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ABSTRACT 

 

The purpose of this Bachelor’s thesis was to test the properties of a certain 

phosphoric flame retardant compound when coating textile materials. The 

methods and solutions were used with experimental purposes and do not have any 

commercial value.  

The first part consists of information on flame retardants in general and the second 

part is a laboratory project about testing the coating methods and wash fastness of 

a phosphorous flame retardant compound when using the sol-gel process. The 

material used for the coating was a hand woven Spanish flax fabric which was to 

be used as curtains or other decorations in public places.  

The experimental part consists of the machines, chemicals and methods used in 

the project. 

The practical work in the project was carried out in the laboratory of the 

Polytechnic University of Catalonia, in Terrassa, Spain, during spring 2014. The 

work was made for the University as a part of earlier studies about the subject. 

The work was supervised by Professor Monica Ardanuy.  

 

Key words: flame retardant, sol-gel process, phosphorus compounds, wash-

fastness 
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Tekstiili- ja vaatetustekniikan opinnäytetyö 47 sivua, 5 sivua liitteitä 
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TIIVISTELMÄ 

 

Tämän opinnäytetyön tarkoituksena oli testata tietyn fosforisen 

palosuojayhdisteen ominaisuuksia tekstiilimateriaalien pinnoituksessa. 

Menetelmiä ja yhdisteitä käytettiin kokeilumielessä ja niillä ei ole minkäänlaista 

kaupallista arvoa. 

Ensimmäinen osa käsittelee palonsuojausta tekstiileissä yleisesti ja toinen osa on 

laboratorioprojekti jossa testattiin fosforisen palonsuojayhdisteen 

pinnoitusmenetelmiä sol-gel prosessia hyödyntäen sekä pinnoitteen pesunkestoa. 

Pinnoitukseen käytetty materiaali oli käsinkudottua espanjalaista pellavakangasta, 

jota oli tarkoitus käyttää verhoihin tai muihin sisuteisiin julkisilla paikoilla. 

Tutkimusosiossa on käyty läpi projektissa käytetyt laitteet, kemikaalit ja 

menetelmät.  

Projektin käytännön osuuden toteutus tehtiin Katalonian ammattikorkeakoulun 

laboratoriossa, Terrassassa, Espanjassa keväällä 2014. Työ tehtiin yliopistolle 

osana aiemmin aiheesta tehtyjä tutkimuksia. Työtä ohjasi professori Monica 

Ardanuy.  
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TERMINOLOGY 

HCL: Hydrochloric acid, a corrosive chemical compound 

TEOS: Tetraethoxysilane, a chemical compound 

Sol-gel: a solution used for coating materials, for example textiles 

FR: Flame-retardant, a fireproof coating, finishing or interlocking in textile-

materials  

Flamesol: compound containing the used flame-retardant and sol-gel 

Wash fastness: the ability to retain certain compound during washing 

SEM: Scanning electron microscope 

Pyrolysis: a chemical decomposition without oxidizing, caused by warmth 

BE: Bath exhaustion, coating method used in the project 

SO: Sonification, ultrasonic bath, another coating method in the project



 

1 INTRODUCTION 

 

During the past few decades issues about safety have become more public and 

thus the demand for fire retardant materials has increased. The increase also 

means that new regulations regarding safety in homes, workplaces, public 

transportation and even common public places are being produced continuously 

(Horrocks & Anand 2000, 224).  

During the years 1982-1988 over half of the deaths in dwelling fires in the UK 

were textile-related but they have then decreased since year 1998. From this it can 

be concluded that the decreasing is due to legislation in the sale of mandatory 

flame retardant upholstered furnishing fabrics (Horrocks & Price 2001 129.) 

These regulations and other legislation are usually made after massive losses in 

property or human lives. These losses are usually the main reason for updating 

precautions and preventative regulations concerning safety (Horrocks & Anand 

2000, 130.)  

The first part of this work is general information about flame retardant properties 

in textiles and the second part involves a laboratory project based on flame 

retardant coatings in textiles. The materials and methods were chosen beforehand 

and some experimenting had been done with them.  

Flame retardants are compounds with features that prevent the spread of fire. 

These compounds are added to manufactured materials, like plastic and textiles, 

either by being mixed with the base material or chemically bonded to them as 

coatings and surface finishes (U.S. Environmental protection agency 2005). 

Flax is one of the oldest textile fibres and this soft, lustrous and flexible fibre is 

especially used in interior decorations, such as curtains and bed clothing. This 

cellulose-based fibre is less elastic than cotton but a lot stronger. (Wardey, A. J. 

1967, 752.) These qualities made it suitable for this project. 
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The objective in this project was to see how a certain flame retardant coating 

works when applied to natural fibre textiles and how these fireproof qualities 

remain after washing the fabric. The remaining fire properties were tested with 

horizontal burn test. 

The flame retardant used was a water-based phosphorus compound. It was 

important to pay attention to the feel and look of the material after coating as well 

as the fire properties. The big problem in coating textiles is the fact that the feel of 

the material often suffers in the process. 

The work was done under The Polytechnic University of Catalonia, Barcelona and 

the textile materials were provided by a Spanish company which produces hand-

made fabrics and textiles from natural fibres.  
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2 FIRE PROPERTIES OF CELLULOSIC FIBRES 

2.1 Burning 

Burning requires heat, oxygen and burning material. There are three main stages 

in the burning process of textile materials, which are ignition, burning and 

extinction. Most textiles burn easily and quickly but not at all equally when 

compared. The properties differ mostly between how easily the materials ignite 

and how long they burn (Ryynänen, Kallonen & Ahonen 2001, 13-17.) 

When the temperature rise, the fibre-temperature also rises until it reaches its own 

pyrolysis temperature. After this, easily flammable gases are released and start 

their own pyrolysis making yet other flammable gases before reaching a 

temperature in which light and warmth are created. The warmth maintains and 

prolongs the process (Schindler & Hauser 2004, 99.)  

Completely inflammable fibres have not been created yet but there are some 

which can withstand high temperatures or are otherwise not easily flammable. 

When testing the burning rate of materials, the main points of observation are how 

the material burns, how long the burning continues after the flame dies, possible 

afterglow and afterwards the remains of the material (Boncamper 2011, 47.)  

The burning rate of textile materials is generally affected by the textile 

composition, fabric structure and possible chemical finishes but a major factor in 

the burning process can also be the looseness of the fabric or simply how the 

fabric is positioned. For example a vertical object burns quicker than a horizontal 

one because the flame warmth is generally directed upwards, making the pyrolysis 

faster. Porosity of fabrics is a common reason for easy ignition because a porous 

fabric has more oxygen, which is required for burning (Ryynänen 2001, 13-17.) 

