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Abstract  
The parcel shelf in a car is one of the things that are most exposed to ultraviolet 
light and heat. The sunlight causes ultraviolet radiation and excessive heat to this 
area. This can cause the material to degrade, fade or drift in colour. The parcel 
shelf production is today divided between three producers. This requires a good 
contact and cooperation between the different actors. As the automobile industry 
is a very complex industry, high demand is required of everyone involved.  
 
The goal of this study was to find improvements that could lead to a better 
ultraviolet and heat protection. Volvo Cars provided material and the experiments 
were held on their test facility. The tests were conducted based on the Volvo Cars 
requirements and methods. A Weather-Ometer is used to simulate the ultraviolet 
light and heat, the same way a parcel shelf is exposed to outdoors. Chemical 
analyses are used to determine whether there is any difference in the material 
when it is aged in a Weather-Ometer or not.  
 
The parcel shelf is made of needle punched, dispersed dyed polyester.  
 
The results showed that! the present parcel shelf material does indeed show a 
colour shift after ageing. The authors present a number of suggestions to improve 
the material's characteristics. For example, Volvo could consider using an acrylic 
non-woven instead of polyester. Dyes that withstand ultraviolet radiation better 
can also be chosen and a variety of ultraviolet absorbers can be added. 2-(2-
hydroxy-5-carboxy-phenyl)-2H-benzotriazole, Tinuvin P, 327 [2-(2-hydroxy-5-
methyl-phenyl) 2H-benzotriazole, 2-(3,5-butyl-6-hydroxy)-2H-2-chloro-
benzotriazole respectively] and 2,4-dihydroxy-benzophenone are example of 
absorbers that can be added to make the ultraviolet resistance better. 
 

Keywords 
Parcel shelf, ultraviolet radiation, ultraviolet absorbers, ultraviolet protection, 
polyester, nonwoven, disperse dyes.  
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Sammanfattning 
Hatthyllan på bilen är en av de delar som är utsatt för mest ultraviolett strålning 
och värme. Den utsätts ofta för solljus som medför ultraviolett strålning och hög 
värme. Detta kan medföra att materialet degraderas, bleknar eller skiftar färg. 
Hatthyllans tillverkning sker idag i tre steg på tre olika företag innan den till slut 
monteras i bilen. Detta kräver god kontakt och bra samarbete mellan olika aktörer. 
Då bilindustrin idag är en väldigt komplex bransch ställs höga krav på alla 
inblandade.  
 
Målet med denna studie är att hitta förbättringar som leder till ett bättre 
ultraviolett skydd och värmeskydd. Volvo Cars tillhandahöll material och även 
experimenten utfördes på deras testanläggning.  Testerna genomfördes utifrån 
Volvo Personvagnars krav och testmetoder. En Weather-Ometer användes för att 
simulera den ultravioletta strålningen och den värme som hatthyllan utsätts för 
utomhus. Kemiska analyser användes sedan för att avgöra om det var någon 
kemisk skillnad på ett nytt material respektive ett som åldrats i en Weather-
Ometer.  
 
Idag är hatthyllan tillverkad i nålfiltad polyester som färgats med dispersionsfärg.  
 
Resultat visade att det finns en rad förbättringar att göra. I dagsläget kan bättre 
materialval göras, som akryl. Färger som tål ultraviolett strålning bättre finns även 
att tillgå och en rad olika absorbenter kan tillsättas i den nuvarande processen. 2-
(2-hydroxy-5-carboxy-phenyl)-2H-benzotriazole, Tinuvin P, 327 [2-(2-hydroxy-
5-methyl-phenyl) 2H-benzotriazole, 2-(3,5-butyl-6-hydroxy)-2H-2-chloro-
benzotriazole respectively] och 2,4-dihydroxy-benzophenone är exempel på 
absorbenter som kan tillsättas för att förbättra det ultravioletta skyddet.     
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Popular Abstract  
Parcel shelves in cars are exposed to a large amount of sunlight and heat, this can 
make the material fade or change in colour. The material can also become weaker 
due to the sunlight and heat. The sun radiates ultraviolet light that leads to 
negative effects on the material. The parcel shelf is made of polyester that is a so-
called man-made fiber, this means that it is not to find naturally in nature.  
 
In order to find a solution to the problem, literature studies were done to identify 
alternative manufacturing methods and materials. Different experiments were also 
performed, one of them in a Weather-Ometer to see what happens with the 
material when it is exposed to ultraviolet light. A Weather-Ometer is used to 
simulate the ultraviolet light and heat, as the parcel shelf is exposed to outdoors. 
Two different tests to analyse the different substances in the material were also 
performed, FTIR and GCMS. These test were done to find out where the problem 
occurs in the process today.  
 
The results showed that instead of polyester, an acrylic base polymer could be 
used. Another conclusion was to use different types of colouring and dye 
methods. Various chemical additives that absorb the radiation can also be added. 
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1 Introduction  
 
This chapter will introduce the reader to the project. It will also give the reader a 
larger knowledge about the study. It contains background of the problem, the 
projects aim, question at issue and delimitations.  

1.1 Background 
Today most people think that the car industry should take a larger responsibility 
and act as a role model in environmental issues. The customer’s wish for 
knowledge about the company’s involvement regarding the environment is also 
increasing. Future drivers think that the environmental issue is the most important 
when it comes to choosing a car. The car is not only a vehicle but also a way to 
express their personal opinions. (Kassim & Milojkovic 2010) 
 
At Volvo Cars (2014a) homepage it can be read that quality is one of the 
cornerstones and the company’s goal is to reach excellent customer satisfaction. 
Not only regarding the product development and production but also in the 
logistics and to fulfil the customer’s needs and expectations.  
 
