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Abstract 
During the last two decades, the applications of fluorocarbon based chemicals to 

provide soil resistant or soil release properties for automotive interior and 

upholstery have increased tremendously. But, recent studies showed that the soil 

resistant treatment based on fluorochemicals has detrimental effects on the 

environment as well as on humans due to the presence of perfluorooctane sulfonate 

(PFOS) and perfluorooctanoic acid (PFOA) content. PFOS and PFOA are toxic, bio 

accumulative and bio persistent fluoro-organic compounds. This project focus on 

PFOS and PFOA-free soil resistant chemicals and their application on interior 

textiles used for automotive.  Literature study was done by keeping in mind all the 

aspects regarding soil and nature of soils, soil resistant mechanism, PFOA and 

PFOS-free soil resistant chemicals, chemistry of the chemicals, area of the 

application and the method of application. Experimental application of PFOA and 

PFOS-free soil resistant chemicals by using different concentrations on 100% 

Polyester dyed and unfinished fabric was performed with Pad-Dry-Cure method. 

Experimental application was carried out to evaluate the soil resistant treated 

samples for soil resistant, clean ability and colour change results. At the end, the 

comparison of the results of three mentioned evaluations gave us the best possible 

alternatives. 

Keywords:  

Soil resistant, cleanability, PFOS-free, PFOA-free, Fluorochemicals (FC), and 

water-oil-soil repellency 
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1 Introduction  
The demand of more eco-friendly, technical and value added a textile product in the 

world market has increased because of the customer awareness. The textile sector 

along with the chemical industry is focusing on the technical textiles to fulfil the 

demands of the market. By keeping this view in the mind, the project is focused on 

soil resistant treatment of interior textiles that is related to technical textiles. This 

thesis work involved the application of three more eco-friendly soil resistant 

finishes on the interior textiles of automotive such as seats and doors. The 

application of these finishes is done in order to find the more eco-friendly 

alternatives to the conventional finishes now used in production.    

1.1 Background and problem description 

The background of this project is based on ongoing automotive textiles product 

development work at Volvo Cars Corporation. The development of automotive 

textiles is a complex and complicated process due to huge number of the technical 

demands. (Shishoo, 2008) 

When the technical requirements are mentioned by Volvo Cars such as specified 

design prerequisites, master sample, drawings, technical and environmental 

regulations etc., then the testing methods also are specified by Volvo Cars. There 

are some extra tough and unique requirements for the properties of the interior 

textiles such as light fastness, dirt resistance cleanability, emission fogging and 

ageing. Therefore, the textile supplier for interior of cars must be involved at an 

early stage of the development work at Volvo Cars Corporation. The normal lead 

time for developing a new textile is 12-24 months. Therefore, it is important to 

consider the future demands and requirements of customers regarding textiles being 

used for interior. For fulfilling the new needs and requirements of the future 

vehicles to make the safest car in the world with the great devotion to the customer 

and environment, the technical department of Volvo Cars Corporation has started a 

number of projects. This project work is consisted of a part of their one project 

started by Interior Surface Material section that involved the investigation of 
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alternatives to conventional fluorocarbons for soil resistant treatment. Soil resistant 

treatment is applied on synthetic fabrics used for interior of cars. 

The chemical finish traditionally used to make synthetic fabrics soil resistant 

involves conventional long chain fluorocarbons (FCs) that are suspected to harm 

humans as well as environment. For making soil resistant textiles, the conventional 

fluorocarbons (C8-based fluorocarbons) polymers have been used for over 30 years. 

The conventional fluorocarbons (C8-based fluorocarbons) mean that the polymers 

consist of 8 carbon and 17 fluorine atoms. These conventional fluorocarbons (C8-

based fluorocarbons) are suspected to release the bio-persistent and toxic 

component perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA). 

PFOS was discovered to affect our reproduction, hormone system and cell 

processes.  Legislations regarding PFOS were established by European Union on 

June 27, 2008 regarding marketing and use of PFOS in all member states. This 

legislation has restricted the PFOS level in coating and textiles up to 1ppm. 

Perfluorooctanoic acid (PFOA) is also bio accumulating, bio persistent and toxic 

and is detected in part per billion (ppb) in the environment and human blood. 

Intensive investigations have been done by EPA (U.S Environmental Protection 

Agencies) to find the originated sources of PFOA. Today there is an agreement 

among producers of fluorocarbons (FCs) established that all PFOS and PFOA and 

their precursors will be voluntary withdrawn from market latest in 2015. 

 

1.2 Purpose 

The main purpose of this project is to search out alternatives of conventional (C8-

based fluorocarbons) fluorocarbons and application of alternatives to the polyester 

fabric to obtain permanent soil resistant finishing. 
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1.3 Limitations and delimitation  

The focus of our project is working on the more eco-friendly based soil resistant 

finishes, bionics based soil resistant finishes and PFOS and PFOA free fluorocarbon 

finishes. The fabrics to which these finishes will be applied will be 100% Polyester 

that is heat-set and dyed but not finished. In this thesis, the technical properties 

which are investigated for the final results are stain resistance, cleanability and 

colour change. The technical aspects regarding fabric adhesion to foam, 

flammability, ageing and foaming will not be considered for evaluation of results 

due to time duration of thesis. 

