
 I 

 

Oxidative Degradation Of Polyether In Contact 
With Minerals 

 

 

                                                            Diploma work of 

Sandra Dabbagh 

Mars 2011 

 

 

Supervisors: 

Mats K.G. Johansson, Division of Coating Technology, KTH. 

Henrik Mikaelsson (Company) 

Marie Borong (Company) 

 

        



 II 

 

Abstract 
Oxidative degradation of adhesives based on silane terminated polypropylene oxide 

and polypropylene oxide (PPO) was studied. The combination of rapeseed oil and 

PPO as plasticizer in the parquet adhesive gave rise to oxidative degradation in 

contact with screeds of certain minerals. In order to investigate the degradation 

process in parquet adhesive two experimental approaches were employed in parallel. 

The first method was ageing of a solid adhesive-screed system at elevated 

temperature. It was done in order to evaluate the effect of contact between adhesives 

and screed in different adhesive-screed systems. Another purpose was also to identify 

the degradation procedure in a system resembling reality. The second method used 

was ageing of a soluble mixture of pure PPO with selected plant oils; in order to study 

the affect of oils unsaturations on the PPO by FTIR.  

FTIR was used to monitor the degradation of samples after different exposure periods. 

Unfortunately, interference from the adhesive additives made monitoring of the 

degradation process difficult in this approach. On the other hand, the optical 

inspection of the samples degradation process gave a clearer overview. A second 

method, looking only at two components mixed e.g. PPO and Oil, gave clear FTIR 

spectra showing that the oxidation process of rapeseed oil started in the period before 

fifteen days ageing at 75 
o
C.  

The combination of FTIR and optical inspection gave a clear image of the adhesive 

degradation process. Interaction between unsaturated carboxylic acid in the vegetable 

oils and PPO can increase the degradation rate of parquet adhesives by a radical 

mechanism. Another parameter affecting the degradation is the interfacial interaction 

between adhesive containing PPO-Rapeseed oil as plasticizer and screed with high 

alkalinity, porosity and humidity. The alkaline and humid conditions in the screed 

probably increase the hydrolysis of rapeseed oil. Further, the porosity of the screed 

provides a large surface area enabling the plasticizer to be exposed to plenty of 

oxygen from the air. Therefore, the plasticizer is not only exposed to hydrolysis but 

also oxidation. This would support the observation of migration of the rapeseed oil, 

since it is known that carboxylic acid has affinity to calcium sulfate anhydrite in the 

screed material. Migration and oxidation of rapeseed oils carboxylic acid generate 

radicals, which accelerate the degradation of PPO in the adhesive film. This process 

correlated with disappearance of PPO absorbance band from the spectrum.  
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Sammanfattning  
I det här examensarbetet studerades oxidativ nedbrytning av golvlim baserade på 

silanmodifierad polypropylenoxid och polypropylenoxid (PPO). Kombinationen av 

PPO och rapsolja i golvlim gav upphov till oxidativ nedbrytning i kontakt med 

flytspackel baserad på en viss sort mineral. För att studera nedbrytningen i 

golvlimmet användes två experimentella metoder parallellt. Den första metoden var 

åldring av ett lim-flytspackel system vid förhöjd temperatur (75 
o
C). Detta gjordes för 

att simulera verkligheten och kartlägga åldringsprocessen genom att utvärdera 

interaktionen mellan lim och flytspackelytan. I den andra experimentella metoden 

åldrades flytande blandningar av PPO i olika kombinationer med flera oljor. Oljornas 

effekt på nedbrytningen av PPO undersöktes med FTIR.   

FTIR användes för att övervaka nedbrytningen av både fasta och flytande prover efter 

olika exponeringsperioder. FTIR-analysen av limmerna gav dock inte en 

helhetsuppfattning av nedbrytningsprocessen på grund av att additiva ämnen störde 

spektrumet. Den optiska inspektionen av proverna efter olika exponeringstider gav 

däremot en tydligare bild om limmets nedbrytningsprocess. Analys av PPO-Olje 

blandningar visade att oxidationen av olja i kontakt med PPO sattes igång inom 

femton dagars exponering vid 75 
o
C.  