Volvo Cars is one of the worlds leading companies when it comes to producing 
cars. The main production is located in Gothenburg, Sweden and in Ghent, 
Belgium but they also have production in China and Malaysia. (Volvo Cars 
2014a) In December 2013 Volvo Cars had 23 200 employees. The cars are sold in 
over 100 countries. Even if Volvo Cars is a small producer they sold 421 951 cars 
in 2012. The net income last year was about SEK 960 million. (Volvo Cars 
2014b) 
 
Most of Volvo Cars parcel shelves are produced in polyester and dyed using 
dispersion dyes. There are three different producers involved during the 
production of the parcel shelves. One supplier produces the fiber, one the 
nonwoven and finally one supplier moulds it.1  
 
Volvo Cars are produced and sold throughout the whole world, meaning that the 
car is exposed to different kinds and amount of light and heat. The cars must 
therefore hold a good quality with stable details that can manage these strains. 
The parcel shelf is one of the parts in the car that is most exposed to ultraviolet 
light and heat, today there is a problem with drifting in colour.2 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!
1!Patrik!Tropp!Volvo!Supplier,!interview!April!22th!2014.!!
2!Britta!Mattson Technical Expert Ageing Polymer Materials,!interview!April!
10th!2014.!
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If the problem is not to be solved this might cause refunds, and from an 
environmental point of view this is an issue because of the possible waste.  

1.2 Todays Parcel Shelf 

 

Figure 1: The process 

1.   In the first process the fibres get spun and then dyed. The polyester is first 
a liquid substance that goes through a spinning pump and into a spinning 
nozzle that decides the cross section of the fiber. The fibres are dyed and 
sent to the next supplier. 

2.   When the fibres reach the next supplier, different shades are mixed 
together to reach the right colour. They are forming a batt that are placed 
into the nonwoven machine to needle punch the material. The result from 
this process is a needle-punched fabric.  

3.   When the polyester fabric reaches the last supplier it is formed together 
with another piece to create the parcel shelf. This piece is used to get a 
more stable construction. The two materials are placed on top of each 
other and are then heated up. After that they are introduced in to the cold 
moulding tool and pressed together to achieve the final shape. Additional 
parts such as seat belt guides, insulation material etc. are mounted and the 
complete parcel shelf is sent to Volvo.   

4.   At Volvo the parcel shelf is mounted into the car.  
 
 

1.Fibers 2.Nonwoven 3.Moulding 4.Installation 
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Figure 2: Ishikawa Diagram 

To make sure no possible aspects were forgotten the project started by doing an 
Ishikawa diagram. All aspects were taken into account. Based on the aim and 
questions of issue the most relevant aspects where chosen and examined. 

1.3 Aim  
The purpose is to find out why the parcel shelf made of nonwoven polyester drifts 
in colour when exposed to ultraviolet light and heat. The aim is also to find out 
what happens to the material when it ages and how the problem could be solved.   

1.4 Question at Issue  
Today the parcel shelves does not fully fulfil the requirements about resistance to 
ultraviolet. The functional requirement: minimum Grey Scale 4 with no change of 
colour tone.  
 
These questions were formed to build the base of this study:  

• What happens to the material when it is exposed to ultraviolet light and 
heat? 

• In which way can nonwoven polyester be protected from ultraviolet light 
and heat? 

• Where does the problem occur in today’s process?  
• Can an improvement be done in the current process, if so where? 

 

1.5 Delimitations 
This report will mainly focus on finding the reasons behind today’s change of 
colour from ultraviolet light and heat. Researches about alternative materials and 
additives to the parcel shelves have been done to enhance ultraviolet protection. 
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The test material has been given to us from Volvo Cars and their suppliers. Three 
test methods will primarily be used in this project.  
 
The colour tones are predetermined and also the manufacturing methods, this will 
not be taken into account. Ultraviolet radiation and heat are the only strains that 
will be taken into account in this report. The product will not be compared with 
competing products.  
 
The lack of access to materials will be a disadvantage. The material that is used in 
this study is given from Volvo Cars because the lead-time of other materials is too 
long. Colouring methods will not be taken into account. 

2 Theoretical Study 
In this chapter the findings from the literature survey will be presented. This to 
introduce the reader to the problem and to understand the issue. 

2.1 Ultraviolet Light 
Visible light is defined as the wavelength between 400 to 700 nanometres. The 
light that can be seen by the human eye is between the ultraviolet light with 
shorter wavelengths and infrared light with longer wavelengths. Light is 
intrinsically electromagnetic radiation. When a source of light is reflected to 
artefacts the radiation with different 
wavelengths is reflected back to us and 
that can make us perceive different 
forms and colours. Electromagnetic 
radiation has a really large spectrum. 
Depending on which wavelength the 
radiation has, it can be everything from 
gamma rays to radio and transmission 
signals. 
 
The ultraviolet light radiation, as can 
be seen in figure 3, is placed between 
the “visible light” and the “X-rays” 
and has a wavelength that ranges from 
200 to 400 nanometres. Depending on 
which wavelength, the ultraviolet light 
is divided into several different 
radiations. The UVA (315-400nm), 
UVB (280-315 nm) and the UVC 
(100-280 nm) where UVC have the 
shortest wavelength.   

Figure 3: Spectroscopy Radiation, Wikipedia 2014 
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The ultraviolet light can ionize molecules and because of that also result in 
chemical reactions. The light is an environmental mutagen and can therefore be 
dangerous for the skin if the reactions induce on the skin. (Maverakis, Miyamura, 
Bowen, Correa, Ono & Goodarzi 2010)   
 

2.2 Material 

2.2.1 Polyester 
Polyester is a man-made fiber. To produce the fiber some condensation reaction 
between terephtalic acid or dimethyl terephthalate and ethylene glycol has to be 
developed. Then the polymer is extruded and also cut into smaller pieces, which is 
first dried and then placed in the melt-spinning machine. The melt is then fed 
through the spinneret of the machine to become solid when it makes contact with 
air. The fibres are then stretched to get the proper strength and to orient the 
molecular chains.  
 
The polyester fiber is about 65-85 % crystalline and 35-15 % amorphous and Van 
der Waals bonds mainly keep the polymer chains together. The polymer also 
contains in lesser extent hydrogen bonds. The ester groups in the polymer have 
the trans configuration. (Karmakar 1999, pp. 27-29) 
 
The polyester fiber has good tenacity, high resistance to alkali but not so good 
resistance to heat. It has also high ultraviolet resistance. Some strong alkalis 
together with high temperature can make the fiber to hydrolyse and later degrade. 
The same happens when concentrated acid disintegrates the fiber. (Humphries 
2009, pp. 66-67) 
 
Because polyester is a man-made fiber it can be modified in several different 
ways to improve the properties. Chemical modifications are possible, the fiber can 
for example receive better flammability properties, better moisture regain and 
better static accumulation by these modifications. Several attempts by developing 
homo- and co-polyesters have showed improved properties.  
 