1.4 Research question 

What are the alternatives of the conventional fluorocarbons the so called C8-based 

fluorocarbons on soil resistant treatment? 

 

1.5 Methodology 

The thesis is basically research and development based in which new product 

application are involved. The research method used to solve the research question is 

an experimental method because the research question is exploratory. The results of 

the research question will be presented and discussed by using a qualitative as well 

as quantitative approach. The experimental method is reliable because the testing 

results will be carried out according to international standards. The method is also 

reliable due to the Standard Operating Procedures (SOPs) that will be mentioned 

and adopted during experiments.  
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2 Theory 

2.1 Soiling and nature of soiling 

Soiling is the phenomenon when soil comes in contact and retains more or less as 

stable unit on the fabrics surface. Soiling of a textile fabric usually originates by 

two main sources, (i) from the body of wearer, (ii) from the environment. The 

analytical studies done on the nature and composition of soil deposited on 

automotive textiles used for interior and furnishing items during normal use have 

described that it is always a mixture, the composition of which varies according to 

source of soiling. The mixture of soiling and staining usually consists of two 

components, (1) a fluid component usually an oil, fat or grease, (2) a solid 

component made up with small particles. Oils and fats from the food and cosmetics, 

secretions from human skin and lubricating oils and grease from house hold 

products are the main source of fluid components. While the dust particles from air 

borne particles provide main sources of solid component. (Venkatesh et al., 1974) 

The list of common house hold soils and stains provided by Monsanto Company is 

shown in Table 1 (Venkatesh et al., 1974) 

 

Table 1Common house hold soils and stains  

Beer Beet juice Blood Ketch up 

Chocolate Cooking Oil/Soil Coffee Dark Carbonated 
Cola 

Dirty Motor Oil Furniture stain Grease Cranberry Juice 

Ink, ball point Ink, Water soluble Latex paint Lipstick 

Nail Polish Orange Juice Prune Juice Red Clay Soil 

Rouge Rust Top soil Water Colours 
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2.2 Soil resistant treatment 

For reducing the water and energy required to clean the soils that are absorbed on 

the textile’s surface, soil-resistant finishes are used. These finishes are applied to 

protect against the micro dust or soil that is the main problems in cleaning of 

upholstery fabrics (Hardin et al., 1977). The soil repellent finishes are resistant to 

the penetration by liquid soil in static conditions if liquid soil is not forced into 

fabrics by external forces other than capillary forces of the weight of liquid. The 

most efficient soil repellent finishes are those which are used to lower the energy of 

fabrics surface and eliminate wicking. 

2.2.1 Mechanisms of repellency 

Repellency properties can be achieved by lowering the free energy at the fibre 

surface. The surfaces that perform lower interactions with liquids are called “low 

energy surface”. The critical surface energy or surface tension (γc) of these (low 

energy surfaces) must be smaller than the surface tension of liquids water or oil that 

is to be repelled. The surface tension of the oils (γL=20 -30 mNm-1) is two to three 

times less than surface tension (γL) of water (73mNm-1). So, when the low energy 

surface is produced by the treating the textiles with fluorocarbons having the 

surface tension  of γL=10-20mNm-1, the treated surface not only repels the oil but 

also exhibits repellency against water. But if the low energy surface is produced by 

treating the textile with silicon or paraffin wax having surface tension (γL=24-

30mNm-1), the treated textile will repel the water but not oil. Low energy surfaces 

can also provide dry soil repellency by preventing soil particles to be strongly 

attached to the textile surfaces. (Hauser & Schindler, 2004) 

There are different approaches for lowering the surface free energy of fibres. The 

first approach is the mechanical incorporation of the soil repellent material on the 

fibre surface, in the fibre pores, in the space between fibres and the yarns. The 

second one is chemical reaction of soil repellent material with the fibre surface. The 

third way is the formation of a soil repellent film on the fibre surface and finally the 

last way is using special fabric constructions. (Hauser & P.Schindler, 2004) 
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2.3 Chemistry of fluorocarbon based soil resistant finishes 

Finishes that provide soil resistant treatment can be classified by chemical structure, 

by method of application, by chemical structure, electrical charge and so on. 

The chemistry of soil resistant that was used in this report is described and it is 

based on chemical structure of finishes applied. 

2.3.1 Physicochemical properties of fluorocarbons and their treated surfaces 

The physicochemical property is determined by the critical surface tension that 

results in fluorocarbons repelling water, oil and soil. (Corpart and Dessaint, 1997) 

The fluorocarbons groups CF3 and CF2 are known to have low critical surface 

energy γc as compared to commonly found hydrocarbons CH3 and CH2 groups as 

shown in Table 2 (Audenaert, Lens, Rolly and Vander Elst, 1999). 