Kombinationen att dokumentera nedbrytnings förlopp med både FTIR och optisk 

inspektion gav en tydlig uppfattning om den oxidativa nedbrytnings process i 

golvlimmet. Nedbrytningshastigheten i golvlim ökade på grund av omättade 

karboxylsyror i den vegetabiliska oljan som tillsattes i egenskap av mjukgörare. 

Oxidationen av oljan följer en radikalmekanism där hydroperoxider bildas och på så 

sätt genereras radikaler som påverkar nedbrytning av PPO i golvlimmet. Andra 

parametrar som påverkar nedbrytningen av limmet är alkalinitet och fuktighet hos 

flytspackel. Det basiska och fuktiga flytspacklet möjliggör hydrolysen av oljans 

karboxylsyra. Porositeten i flytspackel ökar närvaron av luftsyre och därmed 

accelererar oxidationen av oljans karboxylsyror. Detta får stöd genom den optiska 

inspektionen av oljans migration till flytspackel, eftersom fria karboxylsyror har stor 

affinitet till calcium sulfat baserade flytspackel. Oxidation och migration av rapsolja 

genererar radikaler som påskyndar nedbrytningen av PPO och därmed bryts limmet 

ned. Detta överensstämmer med avsaknaden av PPO signaler i spektrumet.  
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1. Introduction 
Today, the environmental impact and economic aspects of adhesives production and 

use are two factors of high concern. In developing new adhesives, knowledge of the 

materials/substances being used and their interaction is required, as well as knowledge 

on the interfacial interaction between adhesives and surfaces being bonded. i.e. the 

compatibility of adhesives ingredients are very important. Since the parquet to 

subfloor adhesion system is to be used indoors, not only functionality should be 

considered but also good adhesive design so that no potentially harmful degradation 

products are formed during ageing (Skeist 1990, Björk and Eriksson 2002).  

Common applications of adhesives are within the area of construction materials, e.g. 

roofing, walls and adhesion of parquet to concrete. Production of adhesives demands 

consideration of many factors. Parameters that affect the design of adhesive materials 

are; porosity, roughness, temperature and humidity of the surfaces being bonded, as 

well as the rheology and durability of the adhesives (Scott and Dan 1995).  

The building adhesives Company manufactures parquet adhesives for construction 

applications. According to customer requirements different types of parquet adhesives 

with different properties are developed. The Company always strives to optimize the 

functionality, cost and tries to reduce the environmental impact of the product. 

Therefore different compositions and substances are tried out. In order to use a 

renewable and environmental friendly component the composition of PPO plasticizer 

was changed to a combination of PPO and rapeseed oil. This new formula has a 

technical, economical and environmental beneficial composition. Therefore it is 

important to study the contact of such adhesive to screed contains calcium sulphate 

anhydrite (CaSO4.2H2O) compound. 

The purpose of this project was to evaluate if the rapeseed oil used as plasticizer gave 

rise to oxidative degradation of PPO in the parquet adhesive in contact with screed 

material based on calcium sulfate anhydrite (CaSO4.2H2O). The oxidation processes of 

screed-adhesive systems were studied by optical inspection and FTIR analysis.  
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2. Background 

2.1 Parquet adhesive 

Parquet adhesives are polymer-based materials that bind parquets to subfloors of 

different kind of materials. Subfloors are often reffered to as screeds or SLC, and 

parquets are reffered to wood, carpet and rubber floors. In the field of construction 

applications parquet adhesive demand good elasticity and strength to adhere different 

components together. Figure 2.1 illustrate the combination of concrete, plastic film, 

screed, adhesive and parquet subfloor.  

 

 

 

 

 

Figure 2.1 Schematic illustration of a typical combination of concrete-plastic film, screed-adhesive 

system in contact with subfloor.  