2.2 Limiting Oxygen Index 

Limiting Oxygen Index, also commonly known as LOI, measures the minimum 

percentage of oxygen supporting the burning of textiles. The measurement 

consists of passing oxygen and nitrogen over the burning material until the 
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oxygen has reduced to a specific level. The fibres with high LOI values are more 

flame-retardant, making flax and other cellulosic fibres easily flammable, as also 

shown in Table 1 (Nousiainen, 1988, 23-24.)  

TABLE 1. Thermal and flame retardant properties of most common fibres 

(Horrocks 2000, 228) 

Fibre 
Softens 

(°C) 
Melts 
(°C) 

Pyrolysis  
(°C) 

Ignition 
(°C) 

LOI  
(%) 

Flax         19 

Wool     245 600 25 

Cotton     350 350 18.1 

Viscose     350 420 18.9 

Nylon 6 50 215 431 450 20-21.5 

Nylon 6.6 50 265 403 530 20-21.5 

Polyester 80-90 255 420-447 480 20-21 

Acrylic 100 >220 299* >250 18.2 

Polypropylene -20 165 470 550 18.6 

Modacrylic <80 >240 273 690 29-30 

PVC <80 >180 >180 450 37-39 

Oxidised acrylic X x ≥640 X X 

Meta-aramid (eg Nomex) 275 375 410 >500 29-30 

Para-aramid (eg Kevlar) 340 560 >590 >550 29 

 

 

2.3 Thermal behaviour of cellulosic fibres 

When talking about the effects of heat combined with textile materials the 

changes can be either physical or chemical. Basically this means that when 

dealing with thermoplastic fibres the combustion process involves many phases 

including for example heating and gasification (Horrocks & Anand, 2000, p.224.)  

All fibres burn and act in a different way depending on whether they are natural or 

synthetic. Cellulosic fibres, like for example flax and cotton, are easily flammable 

and they burn quickly because when cellulose burns it generates easily flammable 

decompose products. Even a small contact with a flame can be the cause of 

ignition. Cellulose burns with a hot, vigorous flame, creating light smoke, and 

leaves behind, after the flaming stops, a red glowing ember (Ryynänen 2012, 3-5.) 
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Linen and cotton are both natural, cellulosic fibres, which means that they both 

ignite and continue to burn, with an odour similar to paper, without self-

extinction. However linen is slightly more heat-resistant and requires a higher 

temperature to scorch (Collier, Bide & Tortora 2001, 76-77.) 

 

2.4 Flammability classifications in Finland 

According to EN standards, the flammability of curtains can be divided into five 

groups numbered 1-5. In Finland the division contains three groups named SL1, 

SL2 and SL3 (Sisäministeriö 1998.) SL is short for “flammability class” in 

Finnish. All in all, there are four groups but the first one, SL0, does not usually 

apply to textiles, which are the object of research in this project.  Table 2 shows 

the explanations for flammability classes in Finland. 
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TABLE 2. Flammability classification in Finland (Sisäministeriö 1998) 

Class Fire properties Examples 

SL 0  
Inflammable 

 does not 
combust 

 does not burn 

 glass, 
mineral fibres, metal 
 

SL 1 Not 
easily 
flammable 

 difficultly 
combustible 

 extinquishes by 
itself 

 does not form 
fire-increasing 
molten material 

flame-retardant  

 cotton 

 viscose 

 wool 

 polyester 
some modacrylics 
aramids 
PVC  

SL 2 
Normally 
flammable 

 combusts but 
not very easily 

 can burn out 

 does not form a 
lot of molten 
material 

 wool, 
thick cotton, thick 
flax, 
polyamide, 
polyesters, some 
modacrylics 

SL 3  
Easily 
flammable 

 combusts easily 
and/or 

 burns fiercely 
and/or 

 releases a lot 
heat and/or 

 forms a lot of 
molten materia 

 light or nap-surfaced 
cotton, 
light flax or viscose, 
light polyester, acrylic 
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3 FLAME RETARDANTS 

3.1 Aims 

Flame retardants are used to stop or slow down the spreading of fire and to 

prevent ignition. By decreasing the possibility of these, a flashover can be 

delayed, which reduces the rate and intensity of the burning, making it easier to 

control or escape the fire. Flame retardants can be applied to wood, textiles, 

plastics and almost anything in need of fire proofing (American Chemistry 

Council 2015.) 

The use of flame retardants is mainly based on the material not reaching the 

critical temperature, which allows the burning to occur. This is made possible 

with the flame retardants ability to bind heat. The second way is to use flame-

retardants which make the material dissolve before reaching the critical 

temperature. (Ryynänen et al. 2001, 13-16.)  

Other ways to make the material less flammable is to decrease the formation of 

flammable volatiles or reduce the access to oxygen or flame dilution and lastly to 

interfere with the flame chemistry (Horrocks et al. 2003, 146). 

3.2 Applying 

Materials can be inflammable or difficultly flammable on their own like for 

example meta- and para-aramids, glass, metal and mineral fibres. The fire-

retardant properties can also be added to the material during the yarn or fibre 

making process or with coatings and other finishes applied to a product. Coatings 

to fabrics can be applied for example by lick roll, knife, gravure, rotary screen or 

hot melt. (Horrocks et al. 2000, 179-183.) 

Phosphorous flame-retardants can also be applied with bath exhaustion which was 

the method used in this project. 
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3.3 Flame retardant types 

Flame retardants are mainly divided into inorganic, halogenated, phosphorous and 

some other groups. Official flame-retardant testing should be done under specific 

conditions and in accordance to required standards (Appendices 1&2).  

Phosphorous flame retardants 

FR compounds containing phosphorous usually have the ability to either remove 

heat or increase char (Horrocks 2000, 146). 

Phosphorous containing flame retardants can either be non-reactive or reactive 

when added to textiles. Non-reactive means that the FR can be used as coatings, 

finishes, or as fillers in resins. Reactive, on the other hand means being combined 

to polymeric structure during the process (Horrocks et al. 2003, 111.) 

There are both organic and inorganic phosphorous compounds. The properties 

differ mainly by promoting char formation. (Horrocks & Price. 2001, 110). 