 
Table 2 Surface Energy/Tension of Polymer surfaces and Liquids 

Surface/Liquid Surface energy γc (mN/m) Surface Tension γL (mN/m) 

-CF3 6  

-CF3H 15  

-CF2- 18  

-CH3 22  

-CH2- 31  

-CH2CHCl- 39  

Polyester 42  

Polyamide 46  

Raw Cotton 44  

Cellulose 100-120  

Water (H2O  72 

n-Octane  22 

Olive Oil  32 
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Thus, it is easily understood from the Table 2 that water (γL=72mN/m) and oily 

substances (γL=20mN/m) will not spread on the textile substrate due to low surface 

energy of fluorocarbons (γc=6-10mN/m) coated on textile substrate. According to 

Audenaert, Lens, Rolly and Vander Elst (1999), the optimum reduction in surface 

energy is achieved by using sufficient chain length. Sufficient chain length is 

required to give enough density of fluorocarbon chains on the surface. The 

relationship between the fluorocarbon chain length and the surface energy is 

demonstrated by the Fig 1 (Audenaert, Lens, Rolly and Vander Elst, 1999). 

 
Fig 1 Effect of fluorocarbon chain length on surface energy 

The traditional fluorocarbons for oil repellent are comprised of perfluoro chains 

containing eight carbon atoms (also known as C8) technology. (Hauser & 

P.Schindler, 2004) 

 

2.3.2.1 Manufacturing of C8-based fluorocarbons and health impacts 

There are two main methods for manufacturing of C8-based fluorocarbon. 

1. Electrochemical fluorination that was used by 3M, Scotsguard. According to 

Banks et al., (1994) this process involved organic hydrocarbon compounds 

being fluorinated with anhydrous hydrogen fluoride in an electrochemical 

cell as shown in Fig 2. 



16 
 

  

e- 

C8H17SO2F+ 17 HF                              C8F17SO2F +17H2 

Cell Feed                                             Cell Output 

Fig 2 Electrochemical Fluorination 

 

Soil release finishing obtained by this method contains perfluorooctane sulfonate 

(PFOS).Perfluorooctane sulphonate (PFOS) is a bioaccumulative, bio persistent and 

toxic fluoro-organic compound. PFOS as mentioned earlier was discovered to affect 

our reproduction, hormone system and cell processes. Legislations regarding PFOS 

were established by European Union 2008 regarding marketing and use is banned in 

all member states. (Benjamin et al., 2007).PFOS is also at the POPs List (Persistent 

Organic Pollutants 2009 List. 

 

2. Telomerisation was used by Du Point. According to Banks et al. (1994) this 

process involves a free radical polymerisation process of tetrafluoroethylene 

as described in Fig 3 (Banks et al., 1994).  

F3C–CF2–CF2–CF2–CF2–CF2–CF2–CF2–CH2–CH2–OH 

Fig 3 Perfluorooctane telomere alcohol 

These C8 telomeres were considered to be less health hazardous due to replacement 

of fluorocarbons (FCs) with PFOS. However, it was discovered in the latter studies 

that perfluorotelomers could release another compound perfluorooctanoic acid 

(PFOA) that had the similar environmental and health impacts as PFOS. PFOA was 

found to be very persistent, bio accumulative and toxic. The structure of PFOA is 

shown in Fig 4 (Benjamin et al., 2007). 

F3C–CF2–CF2–CF2–CF2–CF2–CF2–COOH 

Fig 4 Perfluorooctanoic acid, PFOA 
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2.3.3 PFOS and PFOA-free soil release finishes 

Intensive research and development in water, oil and soil resistant treatment was 

done to find the alternatives of conventional C8-based fluorocarbons. After 

immense research and development chemists succeeded to replace this C8 

chemistry with C6 chemistry by using short 6- carbon fluoro chains that excluded 

the possibility of fluorocarbon products to break down into PFOS and PFOA. The 

compound Perfluorohexanoic acid (PFHA) was obtained from C6 based 

fluorocarbons has 40 times less bioaccumulative effects than PFOA. However 

modified fluorocarbon Based on C6 technology had less effective results as shown 

in Table 3 (Peter and Rouette, 1989). 

Table 3 Oil repellency and water repellency results of different fluorocarbon compound 

Substituent Oil Repellency Water Repellency 

CF3– 0 50 

C2F5– 60 70 

C3F7– 90 70 

C5F11– 100 70 

C7F15– 120 70 

C9F19– 130 80 

H–CF2–(CF2)7– 50 80 

Cl–(CF2–CFCl)3–CF2– 0 80 

Note:  

Oil repellency: 0-150, 150 is the best. 

Water repellency spray test: 100 is the best. 
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3 EXPERIMENTAL 

The experimental work was carried out in the laboratory of the Swedish School of 

Textiles at the University of Borås and in the laboratory of the Volvo Car 

Corporation department.  