Polyurethane (PU) and silane-terminated polyether (SMP) are two elastic polymers 

commonly used in the parquet adhesives. They contain rigid and soft segments in 

their molecular backbone, as well as the possibility to create a cross-linked structure, 

which give them these unique properties (figure 2.2 and 2.3).  

 

Figure 2.2 Molecular structure of polyurethane (PU) block butanediol, in which the –NH-(C=O)-O- 

represents the urethane linkage (Byoung et al. 2006).  
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Figure 2.3. Chemical structure of PPO-siloxane linkage.  
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The polymer in the PU adhesives typically contains hard urethane segments and soft 

polyether segments. Such polymer has isocyanate terminals, which can be cured 

either by moisture or by adding a polyol (Eling and Phanopolous). In the silane-

terminated polyether, the alkoxysilane unit is attached to the end of polyether 

compound. Figure 2.3 illustrates the alkoxysilane, which works as cross-linking agent 

in the polymer (Schindler 2005). The SMP cures in contact with moisture to form a 

soft and elastic rubber material. Polyurethane has good elasticity and durability, but 

comparing with SMP the polyurethane is less environmental friendly due to 

isocyanate linkage (Schindler 2005). The SMP have good UV stability, high 

durability and adhesion capacity (henkel.com). 

The adhesives studied in this project are based on the formula for parquet adhesive. 

This formula has an environmental, technical and an economical beneficial 

composition. Table 2.1 shows the chemical components and their commercial product 

names as well as the functions in the parquet adhesive.  

 

Table 2.1 Main components in the parquet adhesive formula.   

Substance Chemical name Function 

A Silane terminated polyether Binder 

B Polypropylene glycol Plasticizer 

C Hydrogenated castor oil Thickener 

D Calcium-magnesium 

carbonate 

Filler 

E Vinyltrimethoxysilane Water scavenger 

F γ-

aminopropyltrimethoxysilan 

Adhesion promoter 

G Di-n-Butyltin Ketonate Catalyst 

 

2.2 Plasticizer 

Plasticizers are organic substances that are often mixed with polymer materials in 

order to improve their physical properties, i.e. flexibility, fluidity and workability. The 

compatibility of plasticizers with other components in the adhesives is very important. 

There are three common types of plasticizers: the polyols, the organic esters and the 

vegetable oils (Lin et al., 2000). The plasticizer used in the parquet adhesive is based 

on the combination of polyol and rapeseed oil.  

 

 



 3 

2.3 Screed and Self-levelling Compound  

Screeds and Self-levelling compounds (SLC) are the main materials that parquet 

adhesives are in contact with, besides the parquet it self. Screeds are mineral based 

materials used in building applications for sound-proofing. The screed is applied on to 

a plastic film, separated from the subfloor. Sometimes, when the screed material was 

applied forming a very flat and smooth surface, the parquet adhesive is applied 

directly onto the screed. In other cases, a SLC is first put on top of the screed before 

application of the parquet adhesive.  

SLC:s are a class of materials with low viscosity, used to level the underlying 

concrete subfloor or screed. Humidity, alkalinity, and high temperature conditions are 

well known parameters that accelerate the degradation of adhesives. Therefore 

concrete subfloors are covered with screed or SLC, in order to protect the adhesive 

from aggressive environments or for soundproofing (Anderberg and Wadsö, 2007, 

Djouani et al. 2010, Björk et al. 2002).  

Table 2.2. Shows the subfloors made from screeds of the commercial products Screed 

X and Screed Y. The gypsum based self-levelling compound SLC from the parquet 

adhesive Company is used as reference. In this table the water to cement ratios and 

pH values of homogenized pastes of screed and SLC at rum temperature are 

illustrated. The screed X used in this project is based on calcium sulfate anhydrite 

(CaSO4.2H2O).  

 

Table 2.2 The commercial product names, the water to cement ratios and pH values of two screeds and 

one SLC.  

