
 
Key 
ISO 5 (AATCC8 100) – No sticking or wetting of upper surface 
ISO 4 (AATCC 90) – Slight random sticking or wetting of upper surface 
ISO 3 (AATCC 80) – Wetting of upper surface at spray points 
ISO 2 (AATCC 70) – Partial wetting of whole upper surface 
ISO 1 (AATCC 60) – Complete wetting of whole upper surface. 

	   	  

                                                
8 Comparable spray rate in American standard method, AATCC - American Association of 
Chemists and Colorists (http://www.aatcc.org/).  
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Appendix 13 – Evaluation after UV - Spray Test 
ISO EN 24 920:1992 – Textiles – Determination of resistance to 
surface wetting (spray test) of fabrics 
 
Principle 
 
The specimen is mounted on a ring and placed at a specified angle at the spray device so that 
the spray nozzle is at a specified distance from the specimen. A specified amount of distilled 
or deionized water is sprayed on the specimen and when the water holder is empty the 
appearance of the specimen is evaluated and compared with descriptive standards and 
photographs in order to determine the spray rating. 
 
Apparatus 
 
Spray device, metal nozzle and specimen holder 
Distilled water with a temperature of 20±2°C 
 
Specimen 
 
Polyurethane laminated polyester fabric with hydrocarbon impregnation (will be 
referred to as ‘HC’ followed by the specimen number in results) 
3 pcs 20x20 cm, 1 wash 
3 pcs 20x20 cm, 5 washes 
3 pcs 20x20 cm, 10 washes 

Polyurethane laminated polyester fabric with fluorocarbon (C6) impregnation (will be 
referred to as ‘FC’ followed by the specimen number in results) 
3 pcs 20x20 cm, 1 wash 
3 pcs 20x20 cm, 5 washes 
3 pcs 20x20 cm, 10 washes 

 
Conditioning and testing atmosphere 
 
Testing and conditioning temperature:   20±2°C.  
Testing and conditioning humidity:   50±15% Relative Humidity (RH). 
 
Deviation from apparatus/procedure 
 
No conditioning of specimen. 
Tap water instead of distilled water. 
 
 
 
 
 
 
 
Results 
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Specimen no. No. of UV cycles Spray Rating 
HC-1 8 ISO 3,5 
HC-2 8 ISO 3,5 
HC-3 8 ISO 3,5 
FC-1 8 ISO 5 
FC-2 8 ISO 5 
FC-3 8 ISO 5 
 
Specimen no. No. of UV cycles Spray Rating 
HC-4 16 ISO 3 
HC-5 16 ISO 3,5 
HC-6 16 ISO 3,5 
StaDeva  0,28 
FC-4 16 ISO 4 
FC-5 16 ISO 4 
FC-6 16 ISO 4 
 
Key 
ISO 5 (AATCC9 100) – No sticking or wetting of upper surface 
ISO 4 (AATCC 90) – Slight random sticking or wetting of upper surface 
ISO 3 (AATCC 80) – Wetting of upper surface at spray points 
ISO 2 (AATCC 70) – Partial wetting of whole of upper surface 
ISO 1 (AATCC 60) – Complete wetting of whole of upper surface. 
 
 
 
 
 

	   	  

                                                
9 Comparable spray rate in American standard method, AATCC - American Association of 
Chemists and Colorists (http://www.aatcc.org/). 
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Appendix 14 - Oil Repellency 
SS-EN ISO 14419:2010 (E) – Textiles – Oil repellency – Hydrocarbon 
resistance test 
 
Principle 
Standardized test liquids consisting of hydrocarbons with different surface tension are 
dropped on the sample surface and then observed for absorption, wicking and contact angle. 
The oil repellency grade is equal to the number of the test liquid, which is not absorbed by the 
sample surface. 
 