3.1 Materials  

The materials used in this project were acetic acid, RUCO-DRY DHN, RUCO-

GUARD AFB6 CONC, RUCO-GUARD XCR, NANO-X, and polyester fabric 

which are described below.  

3.1.1 RUCO-DRY DHN  

RUDOLF CHEMI (2011) claims that RUCO-DRY DHN is a preparation of 

polymers of high branched dendrimers in a matrix of hydrocarbons. RUCO-DRY 

DHN has specific properties including cationic, ecological water repellent with 

dendrimers, excellent abrasion resistance, environmentally friendly, etc. 

It should be mentioned that it is a wax-based dendrimer. 

3.1.2 RUCO-GUARD AFB6 CONC 

Intensifying effect, C6-based fluorocarbon is used with booster. Also secondary 

effects such as handle, process stability, and fastness properties will be obtained by 

combination of these two chemicals.  

The composition of RUCO-GUARD AFB6 CONC is a C6-based fluorocarbon 

polymer and cationic. 

It is an ecologically optimized agent in combination with RUCO-GUARD XCR for 

water, oil and soil-repellent finishing, gives very good resistance to washing and dry 

cleaning. It is also free of Perfluorooctanoic acid (PFOA) and Alkylphenol 

ethoxylates (APEO). 
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RUDOLF CHEMI (2011) acclaims that RUCO-GUARD AFB6 CONC has specific 

properties including: resistance to aqueous and oil-based soil, resistance to washing 

when combined with RUCO-GUARD XCR, resistant to dry cleaning when 

combined with the mentioned booster, no high curing temperatures necessary, non-

flammable, and free of flammable solvents. 

3.1.3 RUCO-GUARD XCR (Booster) 

The composition of RUCO-GUARD XCR is a blocked polyisocyanate and cationic. 

RUDOLF CHEMI (2011) acclaims that RUCO-GUARD XCR has specific 

properties including: improves the film formation and permanence of RUCO-

GUARD FC-emulsions, low curing temperature (ca. 150˚C) and does not cause 

yellowing. 

The liquor should be adjusted to pH 4.5-5 (acetic) to improve the liquor stability. 

3.1.4 NANO-X 

VP BP 500022 and VP BF 500025 are two new products being used for 

hydrophobicity and oleophobicity in textile impregnation and they are C6-based 

fluorocarbon polymers. 

3.1.5 Fabric 

All the experiments were carried out with 100% polyester filament fabric used by 

Volvo for car seats. In Table 4 the physical properties of this polyester fabric are 

given.  

Table 4 Physical properties of polyester fabric 

Type of Weave  Panama 
Fabric Weight  340 (±30) 
Linear Density for (Warp and Weft)  Warp 820/188 Weft 850/136 
Yarn density (picks/cm or Picks/Inch)  Ends 22,8(±0,5) / Picks 17.2 (±0,5) 
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3.2 Methods 

The chemicals used are from two companies: RUDOLF CHEMIE and NANO-X 

GmbH. The application of each chemical follows the recommendations from these 

companies. 

3.2.1 Preparation of the soil resistant finishing materials  

To achieve an excellent, permanent stain repellent finish against oily, fatty and 

aqueous soiling with a simultaneous water-repellent effect on fabrics, these factors 

should be considered: 

 Preparation of the finishing solutions with different concentrations to get the 

optimum concentration  

 Wet pick-up should be 60-80 %   

 Drying for 4 min at 120˚C 

 Curing* for 2 min at 160˚C 

* The curing conditions are for ensuring that the articles are ready for future 

processing because during curing the initially unoriented perfluorinated side of 

fluorocarbon will be oriented and crosslinking process will be set off. 

Three different kinds of finishing material with different concentrations were 

prepared according to RUDOLF CHEMI’s recommendation as shown in the tables 

5 6, and 7. 
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Table 5 Fluorocarbon-free finishing agent concentrations 

  Concentration (g/L) 

Sample code Acetic Acid RUCO-DRY DHN 

A1 1 3 

A2 1 6 

A3 1 10 

A4 1 15 

A5 1 20 

* Pick-up = 65.3 % 

 

Table 6 C6-based fluorocarbon finishing agent concentrations 

  Concentration (g/L) 

Sample code Acetic Acid RUCO-GUARD AFB6 RUCO-GUARD XCR 

B1 1 3 8 

B2 1 6 8 

B3 1 10 8 

B4 1 15 8 

B5 1 20 8 

* Pick-up = 65.59 % 
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Table 7 Combination of C6-based and FC-free finishing agent concentrations 

  Concentration (g/L) 

Sample 

code 

Acetic Acid RUCO-GUARD 

AFB6 

RUCO-DRY 

DHN 

RUCO-GUARD 

XCR 

C1 1 1.5 1.5 8 

C2 1 3 3 8 

C3 1 5 5 8 

C4 1 7.5 7.5 8 

C5 1 10 10 8 

* Pick-up = 63.31 % 

The soil resistant finishing treatments of the fabric were conducted by Pad-Dry-

Cure method in laboratory. The fabrics were impregnated in a laboratory foulard. 