Product name Type of material Water(ml): Cement(g) PH 

X Screed 200:2000 12.75 

Y Screed 325:2000 10.4 

SLC Self leveling compound 120:500 9.60 
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3. Degradation of polymer 
Polymer degradation is deterioration in chemical and physical properties of materials 

under specific environmental conditions (Scott and Gilead. 1995). Identifying the 

degradation mechanism of a polymer, which is made of thousands or even more 

atoms are complicated. Because the change in the functional group, chemical linkage 

and the transition state of the reactions are very complex (Czech and Pelech 2009).  

 

3.1 Oxidation of polypropylene oxide 

Polypropylene oxide is susceptible for oxidative degradation due to the tertiary 

hydrogen atom in the molecular structure (Glastrup 2003 and Costa et al., 1996). The 

oxidation of PPO begins with absorption of oxygen to give hydroperoxide groups, 

which lead to decomposition of the polymer (Griffiths et al. 1992, Yang et al. 1995). 

The degradation product of PPO at 70 
o
C has characteristics signal at 1725 cm

-1
, 

which indicates the existence of hydroperoxide compounds in the material (Griffiths 

et al., 1992). In the following figures the thermal oxidation of PPO is illustrated.  

 

  I.          II. 

Figure 3.1 Thermal degradation of PPO I. Formation of secondary and tertiary hydroperoxid.     

II.Decomposition of tertiary hydroperoxide (Costa et al., 1996). 

 

3.2 Oxidation of vegetable oils 

Vegetable oils consist of triglyceride esters with three fatty acids attached to a single 

glycerol (Stenberg 2004, Wicks et al.1998, Extension.iastate.edu) figure 3.2 shows the 

structure of typical fatty acids in plant oils.  
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There are many different combinations of fatty acids in plant oils. The number of 

double bonds and the chain length in the fatty acid are varying in different oils 

(Stenberg 2004). The amount of unsaturation in the fatty acids influences the oils 

viscosity and oxidative stability significantly. The composition of unsaturated fatty 

acid is shown in table 3.1   

 

I

CH3

OH

O

II III 

 

Figure 3.2 Fatty acid in vegetable oil. I. Oleic acid, II. Linolenic acid, and III. Linoleic acid.  

 

It is well known that the hydrogen between two double bonds (di-allylic hydrogen) in 

the fatty acid is susceptible to radical attack (see figure 3.3). The quantity of di-allylic 

hydrogen in the fatty acid determines the drying capacity of oils. If the average of di-

allylic compound per molecule equal to 2.2, the oil is a semi-drying, lower than 2.2 is 

non-drying and higher than 2.2 the oil is drying (Wicks et al.1998, Samuelsson J. 

2004).                                                  

 

                                               Figure 3.3 Structure of di-allylic hydrogen. 

                                                  HH  

 

Aldehydes, ketones, and free hydroxylic compounds are typical degradation product 

from vegetable oils. FTIR spectroscopy is a proper method to identify the degradation 

products of vegetable oils and fats. The strong absorption band at 1743 cm
-1

 indicates 

three triglyceride esters (Moreno et al. 1998). Another absorbance peak around 1740 

cm
-1

 indicate the formation of carbonyl groups (C=O) in carboxylic acids, aldehydes 

and ketones (Niczke et al. 2007). Obviously the polarity of ester groups give rise to 

adhering capacity and solubility of vegetable oils (Erhan et al. 2006). 

Geographical origin and unsaturation in plant oil influence the oxidative stability of 

oil (Koski et al., 2002). Oxidation in plant oil begins with decomposition of 

hydroperoxide compounds that exist naturally in the oils. In hydroperoxide formation 

a radical mechanism is involved. The radicals induced by hydroperoxide 

decomposition react with another di-allylic hydrogen in the oils carboxylic backbone.  
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As mentioned before the di-allylic hydrogen is susceptible to radical attack, and after 

abstraction of free radicals generates new peroxy free radicals, which increase the 

chain scission and cause the autoxidation in plant oils (Wicks et al., 1998). The 

oxidation mechanism of fatty acid is shown in figure 3.4. 