Specimen 
Polyurethane laminated polyester fabric with a hydrocarbon impregnation (will be 
referred to as HC followed by the specimen number in results) 
3 pcs 20x20 cm, Martindale 1000 cycles 
3 pcs 20x20 cm, Martindale 5000 cycles 
3 pcs 20x20 cm, Martindale 10 000 cycles 
Polyurethane laminated polyester fabric with fluorocarbon (C6) impregnation (will be 
referred to as FC followed by the specimen number in results) 
3 pcs 20x20 cm, Martindale 1000 cycles 
3 pcs 20x20 cm, Martindale 5000 cycles 
3 pcs 20x20 cm, Martindale 10 000 cycles 
 
Conditioning and testing atmosphere  
No pre-conditioning of samples. 
Testing temperature: 20±2°C.  
Testing humidity: 50±15% Relative Humidity (RH). 
 
Deviation from procedure 
No textile blotting paper was used. 
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Results 
 
Specimen No. Oil 1 Oil 2 Oil 

3 
Oil 4 Oil 5 Oil 6 Oil 7 Result 

FC-1 A B - - - - - 1,5 
FC-2 A B - - - - - 1,5 
FC-3 A B - - - - - 1,5 
HC-1 C - - - - - - 0 
HC-2 C - - - - - - 0 
HC-3 C - - - - - - 0 
 
Key 
A = Passes; clear, well-rounded drop 
B = Borderline pass; rounding drop with partial darkening 
C = Fails; wicking apparent and/or complete wetting 
D = Fails; complete wetting 
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Appendix 15 - Contact Angle 
Measuring contact angle between solid material and a liquid 
droplet 
 
Principle 
A droplet of chosen liquid and size is placed on the specimen while a camera records the 
sequence with chosen frequency in frames per second (fps). Each picture is analyzed by 
associated software to find the right and left contact angle between the droplet and the solid 
material and calculate the mean value of all the recorded contact angles. 
 
Apparatus  
OneAttention Theta – Optical Tensionmeter 
Distilled water with a temperature of 20±2°C 
 
Specimen 
Polyurethane laminated polyester fabric with a hydrocarbon impregnation 
 
Conditions 
No conditioning of specimen before testing. 
 
Test liquid   Distilled water 
Droplet size   8 µl 
Time of recording  10 seconds 
Frequency of recording  12 fps 
 
Results 
The results below shows a standard deviation 14,31° for the mean value of the contact angle. 
 
Time (s) CA left (°) CA right (°) CA mean 

(°) 
Volume (µl) Baseline 

(mm) 
0           
0,08           
0,17           
0,25           
0,33 141,56 142,31  7,61 1,74 
0,42 110,92 120,38 115,65 6,23 2,3 
      
0,5 140,65 142,16 141,41 7,6 1,75 
0,58 111,44 121,44 116,44 6,27 2,29 
0,67 110,91 119,82 115,36 6,22 2,31 
0,75 142,13 142,35 142,24 7,62 1,73 
0,83           
0,92 111,45 120,71 116,08 6,27 2,29 
1 112 121,81 116,91 6,31 2,28 
1,08 112,19 122,12 117,15 6,33 2,28 
1,17           
1,25           
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1,33 140,04 141,2 140,62 7,58 1,77 
1,42 111,72 121,52 116,62 6,29 2,28 
1,5 140,63 142,09 141,36 7,59 1,75 
1,58 117,08 109,55 113,32 6,14 2,34 
1,67 111,62 121,47 116,55 6,28 2,29 
1,75 140,76 142,36 141,56 7,59 1,75 
1,83 140,59 141,12 140,85 7,58 1,76 
1,92 89,11 89,19 89,15 3,97 2,53 
2 140,59 141,79 141,19 7,59 1,76 
2,08 141,43 142,62 142,02 7,61 1,73 
2,17 111,66 120,92 116,29 6,28 2,29 
2,25 140,84 142,22 141,53 7,59 1,75 
2,33 140,17 141,96 141,06 7,58 1,76 
2,42 140,97 141,37 141,17 7,59 1,76 
2,5           
2,58 140,78 141,22 141 7,58 1,76 
2,67           

2,75 138,09 140,3 139,19 7,53 1,81 
2,83           
2,92 140,35 141,57 140,96 7,58 1,76 
3           
3,08 141,64 142,8 142,22 7,61 1,73 
3,17 140,55 142,21 141,38 7,58 1,75 
3,25 111,3 120,67 115,98 6,24 2,3 
3,33 140,4 141,64 141,02 7,58 1,76 
3,42 140,11 141,08 140,59 7,57 1,77 
3,5 140,74 142,03 141,39 7,59 1,75 
3,58           
3,67           
3,75           
3,83 140,42 141,59 141,01 7,58 1,76 
3,92           
4           