Polyester is usually given a round shape when extruded, but like most other 
properties the cross-section can also be 
modified. For example DuPont makes the 
fiber trilobal and Fortel makes it T-shaped. 
How the cross-section is modified can also 
make the fiber appear different. Both how it 
feels to the skin and also how it is reflecting 
the light. (Karmakar 1999, pp. 27-29)  

Figure 4: Polyethylene Terephtalate 
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2.2.2 Acrylic 
Acrylic is a man-made fiber that needs five different steps to be produced: 
synthesis, extrusion, washing and drawing, drying and crimping and relaxing. The 
acrylic fiber is about 70-80 % crystalline and 20-30 % amorphous. Like polyester 
fibers the acrylic fibers can have different cross section depending on how it is 
produced. The degree of polymerisation is about 2000.  
 
Acrylic fiber have medium to high tenacity and medium elongation. The elastic 
recovery is medium and high alkali resistance. Acrylic fiber has very high 
ultraviolet resistance, medium oil absorption and low moisture regain.  
 
The dyes that can be used on the acrylic fiber are cationic dyes, disperse dyes and 
pigment dyes. Dyes which have the best results from ultraviolet light is the 
pigment dyes but also the disperse dyes gives a relatively good result. If the fiber 
is solution dyed it has very good resistance to light. (Humphries 2009, pp. 69-70) 

 

 Table 1: Polyester VS Acrylic  

!
4=very good, 3=good, 2=fairly good, 1=fair, - poor/non 

 
As can be seen in table 1 acrylic and polyester are rather similar when it comes to 
properties. Acrylic is a bit better when it comes to ultraviolet protection. It has 
also better tenacity properties and is better when exposed to alkali.   
 

2.3 Fabric Manufacturing Method 
Needle punch was initially developed in order to be able to produce nonwoven 
from fibres, which cannot be felted such as wool. In the machine, needles 
entangle the fibres. The needles are moving up and down through two fixed 
plates, between them the batt is placed. Each plate that holds the needles should 
be able to move freely. Using a feed-system the batt is moving through the 
machine. Batt are fed into the machine and out comes a fabric. When the fabric is 

Material
: 

Tenacity
: 

UV-
resistance
: 

Heat-
resistance
: 

Absorbency
: 

Alkali
: 

Acid
: 

Polyester 
 
 
 

 
3 

 
3 

 
1 

 
- 

 
2 

 
4 

Acrylic 
 
 
 

 
2 
 

 
4 

 
1 

 
- 

 
3 

 
4 
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complete there are different types of finishing to use: singing, coating, printing 
and laminating are examples of ways to do that. (Russell 2007, p. 223) 
 
Nonwoven fabrics are made of fibres and that are put together with barb-equipped 
needles. How many barbs that are used in a specific needle depends on the depth 
of the material that the needle goes through. The depth is defined as the distance 
the needle goes down from the upper plate. According to Hearle & Purdy (1974) 
materials structure is significantly affected of the amount of barbs that are used.  
 
The largest amount nonwoven today is mainly produced from man-made fibers, 
about 90 %. Distributions of materials that are used: 
 

• 63 % PP 
• 23 % PET 
• 8% Viscose 
• 2% Acrylic 
• 1,5% PA 
• 3% Others 

 
Nonwoven fabrics are most used in construction and the hygiene industry as 
disposable towels and napkins. Another large costumer is the car industry. There 
are many different ways to needle felt. Some of them are felt, melt-blown, wet-
laid and needle punch (Russel 2007, p. 5-6). The last mentioned, needle punch is 
the one used to make some of the parcel shelf in Volvo’s cars.3 Needle punched 
fabric is sometimes also called needle felts. These textiles are manufactured 
mechanically with help of needles. (Russell 2007, p. 223) 

2.4 Dye Method for Synthetic Fibres 
When synthetic fibres were introduced to the market a big problem occurred, the 
dyes that were used to dye natural fibres did not work on the synthetic fibres. The 
development of dispersed dyes began. Because polyester is highly crystalline and 
hydrophobic it is not easy for dyes to penetrate the fibres. Disperse dyes are the 
only dyes that can be used with a good result. (Choudhury 2001, p. 40)  
 
Dispersed dyes are described: “a substantially water-insoluble dye having 
sensitivity for one or more hydrophobic fibres, e.g. cellulose acetate or polyester 
and usually applied from fine aqueous dispersion” by the Society of Dyers and 
Colourists (SDC). (Society of Dyers and Colourists 1977) 

To diffuse into the fibres in the best way the particles should have a low 
molecular weight, 400-600 M. The dyes are called dispersed dyes and the dye 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!
3!Patrik!Tropp!Volvo!Car!Supplier,!interview!April!10th!
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particles are held in the fibres using surface-active agents. Imperial Chemical 
Industries developed a classifying method of dispersion dyes, where the classes 
are A-D. The dyes with the lowest molecular weight and therefore poor 
sublimation fastness is the A class and the ones with high molecular weight and 
good sublimation fastness is called D. Other manufacturing companies such as 
SDC and BASF had their own classification methods. The most used dispersed 
dye is azo dyes.  
 
Azo dyes are dyes compounding at least one azo group attached to sp2hybridized 
carbon atom: 
 
 
 
 

Figure 5: Sp2hybridized Carbon Atom 

Over 50% of the dispersed dyes in the world are azo dyes. One reason to its 
magnitude is because it has replaced many convectional dyes, such as 
anthraquinone. The azo dyes are much cheaper and have a bigger tinctorial 
strength. Azo covers most of the colours, from blue-green to yellow. As every dye 
even azo dyes have downsides, it is hard to get duller shades and it has low 
fastness to light. Low cost still makes it to the most used disperse dye.  
 