Phosphor is often used combined with halogens and melamine because these have 

similar free-radical inhibiting of char forming flame-retardant properties 

(Horrocks etc. 2003. 111). 
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TABLE 3. Information about phophorous flame-retardants (Flame-retardants-

online 2015) 

Flame retardant Mostly used in Molecular formula 

Recorcinol bis 
(diphentyl 
phosphate)(RDP) 

PC/ABS blends 

  

Triaryl phosphate Thermoplastics 

  

Metal phosphinates 
glass fibre 
reinforced 
polyamides 

  

9,10-Dihydro-9-oxa-10-
phosphaphenanthrene-
10-oxide (DOPO) 

Polyester fibres 

  

Trischloropropyl 
phosphate (TCCP) 

Polyurethane 

  

Ammonium 
polyphosphate (APP) 

Intumescent 
formulations, 
polypropylene 
and thermoets 

  

Red phosphorous Polyamides 
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3.4 Washing flame-retardant fabrics 

Flame-retardant properties are usually tested according to what purpose the 

desired item is made for. If a certain item needs maintaining by washing then the 

washing should be tested first in specific laboratory conditions. These conditions 

however, do not equal normal dry-cleaning conditions (Ryynänen et al. 2001, 42-

43.) 

Washing flame-retardants comes with its own challenges because unwanted 

chemical reactions can harm the flame-retardant properties. Flame-retardant 

properties do not usually fade away slowly for the item either is or is not 

fireproof, which means that one surface change can have a critical impact on the 

retardant. For example washing flame retardant items with soap can leave traces 

of calcium on the surface, which may weaken the fire properties. On the other 

hand, flame-retardant items should be washed regularly because dirt is also a main 

cause for decreased fire resistance (Ryynänen et al. 2001, 42-43.) 
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4 MATERIALS AND CHEMICALS USED IN THE PROJECT 

 

4.1 Textile substrate 

In this project we used handmade linen fabric because linen has poor fire 

properties of its own, like other cellulose fabrics, linen ignites and burns easily. 

Linen is commonly used in interior decorations both in homes and public places 

so it was chosen for this project because the purpose of this project was to 

fireproof curtain for public places.  

Flax (Linium usitatissimum) is a natural fibre collected from the stem of a flax 

plant, growing mainly in Russia, Belgium, China and France. Linen is known for 

its shine, strength and propensity to wrinkle easily as well as for its water-

absorbance. The flax-plant belongs to the Linaceae tribe, which is originally from 

Asia Minor and has about 70-170 cm long fibres, which are located in bundles 

between the wood-like core and the outer bark in the stalk of the plant. The first 

discoveries of flax as a fabric go back all the way to 6000 BC, making it one of 

the oldest fibres used in textiles (Boncamper 2011, 120-123.) 

During the past few decades the production of flax has remained stable compared 

to other stem-fibres and the use of flax as clothing material has increased due to 

newly found appreciation towards natural fibres and old handicrafts. The 

production of flax in 2005 was over 700 tons. There is some flax-farming also in 

Finland but only during summers, due to the plant’s sensitivity towards cold 

(Boncamper 2011, 121.)  

4.2 Flame retardant, water-based phosphorus compound 

The flame retardant used in this project was a water-based phosphorus compound 

manufactured in Spain. The main purpose for this chemical is to be used in 

coating textiles, especially natural fibre textiles with poor fireproof qualities of 

their own (Ardanuy 2014). 
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4.3 Tetraethoxysilane 

Tetraethoxysilane, also known as tetraethyl orthosilicate or shortly TEOS, is a 

chemical compound commonly used as a crosslinking agent in silicone polymers 

and precursor to silicon dioxide. The molecular weight of TEOS is 208.33 g 

mol−1, with the chemical formula SiC8H20O4. (Figure 2).TEOS is a colourless 

liquid with an easily irritating alcohol-like odour that can cause irritation 

symptoms and burns in eyes and skin, which is why it must always be used with 

care and proper protection (Royal Society of Chemistry 2015). TEOS is used in 

the making of sol-gel, the binder in this project.  

 

 

FIGURE 1. Molecular formula of TEOS (Wikipedia 2015) 

4.4  Hydrochloric acid 

Hydrochloric acid is a monoprotic acid, also known as HCL, which comes from 

its molecular formula (Figure 4). It is a clear, colourless solution with highly 

corrosive properties and multiple uses in scientific and industrial procedures.  

HCL was used with TEOS to make a binder for the FR compound. 

 

FIGURE 2. Molecular formula of HCL (Wikipedia 2015) 
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5 PROCEDURES AND EQUIPMENT 

5.1 Ovens 

In this project, two kinds of ovens were used. The first one was used to remove all 

humidity from the samples and the other one was used to dry the samples after 

treatments and washings. 

5.1.1  Oven for drying and curing  

This oven was used to dry all the wet samples after coating procedures and 

washings to quicken the drying period and so to save time during the process. 

After the coating and drying, the samples were also cured in this oven (Figure 6) 

to fasten the coating into the fabric. The oven allows temperature (ºC) and time 

(min) adjustments, which makes both drying and curing possible for they are done 

in different temperatures and for different amounts of time.  

 

FIGURE 3. Oven for drying and curing  

5.1.2  Oven for humidity removal 

This oven was used to remove humidity from the textile by putting the samples in 

the oven for a certain amount of time. The humidity removal was repeated after 

each procedure to maintain the same level of humidity in each sample and making 

the comparative calculations more accurate. The oven (Figure 7) also has time and 

temperature adjusting possibilities for needed conditions.  
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FIGURE 4. Oven for humidity removal 

5.2 Scales 

Highly responsive scales (Figure 5), giving the accuracy of 4 decimals, were used 

to measure the weight of each sample after each treatment to gain more reliable 

results. More accurate results are achieved when closing the lid. 

 

 

FIGURE 5. Scales  

5.3  Linitest 

The machine used to do the washings in this project is called Linitest. It has an 

adjustable heater and a timer and could be used to wash up to eight samples at a 

time in small capsules containing water and soap while being sealed properly with 
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a lid. The Linitest (Figure 6) is used to find out the wash fastness of fabrics, for 

example color fastness, or like in this case the amount of coating remaining after 

washing a fabric. The Linitest has to be preheated before using, which takes up to 

15 minutes. After the water in the machine is at the wanted temperature it is filled 

evenly with the containers to balance the machine’s rotating inner particles.  