Foulard work was performed at a speed of 9.5 m/min and nip distance of 40 mm in 

order to obtain a pick-up of around 60–80 %.  

Then the fabrics were put in the drying machine for 4 min at 120˚C for drying and 

additional 2 min at 160˚C for curing and fixation. The experiments were carried out 

in the dyeing and finishing laboratory of the Swedish school of Textiles in Borås. 

For NANO-X chemicals, the soil resistant finishing treatments of the fabric were 

conducted by dip coating method in laboratory. Then the fabrics were put in the 

drying machine for 5 min at 150˚C for curing and fixation. The experiments were 

carried out in the laboratory of NANO-X Company. The properties of the finishing 

solutions are according to Table 8. 

Table 8  Properties of NANO-X solution 

Sample code Formulation Batch No. Solid content of the formulation 
D1 VP BF 50022 NXP 7243 3-4 % 

D2 VP BF 50025 NXP 7246 3-4% 
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3.2.2 Assessing the resistance to staining and cleanability textile materials 

The testing of treated samples with different chemicals was done to compare the 

results of our treated samples with the results of the samples treated with the Volvo 

conventional C8-based fluorocarbon chemicals. The tests were carried out in the 

Volvo Car Corporation’s laboratory according to Volvo’s standard.  

3.2.2.1 Volvo evaluation 

According to Volvo’s standard (2007), a good soil resistant material is a material 

that does not get a bad grade after soiling but also a material that gets a good grade 

after cleaning. 

 

Definitions (Volvo’s standard, 2007); 

 Soil: Particles in the wrong place, or unwanted particles on the fabric 

 Stain: The result of the type of soiling that is called direct soiling. An 

example of this is the effect of a drop of fat falling on the surface of a textile. 

 Cleanability: The property of the textile to be restored to its original 

appearance after cleaning. 

For resistance to staining and cleanability test, the following equipment and articles 

were used:  

 A pipette for application of the respective staining substances. 

Two staining substances; 

1- Hot coffee 

2- Hot chocolate 

 Volvo’s cleaning solution for textile upholsteries. 

 A pipette for application of the cleaner. 

 A sponge for cleaning  

Before testing the test piece shall be conditioned at 23±2˚C and 50±5% RH in at 

least 24h. A test pieces, at least 40×80 cm in size, was taken from the fabric to be 

tested. Then the testing substances were applied onto the test piece in the specified 
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amounts. Each staining substance was applied to the test piece with a pipette, 

vertically; at a height of 3±1 cm above the test piece. Each staining substance was 

applied to the fabric, at least 10 cm from the edge of the test piece, in two places, at 

least 15 cm apart. After 24 h, the stains were removed before cleaning. Then one of 

the two stains of each staining substances was cleaned with Volvo’s cleaning 

solution. For textile upholsteries, specified amount of the solution was applied onto 

a sponge. The sponge shall be soaked in distilled water and properly squeezed out 

before applying the cleaning solution. The stain was rubbed by the sponge, using a 

circular motion, for 30±5 sec, with estimated pressure of 10 N and the test piece 

dried for 24h. 

The results of the resistance to staining test and the cleanability test were evaluated 

from different angles, in a light chamber, with daylight illumination (D65) 

1. Resistance to staining 

The appearances of the stains are rated by comparing them with the grading scales, 

1-4.  

Grading scale for resistance to staining: 

 Grade 4: No visible stain 

 Grade 3: Very small, distinct stain; the soiling substance is not or just 

slightly absorbed by the material, as shown in Fig 5 (Ekholm, 2007). 
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Fig 5 Example class 3  

 Grade 2: smaller, distinct stain, as shown in Fig 6 (Ekholm, 2007). 

 

Fig 6 Example class 2  
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2. Cleanability 

The cleanability is rated as; 

 Grade 3: The stain disappears completely  

 Grade 2: The stain partly disappears 

 Grade 1: The stain remains, i.e. no difference between the not cleaned and 

the cleaned sample. 

Any appearance of the water marks  as shown in Fig 7  (Ekholm, 2007) shall be 

noted! 

 

Fig 7 Example of water mark 

 

3.2.3 Colour Analysis 

One of the most important factors which should be considered a lot in automotive 

interior textiles is attractiveness particularly relating to colour because colour is 

usually the first aspect of a textile product the consumer notices (Judd and 

Wyszecki, 1975). Unfortunately, the loss of or change in colour after using soil 
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resistant chemicals is one of the most frequent problematic subjects because there 

would be inconsistency in the colour of different parts in the car such as carpet, 

interior part of door, leather, etc.   