The aminoazobenzene dye has been the most important dye during the early 
process of dying polyester fiber:  
 
 
 
 
 
 

Figure 6: Aminoazobenzene 

Amino benzenes are a donor-acceptor chromogen X, Y and Z are electron-
accepting and R1 and R2 are electron-donating are favourably placed to create 
visible colours:  
 
 
 
 
 
!
Figure 7: Dispersion Yellow 3                             Figure 8: Dispersion Orange 25 

 
 

!
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Figure 9: Dispersion Red 167                                Figure 10: Dispersion Violet 23 

 
 
 
 
 
 

Figure 11: Dispersion Blue 79 

!
Because heat treatments often is used in the finishing of polyester it is an 
advantage if the dispersed dye have small molecules, are non-ionic and have a 
low molecular weight, this to have the best protection against dry heat. If the 
structure and side chains of terminal amino nitrogen are modified, a higher 
fastness to heat can be achieved. The hydroxyl group is a particular effective 
group but can have a negative effect on light fastness, this must be kept in mind. 
If the total mass is increased it may affect the effectiveness in these groups. 2-
acetylamino groups can also have a negative effect on heat fastness. If a 
heterocyclic ring replaces a carbocyclic ring it can increase the fastness. 
(Joonseok 2011, pp. 196-205) 
 
Another factor is that the fabric often is exposed to sunlight, and dyes have a 
tendency to fade when exposed. There is a close link between chemical structure 
and light fastness, but there are also other factors that affect the light fastness: 
 

1. Photo stability of the dye: 
The chromophoric nuclei are the most important element to the 

 light fastness, however if they are replaced with nuclear substitutes 
 the fastness can be improved significantly.  

2. Concentration of dye inside the fiber: 
Generally increasing dye concentrations leads to higher fastness. 

3. Which fibers are used: 
Different types of fibres contain different chemical groups, which 
can have a big effect on the light fastness. 

4. Composition of the atmosphere:  
The content of moisture in the atmosphere can have a great effect 
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 on the fading process. 

The two most important reactions, oxidation and reduction are pathways for 
fading dyes. But the photo oxidative process is responsible for most of the fading: 

 

 

 

Figure 12: Photo Oxidation Process 

 

Investigations have been done, concentrated on how to improve the stability to 
light on a molecular level. Research of less basic substituent has been done. 
Heterocyclic moieties into 1,4-diaminoanthraquionne leads to blue-turquoise 
dyes, these dyes have a superior light fastness, which is attributed to electron-
withdrawing effect that comes from the imide groups. (Joonseok 2011, pp. 196-
205)  

2.5 Moulding 
The needle-punched polyester is first heated using infrared heating. It is then 
placed in a cold moulding tool that gives the polyester its right shape. The last 
step is to place the part in a cutting machine and cut it into its final shape.4 

2.6 Polymer Degradation 
Polymer degradation is a major factor that needs to be taken into account when 
polymer material is used. Environmental factors that will start the polymer 
degradation are heat, light, microorganisms, chemicals and so on. The degradation 
is a result when the polymer is exposed to these types of factors, in some cases 
degradation is required but in many cases undesirable. To extend the life of the 
polymers, stabilizers are used in many cases. (Kowollik, Gründling, Falkenhagen, 
p. 437)  

2.6.1 Thermal Degradation 
When polymers are exposed to heat the material gains energy. This overload of 
energy causes the bonds to break, the first bonds to be broken are the covalent 
bonds. The temperature where this happens is called thermal degradation 
temperature. When the material degrades most of the properties are changed and 
damaged. The fiber becomes weaker in stiffness and strength. Thermal 
degradation is most common when the material is processed. The more the 
material is processed the more degraded it becomes. Therefore polymers have a 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!
4!Patrik!Tropp!Volvo!supplier,!mail!contact!May!20th!2014!
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thermal history, a function of the number of times the material has been 
processed. Each time the material is exposed to heat degradation occurs, even 
though it is below the materials thermal degradation temperature. This is called 
ageing, this could not be avoided in a good way but thermal stabilizers can extend 
materials life span that are intended for long-time used. (Strong, pp. 123-125) 

2.6.2 Ultraviolet Degradation 
The ultraviolet light degrades the polymers in two different ways. First it adds 
energy to the polymer, like all heating does. This leads to thermal degradation. 
Then the ultraviolet light cause the electrons to excite in the covalent bonds, this 
leads to higher energy levels among the electrons. The bond becomes weaker and 
can more easily break. The major difference between ultraviolet light and heat are 
the energy. The different intensities are recognized by different frequencies of 
light energy. The equation describes the relation between energy and frequency: 
 

! = !" 
 
E is energy, h is Planck’s constant and v stands for the frequency of the vibrations 
in the light. Ultraviolet light is especially bad for polymers since the energy is 
close to the energy level in the bonds between the atoms, therefore the energy can 
cause bonds to brake. (Strong 1996, p. 128) 

2.7 Absorbents 
In Tsatsaroni and Eleftheriadis (2004, pp. 141-147) study, ultraviolet absorbers 
were examined on polyester fibres dyed with disperse dyes. This because the 
disperse dyes have showed low light fastness. This is especially important in the 
automobile industry since the cars are exposed to a lot of heat and ultraviolet 
light. The study showed that using of 2-(2-hydroxy-5-carboxy-phenyl)-2H-
benzotriazole in the dyeing with disperse dyes have showed an improvement in 
the light fastness. Therefore an establishing of its usefulness as an ultraviolet 
absorber for the benzotriazole series can be done.  

Tinuvin P and 327 [2-(2-hydroxy-5-methyl-phenyl) 2H-benzotriazole, 2-(3,5-
butyl-6-hydroxy)-2H-2-chloro-benzotriazole respectively] and 2,4-dihydroxy-
benzophenone showed improved light fastness when used together with dyes.  But 
it is still low because of the high risk for this dye to photo degrade. (Tsatsaroni & 
Eleftheriadis 2004, pp. 141-147) 

DHB, (2,4-dihydroxybenzophenone) showed the best results compared to Tinuvin 
P, [2-(2-hydroxy-5-methylphenyl)-2H-benzotriazole] and Tinuvin 327, [2-(3,5-di-
t-butyl-6-hydroxyphenyl)-2H-2-chlorobenzotriazole]. DHB had a lower 
percentage of the content needed on the fabric, with the same light fastness as the 
other two. Nevertheless, Tinuvin P appeared more effective, regarding the light 
fastness because of the higher content of the absorber on the fabric (Kehayoglou, 
Tsatsaroni, Eleftheriadis, Loufakis, Kyriazis 1997, pp. 207-218)  
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According to Nazari, Montazer, Mirjalili & Nazari (2012, pp. 511-520) better 
ultraviolet protection was obtained by a treatment with nano titanium dioxide 
(NTOp) and polysiloxane (PS). Were the NTOp worked as an ultraviolet absorber 
and the PS as a stabilizer. It was shown when the polyester was treated with this, 
the anatase crystal structure in NTOp absorbed the ultraviolet radiation and 
significantly decreased the discolouration of the colour. The particles were 
applied to the polyester using the PS as a cross-linkable agent. Which also help 
the NTOp particles to diffuse better into the polyester and stabilize it.  