 

 

FIGURE 6. Linitest  

 

5.4  Muffler 

The muffler was used to define the ash content of the coated materials. The 

muffler’s heat can be adjusted between 0 – 1200 ° C. With this machine (Figure 7) 

it is important to use proper safety equipment including gloves.  
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FIGURE 7. Muffler 

5.5 Standards 

The burning rate of samples was tested according to the Federal Safety Standard 

MVSS 302, which includes standards SAE J396 (Flammability of polymeric 

materials – Horizontal Test Method) and ISO 3795 (Road vehicles, and tractors 

and machinery for agriculture and forestry - Determination of burning behaviour 

of interior materials.)  

The test method provides a standard laboratory procedure for measuring and 

comparing the burning rates of polymeric materials under specified controlled 

conditions. The rate of burning is determined by measuring of the horizontal 

distance burned in relation to the time of burning, and reported for each set of 

specimens. 

 

 

5.6 Sol-gel process 

Coating the samples with the FR, sol-gel was used as a binder and the coating was 

applied by dipping and with two different methods, bath exhaustion and ultrasonic 

bath. 
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The sol-gel is a wet-chemical technique from the late 1880s but it gained 

popularity only after the mid1980s when discovered that under acid conditions the 

hydrolysis of TEOS led to the formation of SiO4 particles. In the sol-gel process 

nano-particles are formed from the silanes with chemical reactions in a solution 

and depending on the type of sol fixed, the solution evaporates in room 

temperature or when it is heated (Hench & West 1990, 33; Nanowerk 2011.) 

Processing sol-gel is simple and it can be applied to metals, woods, plastic, 

textiles, ceramics and paper. First the solution containing the desired oxide or 

non-oxide precursor is prepared and then applied to a substrate by spinning, 

dipping, draining, or spraying. The coating can be applied to the insides or 

surfaces of complex shapes simultaneously and is typically 200 nm -10 μm thick. 

The thickness of sol-gel depends on the characteristics, depositions techniques and 

the processing parameters of the sol. There can for example be differences in the 

chemical composition and whether the coating was applied by dipping or 

spraying, and also temperature differences can be distinct factors (Vossen & Kern 

2007). 

 

 

5.7 Bath exhaustion 

Bath exhaustion was performed with a plastic container, containing all the 

materials and chemicals, two pairs of tweezers to turn the sample, a timer and a 

watch to see that every sample was turned at the same specific time.  It was 

important to wash all the containers after each use with distilled water to get more 

accurate results. Any kind of plastic container can be used when performing bat 

exhaustion. In this case the size and shape of the containers (Figure 8) were 

chosen to match the size and shape of the samples. 
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FIGURE 8. Equipment for bath exhaustion 

 

5.8 Ultrasonic bath 

Ultrasonic bath, also known as sonication bath, is often used to clean delicate 

items but it can also be used to stir solutions, like in this project. The goal was to 

maintain as homogenous solution as possible to attain even results.  Ultrasonic 

bath (Figure 9) is a bath, in this case filled with distilled water which creates 

ultrasonic waves that can either separate of mix solutions. Bottles or containers 

are placed in the water so that none of the contents of the bottle can be spilled to 

the bath. In the machine used in this project, time and temperature were 

adjustable. The machine works with the use of high frequency sound waves.  

 

FIGURE 9. Ultrasonic bath 
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6 PRACTICAL WORK 

6.1 Characterization of the textile 

The textile used in this project was linen and some tests were required in order to 

detect its real substance.  

The first test was executed with microscopic observation. Sulphuric acid and 

iodine were used to dye the fibres in order to gain more visibility while under a 

microscope after which the samples were photographed with the microscope, both 

the weft (Figure 10) and warp (Figure 11) yarns.  

From these pictures, the structure typical for flax fibre could be recognized. It is 

seen in the streaked appearance of the fibre. What could also be detected was that 

the samples were equal, meaning that both contained of one type of fibre. This 

was a proof that the fabric was indeed only linen. 

 

 

FIGURE 10. Linen fibres, weft 
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FIGURE 11. Linen fibres, warp  

 

 

After the microscopic observance the Ntex of the fabric was calculated (Figure 

15) and the results (Table 2) achieved. With the yarn density, weight and Ntex, the 

weight of the fabric could be calculated using a formula given below, resulting in 

material square weight of 229.40 g/m².  

 

𝑁𝑡𝑒𝑥 = 1000 ×
𝑔

𝑚
 

 

(
𝑦𝑎𝑟𝑛
𝑐𝑚 ) × 100

𝑁𝑚
×

100

100 − 𝐶
= 𝑔/𝑚2 
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TABLE 4. Results of Ntex 

  
yarn 
weight(g) 

density 
(yarn/cm) 

Ntex 
(tex) 

Warp 0.1752 10 175.2 

Weft 0.1521 8 152.1 
Total 

  
229.4 

 

All together, 32 samples with the size of 14,5cm x 7,5cm were prepared for this 

project (Figure 1). The edges were sewed to avoid unravelling. Each sample was 

named alphabetically between A and H with either the letters BE for bath 

exhaustion or SO for sonication and either the number 5.5 for 5% sol-gel or 5.10 

for 10% sol-gel. Two samples were always made with the same treatments. 

 

FIGURE 12. Linen samples used in the project 

 

6.2 Sol-gel procedure 

There were two sol-gel compounds, the first one 5% and the second 10%. 500 ml 

of Sol-gel was prepared at a time because this way it was made sure that the sol-

gel being used stayed fresh and functioned properly. The chemicals used in 

preparing were 0.05M HCL which was diluted with distilled water from 35% 

HCL, and TEOS (Figures 12 and 13). 
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0,05M HCL

4,42 ml HCL (35%) 1 l distilled water

168 g HCL 25 g TEOS

500 ml Sol-gel 5%

307 g distilled water

3h 20min stirring

Cool down before using  

FIGURE 12. The process for making 5% sol-gel 

 

0,05M HCL

4,42 ml HCL (35%) 1 l distilled water

335 g HCL 50 g TEOS

500 ml Sol-gel 10%

115 g distilled water

3h 20min stirring

Cool down before using  

FIGURE 13. The process for making 10% sol-gel 
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Originally the sol-gel was supposed to contain ethanol, but after some testing bad 

reaction was detected between the FR and alcohol where the two chemicals 

diverged, making white, wax-like lumps (Figure 14) in less than a minute.  

 

FIGURE 14. Reaction between the flame retardant and ethanol 

 

 

A new sol-gel was prepared replacing the ethanol with water and the coating was 

made possible, but after two minutes the solution started to form a jelly-like phase 

(Figure 15). This meant that the procedure had to be made in less than two 

minutes before the solution started to jell.  