Recent research (Uni. Northern Iowa, 2011) has shown that in order to assigning a 

definite site for the colour in three-dimensional space, we need numerical values of 

colour obtaining from colour measurement. Spectrophotometer is a usual method 

for this purpose. Physical grouping of materials including colour matching for 

colour reproduction, and shade sorting can be done by colour management software. 

Basic fabric colour analysis including colour classification, colour matching, and 

shade sorting can be measured by spectrophotometer and colour management 

software.  

For quality assurance purposes, we used this method with spectrophotometer 

instrument. Our instrument was Data-colour 600, the specular-included viewer 10°: 

illuminant D65, A and F11. Spectrophotometric data for the untreated fabric 

standards and the treated fabric samples were used for colour difference 

calculations. The colour difference values were calculated according to the CIELAB 

(1976) equation. 
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4 RESULTS AND DISCUTION 
 

Experimental research was done in order to study the effect of the parameters such 

as the type and concentration of the soil repellent agents on the stain resistant 

properties of the treated fabrics. 

4.1 Evaluating the stain repellency results  

Three various stain repellents were impregnated into polyester fabrics at five differ-

ent concentrations (3, 5, 10, 15 and 20 g/l). After the treatments, all the samples 

were soiled with hot coffee and hot chocolate. After soiling, the samples were 

evaluated according to Volvo’s standard. Table 9 and Fig 8 show the results of eval-

uation of the effect of finish on the appearance. In Fig 8, in every chart the higher 

rating indicates a better stain resistant effect. Fig 8-a and b show that when the stain 

resistant performance of the samples contain C6-based fluorocarbons was the best 

except 3 g/l concentration. In addition, when the concentration of C6-based 

fluorocarbon increased, their performance improved. The stain resistant 

performance of the samples treated with FC-free treated samples was not good in all 

the concentrations.  

When comparing the performances of all the chemicals with respect to hot 

chocolate soiling, we had different results to those for hot coffee soils because all 

the chemicals with respect to hot coffee soiling in terms of soil resistance showed 

worse results due to the fact that hot coffee soiling has more penetration to the 

samples than hot chocolate soiling. 

Examples of the performance of the C6-based and C8-based fluorocarbon agents on 

staining with hot coffee and hot chocolate are shown in Fig 9. 
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Table 9 Resistance to staining evaluations 

  Grading scale (1-4) 

Sample code Concentration (g/l) Hot  

coffee 

Hot 

chocolate 
Fluorocarbon -

free 

C6-based 

fluorocarbon 

Untreated fabric 0 0 1-2 1-2 

C
8-

ba
se

d 

flu
or

oc
ar

bo
n FC* 

 

0 15-18 3 3 

FC
-f

re
e 

A1 

A2 

A3 

A4 

A5 

3 0 1-2 1-2 

5 0 2 2 

10 0 2 2 

15 0 2 3 

20 0 2 3 

C
6-

ba
se

d 
flu

or
oc

ar
bo

n 

B1 

B2 

B3 

B4 

B5 

0 3 1-2 3 

0 5 3 3 

0 10 3 3 

0 15 3 3 

0 20 3 3 

C
om

bi
na

tio
n 

of
 C

6-
ba

se
d 

flu
or

oc
ar

bo
n 

an
d 

FC
-f

re
e 

C1 

C2 

C3 

C4 

C5 

1.5 1.5 2 3 

3 3 2 3 

5 5 3 3 

7.5 7.5 3 3 

10 10 3 3 
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Table 9. (Continued) 
C

6-
ba

se
d 

flu
or

oc
ar

bo
n 

D1 

D2 

0 30 3 3 

0 40 3 3 

          Note:  

 Soil resistant test results were the grades (no unit) obtained from the standard scale in accordance with 
Volvo’s standard. 

 Highlighted rows show the best results. 
 Today’s production of Volvo 

 

 

a) 

 

b) 

Fig 8 Evaluation of the stain resistant performance for samples soiled with: a) hot Coffee and 

b) hot chocolate 
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                                    a)                                                        b) 

Fig 9 Stained samples with hot coffee and hot chocolate: a) C6-based fluorocarbon 
treated sample (D2) and b) C8-based fluorocarbon treated sample  

 

4.2 Evaluation of the cleanability  

After cleaning the samples with Volvo’s cleaning agent, they are rated according to 

Volvo’s standard as shown in Table 10 and Fig 10. The obtained results showed 

that the cleanability of all the chemicals were satisfactory except for the FC-free and 

C6-based fluorocarbon with concentration lower than 10 g/l. However the 

cleanability of C6-based fluorocarbons in combination with FC-free chemicals was 

good in all concentrations and these chemicals did not allow the penetration of 

soiling into the fabric. Thus the removal of soiling from the fabric was done easily 

and there was not any watermark. 