2.8 Weather-Ometer 
Here is how the manufacturers describe their ATLAS Weather-Ometer:  
 
The Ci4000 Weather-Ometer, with its advanced digital control system, represents 
monumental achievement in applying digital and optical technologies in an easy 
to use laboratory-weathering instrument. The Ci4000 is approved by many OEMs 
in the automotive, paints and coatings, and plastics industries as the exclusive 
platform to deliver accurate, reproducible and repeatable results for predicting 
service life. The Ci4000 has been certified CE, UL, CSA, ISO and EN compliant. 
(ATLAS n.d.) 
 
The material is placed in a chamber where it is exposed to lamps that simulate 
sunlight. In this chamber it is possible to see how much sunlight and heat the 
material can withstand in a shorter time than outside, it is called accelerated 
weathering tests. Generally the samples are compered to other samples that has 
not been in the chambers and in that way determined the differences. The property 
loss is noted as the result. Trials to compare this test with materials that have been 
exposed to real sunlight have been done but unsuccessful, mostly because the 
variations in the weather. (Strong 1996, p. 634) 

2.9 FTIR 
This method is mainly used for the analysis of polymer structures and functional 
groups. With this method, pure polymers, mixed polymers, surfaces and 
degradation products can be analysed. The method can give a qualitative 
identification of a material and it could also show what a sample consists of. This 
test is a time saving method because the results are showing quick. (Albertsson, 
Edlund & Odelius 2012, pp. 228-229) 
 
The technology is based on how infrared radiation affects the molecular vibrations 
in the sample being tested. It sets them in motion. Energy absorbed at different 
wavelengths is then measured and the vibrational spectrum is obtained. This can 
then show characteristic peaks indicating the atomic configurations. (Askengren 
& Co. n.d.) 
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The peaks are then compared to different IR-spectra that are earlier collected. 
Several different solvents or solids can be analysed. Either a polymer film, a 
dissolved material or just on top of the material in question.   
 
The infrared light covers wavelengths from 0.75 !"!to 1000 !", where the most 
important area for polymer analysis is 2.5 !" to 50 !". (Albertsson, Edlund & 
Odelius 2012, pp. 228-229) 
 
If polyester has degraded the FTIR analyse will show that. When polyester is 
degraded, carboxyl end groups are formed. (Fechine, Rabello , Souto Maior & 
Catalani 2004) 

2.10 Soxhlet Extraction 
The German chemist Franz Von Soxhlet invented the Soxhlet Extraction in 1879. 
In the beginning the machine was used to extract a lipid from a solid material. 
Nowadays it is not limited to just extract lipids. (Jensen 2007) 
 
He discovered that if a material was put in a cellulose thimble and then put over a 
boiling solvent, it would be evaporated. The solvent that was needed had to be 
suitable for the material that was going to be evaporated. When the solvent is 
heated a reaction starts and makes the solvent drip through the cellulose thimble.  
The residue is to be found in the boiling flask after extraction, this is used to later 
analyses. It takes several hours and also cycles making the material evaporate to a 
residue. (Arment 1999)  
 
When the material has been put in the thimble, the thimble is placed into the main 
chamber of the Soxhlet Extraction. The solvent that is suited for the material is 
poured to a boiling flask, which is distilled and then put on a heating plate. The 
Soxhlet chamber is then put on top of the boiling flask and a condenser is linked 
to the Soxhlet chamber. The flask with the solvent is then heated to start the 
reaction. The condenser ensures that the solvent is pouring back into the flask and 
it also helps to cool down the system.  
 
Inside the cellulose thimble the warm gathered solvent makes the material slowly 
dissolve. When the chamber, which contains the thimble, is full, this is 
automatically emptied, and the solvent is pouring back down into the flask. The 
cellulose thimble now helps to ensure that nothing of the solid material is mixed 
with the solvent and making it stays in the thimble.  
 
The advantage of using this method is that the solvent is reused during all the 
cycles instead of using a lot of solvent constantly. (Anabolicminds Archive 2003) 
See figure 13. 
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Figure 13: Soxhlet Extraction, Wikipedia 2014 

2.11 GCMS 
This test was conducted to identify and quantify low molecular weight substances 
and polymer decomposition substances. The low molecular weight substances can 
be monomers, catalysts and solvents. It also includes additives and degradation 
products. (Albertsson, Edlund & Odelius 2012, pp. 233-235) 
 
The GCMS instrument is made of two parts, the gas chromatography (GC) and 
the mass spectrometer (MS). The GC part separates the chemical mixture and 
convert it into pure chemicals. The MS part identifies and quantifies the pure 
chemicals. The chemicals are separated based on the ease, which they can 
evaporate into a gas. Different chemicals evaporates in several ways, in general 
the small molecules evaporates more quickly than larger molecules. The MS is 
then used to identify chemicals based on how they are kept together, their 
structure.  
 
The first step is to inject the sample into the sample injector, see figure 15. One 
microliter of the sample, which contains the molecules, is injected. The inject port 
must be heated to 300°C to make the samples with chemicals turn into a gas. A 
non-reactive gas, usually helium, needs to carry the sample through out the test. 
The sample is then transported through the column placed inside an oven. The 
oven is used to make the molecules move through the column with help of heat. 

1. Stirrer bar/anti-bumping granules 

2. Still pot (extraction pot) - still pot 

should not be overfilled and the 

volume of solvent in the still pot 

should be 3 to 4 times the volume of 

the soxhlet chamber. 

3. Distillation path 

4. Soxhlet Thimble 

5. Extraction solid (residue solid) 

6. Syphon arm inlet 

7. Syphon arm outlet 

8. Reduction adapter 

9. Condenser 

10. Cooling water in 

11. Cooling water out 
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The temperature ranges from 40°C to 320°C. In the column the chemicals are 
separated. Different chemicals travel more quickly than others depending on their 
volatility.  
 