 

FIGURE 15. Reaction between the flame retardant and water-based sol-gel 
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With the 10% FR sol-gel composition the jellification was quicker than with the 

5% composition. Experiments were made in order to use 7.5 % sol-gel instead of 

the 10% but it was later detected that the amount of time before jellification 

doubles when the sol-gel is properly cooled in the fridge so the making of 7.5% 

sol-gel was not necessary. The amount of time increased from less than two 

minutes to four minutes, which made the coating possible. The cooling test was 

made with 10% sol-gel which had been refrigerated for over six hours and with 

10% sol-gel which had been in room temperature for an hour. The temperatures 

were measured at the beginning of the test and right after the first signs of 

jellification.  

TABLE 5. Temperature testing results for 10% sol-gel 

  

temperature 
beginning 

(°C) 

temperature 
end (°C) 

time 
(min) 

10% room 
temperature 

16.0 16.0 2.15 

10% 
refrigerated 

4.5 8.5 4.05 

 

After testing the 5% sol-gel, only 4 samples were made to test the 10% sol-gel 

because the fabric loses most of its coating after the first wash. Therefore only one 

washing cycle was needed. The amount of coating on the 10% samples was richer 

than in the 5% samples, but because of the fast jellification the fabric still lost 

more of its original feel and colour.  
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6.3 Coating 

The coating was executed with two different methods, bath exhaustion and 

ultrasonic bath. 

In bath exhaustion all chemicals needed were placed in a plastic container with the 

fabric to soak for a certain amount of time while turned once a minute.  

When preparing the ultrasonic bath all the chemicals needed were placed on a 

plastic container with the fabric and a lid was placed on them for more balanced 

absorbing. The samples were in the bath for two minutes and they were turned in 

the middle. After the bath the samples went through the same drying and curing 

procedure as in bath exhaustion. 

First the fabrics and their supports made of aluminium foil were weighed to get 

the dry weight and then the samples were placed into the oven to lose their 

humidity. The samples were at 105 ̊C for four hours then weighed with the 

supports. The supports were mainly used to keep the scales clean. The samples 

were weighed again after humidity removal to get the initial weight. 

After that the samples were soaked in the bath, originally for 15 minutes but in 

this project for two minutes, while turning the sample once a minute. After this 

the wet samples were weighed and dried in the oven for approximately six 

minutes at 105 ̊C and then cured for 1 minute at 140 ̊C to fasten the coating. The 

sample had to be completely dry before curing. The procedure can be seen in 

Figure 16. 

The amount of solution in the baths was to be 15 times the weight of the fabric, 

making the solution consist of 40g of Sol-gel and 7g of FR. During an experiment, 

the sol-gel containing ethanol was used in the bath but the FR did not react well 

with ethanol, and this was confirmed after some testing. Ethanol combined the FR 

started to diverge, creating hard wax-like lumps. The effects were also tested by 

using ultrasound to see whether it would make a difference, but the lumps formed 

again. 

A second tryout was executed with water-based Sol-gel, in which the ethanol was 

replaced with water, to see whether it could be used instead. The same procedure 
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was used in the bath exhaustion, and after five minutes, the solution began to clot. 

The second sample was in the bath for two minutes, turned after the first minute 

and then tried and cured as the other samples. After the curing, the fabric changed 

colour to a more yellow tone and became less bendable.  
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Drying 4h 105°C 
+ weight

Bath 
exhaustion 

2min

Ultrasonic 
bath 2min

5%sol-gel10% Sol-gel5% Sol-gelWater

Drying 6min 
105°C

Curing 1 min 
140°C

Drying 4h 105°C 
+ weight

Washing 30min 40°C 
0,1,3 or 5 cycles

Drying 6min 
105°C

Drying 4h 105°C 
+ weight

Burn test

Drying 4h 105°C 
+ weight

Ash content + 
weight

Cutting and 
sewing the 

sapmles

 

FIGURE 16. The whole procedure for the project 
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6.4 Washing 

The washing liquid was prepared in 1/50 ratio in which 1 part was soap and 50 

parts were distilled water (5 g/l). The weights of the samples were approximately 

3g each which meant preparing 150 ml of soap-water was needed. The amount 

was calculated with the formula given below resulting in 0,57 g of soap in 150 ml 

of distilled water 

𝑔

𝑚𝑙
=

𝑥

𝑚𝑙
 

The samples with flame retardant were washed under the same conditions for the 

same amount of time in order to be able to later detect how much of coating 

would be left on the fabric after washing. The water temperature was 40 °C and 

the samples were washed 0, 1, 3 and 5 times and always 2 samples of each for 30 

minutes. After this the samples were rinsed 3 times in distilled water for 30 

seconds in each of the 3 cups. After washing the samples were placed in an oven 

to be dried at 105 °C for 6 minutes and then placed in the other oven for 4 hours 

with the same temperature to remove all the extra humidity for the weighing.  

 

6.5 Washing results 

 

The first experiment was to define how much of coating each sample obtained 

after two minutes of bath exhaustion, after which followed six minutes of drying 

at 105°C and one minute of curing at 140°C. The results (Figures 17 & 18) were 

gained by dividing the amount of coating with the initial weight of the sample. 

That way the percentage of the coating could be calculated, b being the weight 

after coating and c the initial weight. 

𝑎 =
(𝑏 − 𝑐)

𝑐
 



29 

 

 

 

FIGURE 17. Results of 5% flame-retardant sol-gel 5%, bath exhaustion 

  

 

 

 

 

FIGURE 18. Results of 5% flame-retardant sol-gel 5%, sonication 
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From the washing results it can be detected that the amount of coating reduces 

considerably after three washings in the bath exhausted samples. With the 

sonicated samples, the amount of coating reduces more considerably after 5 

washings when the weight of the sample is almost equal to the original weight of 

the sample with only 5% of the coating remaining after only one wash.  

 

FIGURE 19. Results of 10% flame-retardant sol-gel 

 

From the diagram (Figure 19) you can see that the amount of coating after the 

coating process was from 22 % to 24 %, which is more than when using the 5% 

sol-gel, and after one washing the amount was reduced to six to seven per cent.  
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FIGURE 20. Results of flame-retardant + water 

 

When combined with just water, the samples lack in the amount of coating when 

compared to the samples with sol-gel. The percentage of coating dropped from 

15% to 2% already after the first washing (Figure 20). 
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7  FIRE PROPERTIES 

7.1 Horizontal burn test 

In the horizontal burn test the samples were placed between two metal frames.  