There are some pictures of the cleaned samples in Fig 11. 
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Table 10 Cleanability evaluations 

Sample 

code 

Hot coffee Hot chocolate 

Grading scale  (1-3) Water mark Grading Scale (1-3) Water mark 

Un 2 Yes  3 No  

FC 3 No 3 No 

A1 2 Yes 2 No  

A2 2 No  2  No  

A3 3 No  3  No  

A4 3 No  3 No  

A5 3 No 3 No  

B1 2 Yes  3 No  

B2 2 No 3 No 

B3 3 No 3 No 

B4 3 No 3 No 

B5 3 No 3 No 

C1 3 No 3 No 

C2 3 No  3 No  

C3 3 No  3 No  

C4 3 No 3 No 

C5 3 No 3 No 

D1 3 Yes 3 No 

D2 3 No 3 No 

Note: Highlighted rows show the best results. 
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a) 

 

b) 

Fig 10 Evaluation of the cleanability properties for samples soiled with: a) hot Coffee and b) 

hot chocolate 
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                                    a)                                                       b) 

Fig 11 Cleaned samples: a) C6-based fluorocarbon treated sample (D2) and b) C8-
based fluorocarbon treated sample  

  

 

4.3 Spectrophotometric analysis of the samples 

The colour changes were evaluated visually and instrumentally. The results of the 

instrument evaluation of all samples are presented in Table 12. 

Standard information is taken from the reference fabric (untreated fabric) as shown 

in Table 11. 

The outcomes of Table 12 revealed that the colour changes of the samples treated 

with FC-free chemicals are less than that of samples treated with C6-based 

fluorocarbon chemicals. However the results of stain resistant and cleanability 

evaluations should be considered also for the final decision. The best results of the 

two mentioned evaluations were the fabrics treated with C6-based fluorocarbon 

(more than 5 g/l) in combination with FC-free chemical (more than 5 g/l) and also 

fabrics treated with only C6-based fluorocarbon (more than 10 g/l). Regarding the 

spectrophotometric results of these mentioned good samples, first the fabric treated 

with C6-based fluorocarbons (5 g/l) in combination with FC-free chemical (5 g/l), 

then fabric treated with C6-based fluorocarbon (10 g/l) are the best results of the 

three evaluations as shown in Fig 12. The other result from Fig 12 and Fig 13 was 

that increasing the C6-based fluorocarbon concentration would increase the 

yellowness of the fabrics.  
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Fig 12 Colour change comparison of the different samples 

 

Table 11 Standard Information 

 RGB Color Name 

CIEL CIEa CIEb CIEC CIEh 

NEO nova soft Beige 

(Untreated fabric) 

65.8 0.49 11.91 11.92 87.64 

 

 

 

Fig 13 CIElab diagram 



36 
 

Table 12 Spectrophotometric results 

Batch Information 

 

Name 

Illuminant RGBColor 

CIEDL CIEDa CIEDb CIEDC CIEDH 

 

A1 

D65 10 

A 1  10 

F11 10 

-0,16 

-0,15 

-0,15 

0,08 

0,05 

0,03 

0,14 

0,16 

0,18 

0,14 

0,17 

0,18 

-0,02 

-0,02 

-0,01 

 

 

A2 

D65 10 

A 1  10 

F11 10 

-0,28 

-0,26 

-0,26 

0,08 

0,10 

0,07 

0,19 

0,23 

0,24 

0,20 

0,24 

0,25 

-0,07 

-0,06 

-0,06 

 

 

A3 

D65 10 

A 1  10 

F11 10 

-0,50 

-0,47 

-0,48 

0,04 

0,08 

0,03 

0,36 

0,39 

0,42 

0,36 

0,40 

0,42 

-0,02 

-0,01 

0,00 

 

 

A4 

D65 10 

A 1  10 

F11 10 

 

-0,51 

-0,48 

-0,49 

0,04 

0,10 

0,03 

0,43 

0,46 

0,51 

0,44 

0,47 

0,51 

-0,02 

-0,01 

0,01 

 

 

A5 

D65 10 

A 1  10 

F11 10 

 

-1,63 

-1,60 

-1,61 

 

0,10 

0,14 

0,10 

0,36 

0,41 

0,43 

0,37 

0,43 

0,44 

-0,09 

-0,07 

-0,06 

 

 

B1 

D65 10 

A 1  10 

F11 10 

 

-0,46 

-0,45 

-0,45 

-0,04 

0,01 

-0,04 

0,37 

0,38 

0,42 

0,37 

0,37 

0,42 

0,05 

0,05 

0,07 
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Table 13 (Continued) 

 

B2 

D65 10 

A 1  10 

F11 10 

 

-0,72 

-0,69 

-0,70 

0,04 

0,11 

-0,03 

0,53 

0,56 

0,61 

0,53 

0,57 

0,61 

-0,02 

-0,01 

0,01 

 

 

B3 

D65 10 

A 1  10 

F11 10 

 

-0,76 

-0,72 

-0,73 

0,06 

0,14 

0,04 

0,58 

0,61 

0,66 

0,58 

0,63 

0,66 

-0,03 

-0,03 

0,00 

 