The second step is then the MS. In this step the molecules are turned into positive 
charged ions, with help of electrons. They have to be positive charged when 
passing through the filter. This filter is an electric magnetic field that filters the 
ions depending on their mass. The mass, which the ions filters can be determined, 
based on the requested results. Then a special detector counts the ions with the 
requested mass. The information from the counting is sent to a computer and a 
graph is created. This is the mass spectrum which shows the different masses 
based on how they travelled through the electromagnetic field. (Oregon State 
University 2013) 
 
 
 
 
 
 
 
 

 

Figure 14: GCMS, Wikipedia 2014 

3 Method  
In this chapter the method will be carefully described.  

3.1 Collecting Information 

3.1.1 Literature Survey 
The information that has been used comes from different sources, books, articles, 
encyclopaedias and journals online. Most of the literature was borrowed from the 
library at the University of Borås. Material and books that has been used earlier in 
our studies have also been a big help. Databases as World Textiles, Summon and 
Woodhead publishing online have been used to get a deeper knowledge about 
ultraviolet radiation, materials, additives and so on. Some of the search words that 
were used are: ultraviolet resistant materials, synthetic materials, ultraviolet 
protection, ultraviolet protected dyes, polymer degradation, FTIR, GCMS, 
ultraviolet absorbers, nonwoven, Soxhlet Extraction. Google Scholar was also 
used in a small extent. Volvo Cars documentation about their parcel shelves has 
also been a big help.  
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3.1.2 Meetings and Interviews  
To get a good insight into the problem and understand how a solution could be 
reached a series of meetings were held at Volvo Cars. The meetings were held 
with regular intervals to report results and get feedback, but also to get answers to 
questions. A good insight in the processes were needed to be able to identify 
where todays problems occurred, leading to that the parcel shelf can withstand 
ultraviolet radiation poorly. A deeper knowledge about today's material selection, 
manufacturing processes, any coatings and specifications were needed to gain a 
understanding before research could begin. 
 
The project started up with a meeting with Volvo Cars in which the problem was 
presented. A series of meetings were then held to discuss the structure of the 
report, which questions would be answered, what information we would have 
access to and the demands made on the essay. It was concluded that two reports 
had to be written, a bachelor report and a report to Volvo Cars. Other meetings 
were held with some of Volvos suppliers and Volvos own experts in the area. The 
meetings were unstructured and qualitative.   

3.1.3 Criticism of the Source 
To make sure that the information used in this essay is correct the sources were 
questioned in many ways. The articles that were chosen are peer-review to make 
sure that the information is correct and reliable. Since the literature has a lot of 
sources some of them were picked and controlled, in that way the good literature 
could be separated from the texts that did not meet our expectations. To get the 
best and most reliable results of the literature survey the authors were examined, 
by looking into their earlier work, possible connections to companies and if other 
writers have referred to them.  

3.2 Material 
Volvo gave the material to this study. It is a needle-punched polyester. The 
material is dyed with dispersed dyes.   

 
 

 

 

 

 

 

 

 

Figure 15: Material  

Name: Material: 
Mocca Brown 100 % Polyester 
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3.3 Experiments 

3.3.1 Weather-Omether  
This test was performed to see how the parcel shelves changes in colour when 
they are exposed to ultraviolet light and heat.  
 
• Test Machine: Weather-Ometer Ci4000  
• Specimen: Nonwoven polyester 
• Weight: 3,2 grams 
• Size: 15 cm x 5 cm 
• Time in the machine: 300 hours 

 

Table 2: Samples 

!
 
The Volvo supplier handed the samples. Two pieces from a parcel shelf were 
punched out, one of them were put in the Weather-Ometer (sample A) and the 
other one was saved for later use (sample B).  Samples were also taken from a 
master sample (sample C and D) and the same procedure was done. The pieces 
that were placed in the Weather-Ometer were then exposed to heat and radiation 
from a xenon lamp.  
 
The supplier of the test machine is ATLAS and the model is Ci400. The Weather-
Ometer keeps a chamber temperature of 66 °C, black standard temperature of 
100°C and a humidity by 20 %. The first samples that were tested had been inside 
the chamber for 400 h. To measure the results the samples were compared with 
the samples that had not been in the chamber. This by looking at them in a 
lightning booth with D65 light and compares them with a Grey Scale to determine 
the difference. The Grey Scale is graded from 1-5, where 5 mean no differences in 
colour. 
 
When the parcel shelf is going to be tested, a number of things have to be 
considerate. The parcel shelf shall be conditioned in a room with a temperature 
range of +23° C ± 2° C and a relative humidity of 50% ± 5% for at least 24h. 

Sample: Type: Exposed to UV and 
heat 

A Parcel shelf Yes 
B Parcel shelf No 
C Master sample Yes 
D Master sample No 



!
!

18!

3.3.2 FTIR 
To find out if the polyester has degraded a FTIR analyses was done. The results 
will show if there are any differences between the aged and not aged samples. 
 

• Test Machine: Nicolet iS50 FTIR 
• Specimen: Nonwoven polyester 
• Weight: 3,2 grams 
• Size: 15 cm x 5 cm 
• Time in the machine: 1-2 minutes 

 
The drive with residue after Soxhlet Extraction. 
 

• Test Machine: Nicolet iS50 FTIR 
• Specimen: Residue from polyester 
• Time in the machine: 1-2 minutes 

 
 
Samples that have been exposed to heat and ultraviolet light in 400 h in the 
Weather-Ometer were used to do the IR-spectroscopy. A sample that had not been 
exposed to heat and xenon lamp in the Weather-Ometer were also tested and 
compared. The machine that was used in this test is from the supplier Thermo 
Scientific and models name: Nicolet iS50 FTIR. Before, between and after the 
sample collections the machine was carefully cleaned with ethanol to make the 
results as exact as possible. Between every run the machine was calibrated. Three 
tests on every sample were done, each test on different spots of the sample, this to 
eliminate eventual external stresses.   
 
Another IR-spectroscopy was done from the result after a Soxhlet Extraction. The 
machine was cleaned before and between every test, also it was calibrated 
between the runs to get the most exact result. Instead of having test pieces there 
was specimen from the extraction who were placed in the spectroscopy.  
 