The fire properties were tested with horizontal burn test, the standard test method 

for horizontal burning rate of polymeric materials used in occupant compartments 

of motor vehicles. 

The method employs a standard test specimen with a thickness up to 13mm, 

mounted in a U-shaped metal frame (Figure 21). The sample was placed between 

the U-shaped frames and four clips were added to hold the sample and the frames 

in place. The Burning rate was determined by measuring the horizontal distance 

burned in relation to the time of burning. A lighter and a timer were also used. 

(SAE J369.)  

 

FIGURE 21. Equipment for burn test 

 

The purpose of the test was to see how much time it takes to burn 10cm of the 

sample and how much of the fabric is left after the burning. 

The overall length for the burning area was 13cm but the measuring begins at 10 

cm according to the standard. 10 cm was marked to the frame starting from 1 cm 

from the edge of the sample and ending 2 cm before the end of the sample surface. 

The sample was laid between the two U-shaped metal frames after which the 

frames were fastened together with plastic clips to keep the sample in place.   
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The burn test itself was executed by putting a flame to the edge of the fabric and 

the time for burned distance starts when the flame reaches the first line on the 

metal-frame.  

B = D/T x 60 

B = Burning rate, (mm/min) 

D = length the flame travelled, starting from the first scribed line (mm) 

T = time for the flame to travel distance D, (s) 

The smaller the burning rate the better the results because it measures how many 

mm is burned in a minute and if the amount is small it means that the material 

does not burn easily (SAE J369, ISO 3795). 

The results show that there are not many differences between SO and BE 5% sol-

gel FR samples. The fire-properties are quite similar and there is not much 

difference between the feel and the look of the material. Only one sample for each 

kind was tested by burning. For example samples A, C and E were samples with 

5% sol-gel and with bath exhaustion treatment and each had different amounts of 

washing. 
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TABLE 6. burning rate results 

Sample 
wash 

cycles 

start 

time 

(s) 

finish 

(s) 

complete 

burning 

time (s) 

after 

glow 

(s) 

burned 

distance 

(mm) 

complete 

burned 

distance 

(mm) 

burning 

rate 

(mm/min) 

[5.5]BE A 0 3 5     20 50 

 [5.5]BE C 1 4 72 82   100 130 88.24 

[5.5]BE E 3 3 35 81 500 100 130 187.50 

[5.5]BE G 5 3 67 70 260 100 130 93.75 

[5.5]SO I 0 3 6 

 

  17 47 

 [5.5]SO K 1 3 46 61   100 130 139.53 

[5.5]SO M 3 3 57 78 420 100 130 111.11 

[5.5]SO O 5 3 65 78 310 100 130 96.77 

[5.10]BE Q 0 3 8     25 55 

 [5.10]BE S 1 4 61 81   100 130 105.26 

 

The samples without washing showed good results, for the samples stopped 

burning after the flame was removed from below the sample (Figure 22), making 

it not possible to count the burn rate, according to the standard (SAE J396), 

because the standard measures the burning n time for 10 cm of fabric, and the 

sample did not continue to burn after 2 cm when the flame was removed. The 

samples with one washing remained in a good condition after the burning (Figure 

23); the fabric was carburized but very intact and there was no afterglow in the 

burning, making the burning rate near to 100 in each sample. The samples with 

three washings, however, had a very long afterglow making the burning process 

long but the samples with five washing burned quicker with shorter afterglow 

making the burn rate for three washings bigger. 
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FIGURE 22. 10% flame-retardant sol-gel, 0 washings 

 

 

The samples without washings started to burn like the samples without any 

coating but after the flame was removed after 5 seconds the burning stopped 

rapidly and there was no afterglow either. With this outcome it can be concluded 

that the fire properties of the FR are fairly good.  

 

 

FIGURE 23. 5% flame-retardant sol-gel, 1 wash 
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With the samples with only one washing it can be detected that some of the fire 

properties have remained, even if these do not reach up to the level of the 

unwashed samples. When the flame is placed below the sample the burning starts 

and burning continues even after the removal of the flame, without any afterglow. 

When examined closely, the fabric remains almost completely whole, except for 

the change in colour.  

 

  

FIGURE 24. 5% flame-retardant sol-gel, 3 washes 

 

 

The samples with three (Figure 24) and five (Figure 25) washings take longer to 

stop burning and have a significant afterglow. It can be detected that not much of 

the flame retardant properties have remained in the samples, though there is some 

improvement compared to the samples without any coating.  
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FIGURE 25. 5% flame-retardant sol-gel, 5 washes 

 

7.2 Ash content 

The ash contain test was performed with using a muffler in which the samples 

were placed in a high temperature and afterwards the leftover ash was weighed.  

The samples were cut into 3 cm x 3 cm pieces and placed inside ceramic cups 

which can withstand the heat of 1100 ° C. Before placing the samples, the cups 

were weighed and after burning the samples in the oven the weight was taken 

again to see how much material remained in the ceramic cup.  

The ash content characterization was performed in the muffler at 1100 °C for an 

hour. Afterwards the samples were placed into a dessicator to cool down for an 

hour, after which the samples were weighed. 

As can be seen from the diagram [Figure 26], the amount of material remaining 

after the burning is much higher in the samples without washing than the ones 

with washes. With no washing and one washing a small piece of the sample 

remained and after three and five washings the sample was almost completely 

gone. The first A, C, E and G are bath exhausted samples in 5% flamesol, the 

second ones sonicated in 5% flamesol, third ones 10% bath exhausted flamesol 

and the last ones are just FR and water to see whether there was any difference 

without a binder.  
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FIGURE 26. Results of ash content for bath exhausted and sonicated samples 
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7.3  SEM  

In this project it was needed to find out how much coating was obtained by the 

coating methods and how much remained after the fabric had been washed. This 

was examined with the help of a Scanning electron microscope, also known as 

SEM. SEM technique is known for having a very high resolution and it can 

magnify up to x 10 000. SEM works when attached to a computer but it is 

afterwards operated manually.  

A 1 cm x 1 cm piece was needed from each treated sample to be able to work with 

the SEM. The samples were placed inside the machine and scanned to a computer 

screen where they could be manually focused and the camera could be moved to 

different parts of the sample. 

After all the treatments and washings the samples were examined with Scanning 

Electronic Microscope to see more closely how much of coating there was at first 

and what happened to it after washing it. 