4,08 141,73 142,72 142,22 7,61 1,73 
4,17 140,61 142,13 141,37 7,58 1,75 
4,25 140,54 141,4 140,97 7,58 1,76 
4,33 138,71 140,04 139,37 7,53 1,8 
4,42 140,98 141,68 141,33 7,59 1,75 
4,5 141,49 142,7 142,09 7,6 1,73 
4,58 141,63 142,81 142,22 7,61 1,73 
4,67           
4,75 111,57 121,18 116,37 6,26 2,29 
4,83 140,2 142,99 141,59 7,58 1,75 

4,92 139,04 140,88 139,96 7,54 1,79 
5           
5,08           
5,17 141,18 141,98 141,58 7,59 1,74 
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5,25 138,18 139,55 138,86 7,51 1,81 
5,33           
5,42           
5,5           
5,58 111,61 121,44 116,52 6,26 2,29 
5,67 112,07 121,89 116,98 6,3 2,28 
5,75           
5,83 139,8 141,66 140,73 7,56 1,77 
5,92 141,09 142,27 141,68 7,59 1,74 
6           
6,08 110,66 119,29 114,98 6,19 2,31 
6,17 141,5 142,34 141,92 7,59 1,74 
6,25           
6,33           
6,42 139,71 141,5 140,6 7,56 1,77 
6,5           
6,58           
6,66 141,79 143,6 142,69 7,6 1,72 
6,75 141,67 142,32 141,99 7,59 1,73 
6,83 142,82 144,23 143,52 7,63 1,69 
6,91 111,26 121,04 116,15 6,23 2,29 
7 141,18 142,39 141,79 7,59 1,74 
7,08 111,45 119,34 115,39 6,25 2,3 
7,17 140,03 141,11 140,57 7,56 1,77 
7,25 141,71 142,58 142,15 7,6 1,73 
7,33 140,42 141,8 141,11 7,57 1,76 
7,41 110,83 120,28 115,56 6,2 2,3 
7,5 140,44 142,78 141,61 7,57 1,75 
7,58 137,77 139,9 138,83 7,5 1,82 
7,66 141,37 142,03 141,7 7,58 1,74 
7,75 110,96 120,01 115,49 6,21 2,3 
7,83 111,2 120,92 116,06 6,22 2,29 
7,91 111,05 120,7 115,88 6,21 2,29 
8 138,43 140,22 139,33 7,52 1,8 
8,08 110,79 120,2 115,5 6,19 2,3 
8,16 137,65 138,76 138,21 7,48 1,83 
8,25 111,91 121,52 116,71 6,29 2,28 
8,33 111,34 120,75 116,04 6,24 2,29 
8,41 140,05 140,94 140,5 7,55 1,77 
8,5 110,94 120,61 115,77 6,2 2,29 
8,58 110,58 119,81 115,2 6,18 2,3 
8,66 110,78 120,08 115,43 6,19 2,3 
8,75 111,05 120,39 115,72 6,21 2,3 
8,83 141,01 142,13 141,57 7,58 1,74 
8,91 110,52 119,49 115 6,16 2,31 
9 110,39 119,26 114,82 6,15 2,31 
9,08 111,91 121,59 116,75 6,28 2,28 
9,16 140,06 140,8 140,43 7,54 1,77 
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9,25 111,42 120,66 116,04 6,24 2,29 
9,33 90,38 90,26 90,32 4,07 2,53 
9,41 140,24 141,1 140,67 7,55 1,77 
9,5 90,8 90,94 90,87 4,13 2,53 
9,58 119,31 111,54 115,43 6,28 2,3 
9,66 110,58 120,17 115,38 6,17 2,3 
9,75 110,94 120,12 115,53 6,2 2,3 
9,83 140,39 140,09 140,24 7,54 1,78 
9,91 110,39 119,45 114,92 6,16 2,31 
10 111,23 121,07 116,15 6,23 2,29 
Standard 
Deviation: 

15,70390526 13,09089627 14,30587112 0,840896734 0,280573113 
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