 
 
 
 
 
 
 

 

 
 

Figure 16: FTIR Analyses  
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3.4 Soxhlet Extraction 
This extraction had to be done before the GCMS test to get residue for analysis. 
Two different solvents were used to see which one was the best match for 
polyester, acetone (CH3COCH3) respectively ethanol (C2H5OH). 
 

• Test Machine: Mettler Toledo, calibrated by SP 2014 (scale) 
• Specimen: Nonwoven polyester 
• Weight: 1,2365 g, 1,3402 g, 1,9011 g, 1,8967 g 
• Time in the machine: 18 hours 

 
To this test the same samples as in the first FTIR run were used. First the top layer 
was removed, and cut into smaller pieces. All material and equipment were also 
carefully weighted on the scale: Mettler Toledo, calibrated by SP 2014. The 
results from this were noted. The pieces were equally divided into four different 
cellulose thimbles (2), two with the Weather-Ometer tested pieces and two with 
the non-tested pieces. Test number 1 and 2 were aged in the Weather-Ometer, 3 
and 4 was not. Two decilitre of each solvent, acetone (CH3COCH3) respectively 
ethanol (C2H5OH) was poured into four different flasks. The cellulose thimbles 
were placed in an extraction chamber (3), which were connected to the boiling 
flask and a condenser (1). Test 1 and 3 were placed on the boiling flask that 
contained CH3COCH3 and 2 and 4 over the flask that contained C2H5OH. With 
heating from hotplates (5) the reaction started and proceeded for 18 hours.    

 

 

 

 

 

 

 

 

 

 

 

 

                    Figure 17: Soxhlet Extraction 

 
 
 

 

1. Condenser 

2. Cellulose Timble 

3. Extration Chamber 

4. Boliling Flask 

5. Hot Plates 
!
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3.5 GCMS 
This test was performed to analyse the different substances of the samples. The 
result will show what happened with the material when it was aged in the 
Weather-Ometer.  
 
The residue that was used was recovered from sample 1 and 3 from the Soxhlet 
Extraction. 3 ml acetone was blended into the flask with the residue. The solvent 
was put in a distillate container with a pipette and sealed. Before the residue could 
be tested in the Agilent Technologies 5975B inert XL MSD a clean test was run. 
This was done to make sure that no left overs from earlier tests were still in the 
machine. After this a run with clean acetone was done. Then test 1 and 3 were 
run, between them a run were made with clean acetone to clean the machine.1 !" 
solvent was injected in the machine with a syringe each run. The machine started 
at 35° C and was heated up to 300°C, the residue was in the machine for 51 
minutes. 
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Figure 18: Injected Residue                                                   Figure 19: GCMS 

4 Results  
The results of the experiments will be presented in this chapter. 

4.1 Weather-Ometer 
Figure 20 shows sample A (left) and sample B (right). A has been exposed to 
ultraviolet light and heat and sample B has not. These samples were taken from a 
parcel shelf. As can be seen exposure caused a change in colour. After evaluation 
in a light booth, the colour drift was rated 3 compared to a grey-scale, which 
means a rather big change in colour since a 5 on the scale does mean no change in 
colour at all. 
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Figure 20: Sample A and Sample B 

Figure 21 shows sample C (left) and sample D (right). C has been exposed to 
ultraviolet light and heat and sample D has not. These samples were taken from a 
master batch, i.e Volvo´s reference samples. As can be seen the exposure caused a 
change in colour. After evaluation in a light booth, the colour drift was rated 4-5 
compared to a grey-scale, which means only a slight change in colour since a 5 on 
the scale does mean no change in colour at all.  
!
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 21: Samples C and Samples D  
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4.2 FTIR 
The results from the FTIR showed clear diagrams and were easy to compare to 
each other.   
 
Figure 22 shows the FTIR results from sample A and Sample B. The top three 
graphs show the result from sample B, not aged. The bottom three graphs are 
showing the aged sample, A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 22: FTIR Results 

The peaks show which molecule groups the sample contains. Depending on where 
the peaks are on the spectra it reflects different groups. Since the diagrams have 
no change in the fiber structure, the conclusion can be drawn that the reason to the 
change of colour is not to be seen. The results of each and everyone see appendix 
1-8. If the polyester would have degraded, higher amounts of carboxyl end groups 
would have been shown at an approximately wavelength of 1700 cm-1. As can be 
seen in the diagram both aged and not aged sample have the same peak height, 
which means that polyester has not been degraded. 
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Figure 23 shows the result from FTIR using the residue from Soxhlet Extraction. 
The top graphs are from aged specimens that were extracted with acetone and 
ethanol. The bottom graphs show not aged specimen.   

 

 

 

 

 

 

 

 

 

 

Figure 23: Results After Soxhlete Extraction 

The result from the second run showed bigger differences. As can be seen the 
peaks with wavelength 725 cm-1, 1250 cm-1 and 1750 cm-1 are higher when the 
material are aged. This indicates increased groups of:  

 
 

 
Figure 24:Hydrocarbon Groups                                         Figure 25: Carbon Nitrogen Groups 

 

 

 

Figure 26: Carboxyl Groups 

 
The peaks with wavelength approximately 1700 cm-1 indicate that polyester has 
degraded when aged and extracted by Soxhlet Extraction.   
For more detailed results see appendix 9 and 10.  
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4.3 Soxhlet Extraction 
 

 
Figure 27: Residue After Soxhlet Extraction 

 
Tabel 2 shows the weight (g) after the extraction. It shows that acetone was the 
best solvent for the polyester samples these gave the most residues. Samples 1 and 
2 are aged in a Weather-Ometer, sample 3 and 4 was not. More residues could 
have been extracted if more polyester samples had been available. The residue 
from the acetone will be used in later test.   
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4.4 GCMS 
!

!
!
 

Figure 28: Results After GCMS 

The GSMS test showed that both aged and not aged samples consists of phthalates 
that are used to soften the polymer. The sample that has not been aged has more 
phthalates than the sample that has been aged. The test also shows that in the 
sample that has not been aged it contains substances of eicosane that the aged 
sample has not. Eicosane is an alkane and has the chemical formula C20H42.  
  

Phtalate 

Long Hydrocarbon 

Eicosane 
Hexadecane 

Phtalate 
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5 Discussion 
The discussion is the writers own reflections and thoughts about the work and 
how it has prosed. Here they are interpreting the result and what could be done 
different to get better results.  
 