7.3.1  5% flame retardant with sol-gel with bath exhaustion 

With the samples with no washings with 5% sol-gel there is a lot of coating 

[Figure 27] and still quite a lot after the first wash.  After more than one washing 

the fabric loses almost all of the coating. 

 

 

FIGURE 27. 5% flame retardant sol-gel BE 
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FIGURE 28. 5% flame retardant sol-gel, close-up 

 

 

 

 

After once wash a lot of the coating still remains [Figure 29] but the surface is 

more irregular [Figure 30]. Hardly any coating remains after three wash cycles 

[Figures 31& 32] 
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FIGURE 29. 5% flame retardant sol-gel, after one wash 

 

 

FIGURE 30. 5% flame retardant sol-gel, close-up after one wash 
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FIGURE 31. 5% flame retardant sol-gel, after three washes 

 

FIGURE 32. 5% flame retardant sol-gel, after three washes 
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7.3.2 5% sol-gel FR with sonication 

With 5% flame-retardant sol-gel in the coating, there is not much difference 

between the amounts of coating. However, between sonication and bath 

exhaustion the appearance of the coating is very different. In the bath exhaustion 

samples the coating is more in smaller areas and in the sonication samples 

(Figures 33 & 34) the coating is more even and whole. After one wash the 

sonicated samples also have a lot of coating left (Figures 35 & 36). Both samples, 

however, lose most of their coating after three washes (Figures 37 & 38). 

 

 

FIGURE 33. 5% flame retardant sol-gel, sonicated 

 

 

FIGURE 34. 5% flame retardant sol-gel, sonicated 
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FIGURE 35. 5% flamesol, sonication, one wash 

 

 

FIGURE 36. 5% flamesol, sonicated, one wash 
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FIGURE 37. 5% flamesol, sonicated, three washes 

 

 

 

FIGURE 38. 5% flamesol, sonicated, three washes 

 

7.3.3  10% flame retardant sol-gel 

With the 10% flame retardant sol-gel compound the amount of coating without 

washing is enormous (Figure 39) 
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FIGURE 39. 10% flame retardant sol-gel without washing 

 

After washing the 10% sample once it shows that a lot of coating still remains 

(Figure 40) like in the previous 5% samples but this time the layer of coating is 

uneven. 

 

FIGURE 40. 10% flame retardant sol-gel after 1 washing 

 

Comparing the 5% and 10% samples the 10% flame retardant sol-gel has bigger 

areas of coating and also the amount of coating is considerably bigger, making the 

fibres almost completely covered in the coating, also affecting the feel of the 

material. 
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8  CONCLUSIONS 

 The results show that the fire properties of the used flame retardant are very good 

and even after being washed once the sample is still in a good condition and 

usable. After more washing, however, the fire properties are almost completely 

lost. The results do not show much difference between the different sol-gel 

percentages. A lot of problems occurred with Sol-gel because the flamesol-

combination. The FR and Sol-gel reacted badly, creating lumps and jelly, making 

it impossible to work with from time to time. Even when the fire properties of the 

used flame retardant are very good and the burning stops almost immediately 

when touching the fabric, the solution makes the fabric change its colour and most 

of its feel, making it still quite unusable in anything but theoretical use. This is 

probably due to the bad reaction the flame retardant has with the Sol-gel, and not 

one of its characteristics.  

What could be concluded from this project is that even with good fire properties 

the coating does not remain unaffected after the fabric is washed. In the end the 

product does not reach the desired and assumed level, at least not yet but it does 

show enormous potential.  

In the future, when more testing and further research is done with this FR, there 

are a few factors that could be examined. The first problem, with sol-gel, turned 

out to be one of the biggest challenges in this project. Maybe the problem lies in 

coating methods, maybe different results could have been achieved with for 

example padding the coating to the material.  

Another major observation was the temperature when preparing the solution. The 

results showed that when the sol-gel is properly cooled down in the fridge the 

time before the jellification becomes longer. The refrigerator cold sol-gel had a 

remarkable effect on the results, it made working with the solution possible for 

almost twice as long making the test with 10% flamesol possible. 

When thinking about future experiments and improvements, the studies could 

concentrate on making this particular FR maintain its properties after washing and 

at the same time making it more suitable for textiles. Another study could be made 

to determinate the working temperatures of sol-gel with this FR. 
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APPENDICES 

 

APPENDIX 1 European fire testing standards for home textiles 
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http://www.trevira.com/fileadmin/download/broschueren_cs_brandschutz/brandsc

hutz_gb_2014.pdf  

 

APPENDIX 2 Fire and textile related standards in Finland 

SFS-EN ISO 12138 - Textiles. Domestic laundering procedures for textile 

fabrics prior to flammability testing (ISO 12138:1996) 

SFS-EN ISO 12952-1 - Textiles. Assessment of the ignitability of bedding 

items. Part 1: Ignition source: smouldering cigarette (ISO 12952-1:2010) 

SFS-EN ISO 12952-2 - Textiles. Assessment of the ignitability of bedding 

items. Part 2: Ignition source: match-flame equivalent (ISO 12952-2:2010) 

SFS-EN ISO 15791-1 - Plastics. Development and use of intermediate-scale 

fire tests for plastics products. Part 1: General guidance (ISO 15791-1:2014) 

SFS-EN ISO 17074 - Leather. Physical and mechanical tests. Determination 

of resistance to horizontal spread of flame (ISO 17074:2006) 

SFS-EN ISO 25762 - Plastics. Guidance on the assessment of the fire 

characteristics and fire performance of fibre-reinforced polymer composites 

(ISO 25762:2009) 

SFS-EN ISO 340 - Conveyor belts. Laboratory scale flammability 

characteristics. Requirements and test method (ISO 340:2013) 

http://www.trevira.com/fileadmin/download/broschueren_cs_brandschutz/brandschutz_gb_2014.pdf
http://www.trevira.com/fileadmin/download/broschueren_cs_brandschutz/brandschutz_gb_2014.pdf
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SFS-EN ISO 3582/A1 - Flexible cellular polymeric materials. Laboratory 

assessment of horizontal burning characteristics of small specimens 

subjected to a small flame. Amendment 1 (ISO 3582:2000/Amd 1:2007) 

SFS-EN ISO 3582 - Flexible cellular polymeric materials. Laboratory 

assessment of horizontal burning characteristics of small specimens 

subjected to a small flame (ISO 3582:2000) 

SFS-EN ISO 4589-1 - Plastics. Determination of burning behaviour by 

oxygen index. Part 1: Guidance (ISO 4589-1:1996) 