 

 

Figure 3.4 Oxidation mechanism of fatty acid (Samuelsson 2004).  

 

Table 3.1 Composition of fatty acid in plant oils. 

Oil Saturated     

(C16:0) 

Olieic      

(C18:1) 

Linoleic 

(C18:2) 

Linolenic 

(C18:3) 

Coconut 91 7 2 - 

Refined rapeseed 2.5 71.8 15.4 0.1 

Rapeseed 5.1 59.6 19.9 8.5 

Soybean 15 26 51 9 

Olive 0 76 8 0 

Peanut 0 47 29 0 
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4. Experimental 
In order to investigate the main reason for oxidative degradation of parquet adhesive, 

two experimental approaches were employed in parallel. The first one used a 

combination of solid adhesive-screed systems, and the second one used a soluble 

mixture of PPO-vegetable oil. These two systems were exposed at an elevated 

temperature of 75 °C in the ageing chamber.  

Eight different experimental adhesives were examined. The compositions of the 

adhesives differed mainly by the plasticizers used, but also the mixing ratio of other 

components varied according to table 1-8 in the appendix. The screed materials used 

in this project were screed X and screed Y. The SLC was used as reference. The 

experimental adhesives-screed and PPO-Oil systems were produced in the Company’s 

laboratory.  

Eight different adhesives were applied on two different screeds moulds of X and Y. 

Adhesive based on rapeseed oil was applied on SLC as reference. The plasticizers 

were based on different vegetable oils as rapeseed oil, raps methyl ester (RME), olive 

oil, coconut oil, epoxidized soya oil and peanut oil. Calcium octoate and 2-

ethylhexanoic acid were used in order to simulate the existence of calcium ions and 

free carboxylic acid in the parquet adhesives. Three series of adhesive-screed systems 

were made, two of them were placed in the oven in order to ageing them and one 

replicate was put in the room temperature as reference. Table 4.1 shows the 

combination of adhesive-screed systems.  

 

4.1 Materials 

The raw materials were commercial available products purchased by the building 

adhesives Company. A, B, C, D, E, F and G. The six different softeners used in the 

eight different adhesives formulation were rapeseed oil, RME, coconut oil, olive oil, 

Epoxidized soybean oil and peanut oil. Two different substances, calcium octoate and 

2-ethyhexanoic acid were used in the other two adhesive formulations. The screed 

materials based on screed X, screed Y and the SLC were used.  

 

4.2 Experimental approach 

4.2.1 Adhesive mixing procedure 

Binder A, plasticizers B and rapeseed oil, were weighed up with a two decimal digit 

balance and blended in a reaction vessel by a mixer for 5 minutes at 100 rpm. Then 

the thickener C and filler D were weighed up and added in the reaction vessel and 

mixed up in a vacuum for 15 minutes at 500 rpm. The water scavenger E was added 

to the blend and mixed for 5 minutes at 100 rpm. Afterwards adhesion promoter F 

was added and mixed for 3 minutes, and at last catalyst G was added to the reaction 

vessel, and mixed for 5 minutes at 100 rpm. Then the adhesive mixture was placed in 

a sealant cartridge and protected from the surrounding air (moisture).  
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4.2.2 Screed mixing procedure 

Two different screed plates of commercial cements X, Y and SLC were 

manufactured. The powder of each cement mixture was blended with water in a mixer 

until a homogenous paste was produced. Then the cement paste of each product was 

cast into 24 circular moulds of 0.8cm×11cm size. A pH meter was used to measure 

the alkalinity of cement paste at room’s temperature. The pH values of each product 

were measured 15 minutes after mixing procedure. The product name, the water to 

cement ratio and the pH values of each material used in this study are shown in the 

table 2.1.  