When you are going to buy a car you will look for good quality and high safety. 
The higher price you pay, the higher standard you expect. We believe that if one 
detail is not good enough the customer can lose the confidence in the brand. It 
was therefore interesting to investigate the problem with the parcel shelf and try to 
develop it to be better. This together with the knowledge we had from before, and 
with new knowledge we have gained along the way. 
 
When we started the project we thought the hard part would be to find out how 
the parcel shelf could be improved and not where the problem was to be found. 
We were wrong. The hardest part was to get in touch with suppliers and get 
access to their information. This led to much work about how the parcel shelf 
could be produced, along with the information suppliers could give us, we could 
slowly get a picture of the possible production chain. 
 
The parcel shelves today are made of polyester, therefore we thought it was 
interesting to start by making a study of alternative materials. A preliminary study 
indicated that acrylic was the best option and that is why we only chose do 
research about acrylic. Just like Humphries described the acrylic fiber have better 
protection against ultraviolet radiation, which leads us to conclude that the 
solution dyed acrylic would be a better alternative to the disperse dyed polyester 
used today. 
  
To get a good picture of what actually happened when the parcel shelf was 
exposed to ultraviolet radiation and heat, we exposed it to heat and ultraviolet 
light by using a Weather-Ometer. The test samples were easily compared with 
those who were not tested in the chamber. It was also easy too see what happened 
with the material after several hours in the chamber.  
 
We researched suitable ultraviolet absorbers that could be added in dyeing or the 
fiber spinning to get a product with better ultraviolet protection. Much previous 
research has been done on this and it seems to be a relatively easy way to solve 
the problem. However, to add absorbers costs money and increased cost are 
usually not desired. A relatively high amount of Tinuvin P resulted in increased 
protection against ultraviolet radiation, which would be possible to add 
(Kehayoglou, Tsatsaroni, Eleftheriadis, Loufakis, Kyriazis 1997, pp. 207-218). 
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Dyes suitable for polyester are disperse dyes, although the many types of this dye 
can have a big impact on how well the light and heat resistance are. If you want a 
good protection against ultraviolet radiation it requires a colour with relatively 
high molecular weight. A dye with high molecular weight is more difficult to 
adhere properly to the fabric. We believe this is time worth spent because it has so 
much better protection against radiation. However, we did not have access to 
information about which dispersion dye Volvo uses today and it is therefore 
difficult to say that it could be any better.  
 
When we decided to make a chemical analysis of the material we were looking 
for good methods, FTIR was a test method that was mentioned in many contexts. 
However, the results did not give so much and proved to be very difficult to 
analyse. After being in contact with a chemist at Volvo Cars, we learned that 
despite many years of experience, the results are very difficult to understand. The 
test showed that the polyester had not been degraded. The FTIR test with residue 
from Soxhlet Extraction indicates that the polyester had degraded. The extraction 
itself may have affected the residue and induced degradation of polyester.  
 
Further discussions with her  also led to test the material in a GCMS advise. We 
hoped that this could show us some difference between the aged and not aged 
samples regarding the composition too help us understand where the problem 
occurs. The aged samples showed a lack of phthalates, which is softener that 
could indicate that more stabilisers and absorbers should be added when dying the 
fiber. 
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6 Conclusion  
This chapter presents in what extend the problem has been sorted out, which 
conclusions can be drawn and the questions of issue has been answered. It also 
contains further research. 

 
• What happens to the material when it is exposed to ultraviolet light 

and heat? 
 
Visually the material bleaches and drifts in colour. The material gets a more 
purple tone and shifts from a 5 on grey-scale to a 3-4.  
 

• In which way can polyester nonwoven be protected from ultraviolet 
light and heat? 

 
The ultraviolet protection can be improved in several ways. Acrylic could be 
chosen instead of polyester, dispersion dyes with a high molecular weight can be 
used and several additives could be added to improve the heat- and ultraviolet 
resistance. 2-(2-hydroxy-5-carboxy-phenyl)-2H-benzotriazole, Tinuvin P, 327 [2-
(2-hydroxy-5-methyl-phenyl) 2H-benzotriazole, 2-(3,5-butyl-6-hydroxy)-2H-2-
chloro-benzotriazole respectively] and 2,4-dihydroxy-benzophenone are example 
of absorbers that can be added to make the ultraviolet resistance better. 
 

• Where does the problem occur in today’s process? 
 
Most likely the problem does not depend on how the parcel shelf is made. Instead 
we draw the conclusion that the problem occurs due to the lack of additives or the 
use of wrong dyes. Acrylic could also be chosen to improve the colourfastness. 
 

•  Can an improvement be done in the current process, if so where? 
 
Any improvement should be done in the fiber production. The fibres are spun and 
dyed at this supplier and any additive is also added here.   

6.1 Further Research 
It would be very interesting to mix different disperse dyes with different additives 
on polyester and test it in the Weather-Ometer and then analyse the result. Which 
additives and dyes would work together to achieve the best colourfastness? 
 
It would also be interesting to make an experimental study to compare acrylic and 
polyester to see if the same conclusion as this study can be drawn. This if the 
acrylic would be manufactured the same way as todays parcel shelf. Can 
nonwoven acrylic stand ultraviolet light and heat better than polyester? 
 



!
!

29!

Another thing that could have been rewarding to do is to dye polyester in different 
dye methods and dyes to examine which way would be the best. Also the acrylic 
could have been dyed in different ways and compared.    
 
From another point of view, could any kind of coating be placed on the cars 
windows to protect the interior from ultraviolet light? Will heat in the car 
contribute to the colour changes and bleaching? 
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8 Appendix 
8.1 FTIR 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Appendix 1: Parcel shelf aged sample A1 
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Appendix 2: Parcel shelf aged sample A2 
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Appendix 3: Parcel shelf aged sample A3 
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Appendix 4: Parcel shelf aged sample A1-A3 
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Appendix 5: Parcel shelf  not aged sample B1 
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Appendix 6: : Parcel shelf  not aged sample B2 
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Appendix 7: : Parcel shelf  not aged sample B3 
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Appendix 8: : Parcel shelf  not aged sample B1-B3 
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Appendix 9: Residue from sample A and B 
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Appendix 10: Residue from sample A and B 