SFS-EN ISO 4589-2/A1 - Plastics. Determination of burning behaviour by 

oxygen index. Part 2: Ambient-temperature test (ISO 4589-2:1996/Amd 

1:2005) 

SFS-EN ISO 4589-2 - Plastics. Determination of burning behaviour by 

oxygen index. Part 2: Ambient-temperature test (ISO 4589-2:1996) 

SFS-EN ISO 4589-3 - Plastics. Determination of burning behaviour by 

oxygen index. Part 3: Elevated-temperature test (ISO 4589-3:1996) 

SFS-EN ISO 5659-2 - Plastics. Smoke generation. Part 2: Determination of 

optical density by a single-chamber test (ISO 5659-2:2012) 

SFS-EN ISO 6940 - Textile fabrics. Burning behaviour. Determination of 

ease of ignition of vertically oriented specimens (ISO 6940:2004) 

SFS-EN ISO 6941 - Textile fabrics. Burning behaviour. Measurement of 

flame spread properties of vertically oriented specimens (ISO 6941:2003) 

SFS-EN ISO 7822 - Textile glass reinforced plastics. Determination of void 

content. Loss on ignition, mechanical disintegration and statistical counting 

methods (ISO 7822:1990) 

SFS-EN 1021-1 - Furniture. Assessment of the ignitability of upholstered 

furniture. Part 1: Ignition source smouldering cigarette 

SFS-EN 1021-2 - Furniture. Assessment of the ignitability of upholstered 

furniture. Part 2: Ignition source match flame equivalent 

SFS-EN 1101/A1 - Textiles and textile products. Burning behaviour. 

Curtains and drapes. Detailed procedure to determine the ignitability of 

vertically oriented specimens (small flame) 

SFS-EN 1101 - Textiles and textile products. Burning behaviour. Curtains 

and drapes. Detailed procedure to determine the ignitability of vertically 

oriented specimens (small flame) 

SFS-EN 1102 - Textiles and textile products. Burning behaviour. Curtains 

and drapes. Detailed procedure to determine the flame spread of vertically 

oriented specimens 

SFS-EN 1103 - Textiles. Fabrics for apparel. Detailed procedure to 

determine the burning behaviour 

SFS-EN 13772 - Textiles and textile products. Burning behaviour. Curtains 

and drapes. Measurement of flame spread of vertically oriented specimens 

with large ignition source 
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SFS-EN 13773 - Textiles and textile products. Burning behaviour. Curtains 

and drapes. Classification scheme 

SFS-EN 14115 - Textiles. Burning behaviour of materials for marquees, 

large tents and related products. Ease of ignition 

SFS-EN 14533 - Textiles and textile products. Burning behaviour of bedding 

items. Classification scheme 

SFS-EN 14878 - Textiles. Burning behaviour of children\'s nightwear. 

Specification 

SFS-EN 16602-70-21 - Space product assurance. Flammability testing for 

the screening of space materials 

SFS-EN 597-1 - Furniture. Assessment of the ignitability of mattresses and 

upholstered bed bases. Part 1: Ignition source: Smouldering cigarette 

SFS-EN 597-2 - Furniture. Assessment of the ignitability of mattresses and 

upholstered bed bases. Part 2: Ignition source: Match flame equivalent 
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APPENDIX 3 

Sample washes 
initial 

weight 

weight 
after 

coating 

weight 
after 

washing 
g of 

coating 
% of 

coating 
g after 

washing 
% after 
washing 

Flamesol 
10% BE 

A 0 2,58 3,2   0,62 24 %     

B 0 2,33 2,85   0,52 22 %     

C 1 2,42 2,97 2,57 0,55 23 % 0,15 6 % 

D 1 2,45 3,05 2,61 0,6 24 % 0,16 7 % 

http://sales.sfs.fi/sfs/servlets/ProductServlet?productFamily=1139&action=nextSearch
http://sales.sfs.fi/sfs/servlets/ProductServlet?productFamily=1139&action=nextSearch
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APPENDIX 4 

sample  washes 
initial 

weight 
after 

coating 
after 
washing 

g of 
coating 

% of 
coating 

g after 
washing 

% after 
washing 

FR + 
Water 

A 0 2,435 2,79   0,36 15 %     

B 0 2,261 2,60   0,34 15 %     

C 1 2,495 2,88 2,53 0,38 15 % 0,04 2 % 

D 1 2,552 2,94 2,60 0,39 15 % 0,04 2 % 

E 3 2,411 2,76 2,48 0,35 14 % 0,06 3 % 

F 3 2,428 2,80 2,49 0,37 15 % 0,06 2 % 

G 5 2,555 2,90 2,55 0,34 13 % -0,01 0 % 

H 5 2,321 2,66 2,35 0,34 15 % 0,03 1 % 

 

APPENDIX 5 

Sample washings 
intitial 
weight 

weight 
after 

coating 

weight 
after 

washing 
g of 
coating 

% of 
coating 

g after 
washing 

% after 
washing 

Flamesol 
5% BE 

E 0 2,59 3,09   0,5 19 %     

F 0 2,51 3,01   0,5 20 %     

G 1 2,61 3,13 2,73 0,52 20 % 0,12 5 % 

H 1 2,56 3,06 2,69 0,5 20 % 0,13 5 % 

I 3 2,52 3,04 2,54 0,52 21 % 0,02 1 % 

J 3 2,54 3,07 2,55 0,53 21 % 0,01 0 % 

K 5 2,52 3,05 2,56 0,53 21 % 0,04 2 % 

L 5 2,64 3,18 2,65 0,54 20 % 0,01 0 % 

 

APPENDIX 6 

Sample washes 
initial 

weight 

weight 
after 
coating 

weight 
after 
washing 

g of 
coating 

% of 
coating 

g after 
washing 

% after 
washing 

Flamesol 
5% SO 

A 0 2,47 2,92 2,92 0,45 18 %     

B 0 2,54 2,96 2,96 0,42 17 %     

C 1 2,55 3,09 2,66 0,46 18 % 0,11 4 % 

D 1 2,51 2,95 2,6 0,44 18 % 0,09 4 % 

E 3 2,5 3,05 2,62 0,55 22 % 0,12 5 % 

F 3 2,55 3,03 2,3 0,48 19 % -0,25 -10 % 

G 5 2,59 3,05 2,57 0,46 18 % -0,02 -1 % 

H 5 2,55 3,02 2,61 0,47 18 % 0,06 2 % 

 