 

B4 

D65 10 

A 1  10 

F11 10 

 

-1,07 

-1,02 

-1,04 

 

0,09 

0,20 

0,09 

0,81 

0,85 

0,90 

0,81 

0,87 

0,90 

-0,05 

-0,04 

-0,02 

 

 

B5 

D65 10 

A 1  10 

F11 10 

 

-1,23 

-1,17 

-1,19 

 

0,07 

0,19 

0,06 

0,87 

0,92 

0,98 

0,87 

0,94 

0,98 

-0,03 

-0,02 

0,01 

 

 

C1 

D65 10 

A 1  10 

F11 10 

 

-0,78 

-0,75 

-0,76 

 

0,05 

0,09 

0,03 

0,40 

0,43 

0,46 

0,40 

0,44 

0,47 

-0,03 

-0,02 

0,01 

 

 

C2 

D65 10 

A 1  10 

F11 10 

 

-0,78 

-0,75 

-0,76 

 

0,09 

0,13 

0,07 

0,42 

0,46 

0,48 

0,42 

0,48 

0,48 

-0,07 

-0,04 

-0,03 

 

 

C3 

D65 10 

A 1  10 

F11 10 

 

-0,75 

-0,72 

-0,73 

0,00 

0,08 

0,00 

0,52 

0,54 

0,59 

0,52 

0,54 

0,4759 

0,02 

0,02 

0,04 

 



38 
 

Table 14 (Continued) 

 

C4 

D65 10 

A 1  10 

F11 10 

 

-0,88 

-0,83 

-0,85 

 

0,06 

0,14 

0,06 

0,64 

0,68 

0,72 

0,64 

0,69 

0,72 

-0,03 

-0,02 

-0,01 

 

 

C5 

D65 10 

A 1  10 

F11 10 

 

-1,08 

-1,03 

-1,05 

 

0,10 

0,19 

0,09 

0,72 

0,78 

0,81 

0,72 

0,80 

0,82 

-0,07 

-0,05 

-0,03 

 

 

D1 

D65 10 

A 1  10 

F11 10 

 

-2,02 

-1,95 

-1,98 

 

0,15 

0,28 

0,17 

 

1,00 

1,06 

1,10 

 

1,00 

1,09 

1,11 

 

-0,10 

-0,09 

-0,09 

 

D2 

D65 10 

A 1  10 

F11 10 

 

-1,95 

-1,87 

-1,91 

0,18 

0,31 

0,22 

1,00 

1,07 

1,09 

 

1,00 

1,11 

1,11 

 

-0,14 

-0,11 

-0,14 
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5 CONCLUSION 
 

Investigating the alternatives for the conventional fluorocarbons (C8-based 

fluorocarbon) and comparison of the stain resistant performance and cleanability 

properties of the new stain resistant chemicals with different concentration was the 

purpose of this study. All the fabrics were treated with the same conditions except 

the chemicals of NANO-X. The analysis of the tests led to following conclusion: 

Stain resistant and cleanability results for hot coffee and hot chocolate soiling 

clearly showed that especially C6-based fluorocarbons and the combination of C6-

based fluorocarbon and FC-free chemicals had the better results than the FC-free 

alone. When comparing all the chemicals for the hot coffee soiling, it was difficult 

to clean the treated samples because of more penetration than the hot chocolate 

soiling. The performances of all chemicals are dependent on the concentration. 

As a result of spectrophotometric analysis, it was found that the colour change of 

the fabrics treated with FC-free chemicals was the lowest and that of the fabrics 

treated with C6-based fluorocarbon was the highest. The higher the concentration of 

C6-based fluorocarbon, the more the colour change (or the more the yellowness). 

When considering the three evaluations including soil resistant, cleanability and 

colour change, it was observed that the best results belonged to the sample treated 

with a combination of C6-based fluorocarbons (5g/l) and FC-free (5g/l) chemicals 

followed by the sample treated with only C6-based fluorocarbon (10g/l). It could be 

concluded from the results that these two mentioned chemicals in higher 

concentrations also gave acceptable results. However higher concentrations (more 

than 20 g/l) cause some problems such as increasing the yellowness of fabrics, 

increasing the price of the finishing materials, increasing the flammability, 

decreasing the adhesion of the fabrics to other materials like foam. 

This study shows that Volvo Car Corporation can use C6-based fluorocarbon 

instead of C8-based fluorocarbon which is a today’s controversial discussion for 

famous companies. In addition, compared to today’s concentration of the finishing 
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material in Volvo, Volvo can reduce it which will affect the flammability, price, 

colour change and etc. 
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6 FUTURE WORK 

This research will serve as a base for further studies in evaluation of soil resistant 

finishing for adhesion to foam and flammability, aging, emission, soil resistant 

treatment for leather, vinyl, textile carpets, and foil, and evaluation of health and 

environmental effect of nanotechnology. 
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