 

4.2.3 Ageing of adhesive-screed system 

To examine whether the unasaturated fatty acid in rapeseed oil gave rise to oxidative 

degradation of polypropylene oxide in parquet adhesive, the screed-adhesive systems 

were exposed in the ageing chamber at 75
o
C for 46 days. According to table 1-8 in the 

appendix eight different kinds of adhesives were investigated. These adhesives were 

based on sex different plasticizers of vegetable oils. Selection of vegetable oils was 

based on the fatty acids unsaturations.  

Each kind of adhesive applied on three circular shaped screeds of X and three circular 

shaped screeds of Y. Two series of each combination of adhesive-screed systems 

were exposed for elevated temperature in the ageing chamber at 75
o
C. One series was 

put at room temperature as reference. Combination of rapeseed oil based adhesive 

with SLC was used as a reference. Table 4.1. Shows the combination of adhesive-

screed systems.  

Ageing experiments of the screed-adhesive samples were performed at 75
o
C for four 

exposure times, T1 = 15 days and T2 = 30 days, T3=36 days and T4=46 days. The aged 

samples were compared with background samples denoted T0 = 0 days, before ageing 

exposure. After 0, 15, 30, 36 and 46 days aging in the oven, a small piece of the 

adhesive samples were taken to IR analysis. The samples were analyzed with IR-

spectroscopy to identify development and differences in functional groups in the 

adhesive.  

 

 4.2.4 Ageing of soluble PPO-oil mixture 

In order to investigate the effect of vegetable oils unsaturations on PPO, a pure PPO 

was mixed with rapeseed oil, coconut oil, RME, calcium octoate and 2-ethylhexanoic 

acid at different mixing ratios according to table 9-11 in the appendix. Selection of 

vegetable oils as plasticizers in parquet adhesive were based on the oils unsaturations. 

The samples were exposed to elevated temperature at 75
o
C in the ageing chamber. In 

two different periods T0 (before ageing) and T1 (15 days ageing) the change of oils 

unsaturations were measured.   
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Table 4.1 Over view on the different combinations of adhesives-screed systems. The adhesive column 

show the different oils tested as plasticizers. Red dots indicate samples aged in the ageing chamber and 

green dots are for samples aged in room temperature.  

                    Screed 

Adhesive 

X Y SLC 

Rapeseed oil    

Raps methyl ester   - 

Coconut oil   - 

Olive oil   - 

Epoxidized soybean 
oil 

  - 

Peanut oil   - 

Calcium oktoate   - 

2-ethylhexanoic acid   - 

 

4.3 Equipment  

4.3.1 Balance 

The weights of the samples were measured by a METTLER PM4800 DeltaRange 

balance with 0.01g precision.  

 

4.3.2 pH measurements 

The pH values of cement paste were measured by a Metrohm 961 pH Meter.The 

alkalinity and acidity of aqueous solution can be determined by measuring the 

hydronium ions (H3O+). On the pH scale the values lower than 7 indicate the acidity 

and the values higher than 7 considered alkaline (elmhurst.edu). 

 

4.3.3 Mixer 

Two kinds of mixers were used, one for mixing the adhesives and the other for mixing 

cement paste. The mixer with the stirring, vacuum and temperature control 

possibilities was used for adhesive mixing. The cement paste was prepared using 

another mixer with stirring control.    
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4.4 Analysis methods  

The different analysis methods and techniques employed in this project were ageing, 

FTIR, balance, pH measurements. The purpose of using these methods and techniques 

are described below and some of their theoretical background is explained.  

 

4.4.1 Ageing 

Thermal ageing of samples were carried out at 75 
o
C in the ageing chamber for up to 

36 days. Thermal ageing enabled monitoring of the degradation procedure on the 

material being tested in a shorter time with corresponding at normal temperatures. 

 

4.4.2 FTIR 

FTIR stand for fourier transform infrared spectroscopy. It is an analytical 
instrument to identify the chemical bonds and molecular structures in either 
organic or inorganic materials (see figure 4.1). FTIR spectroscopy gives a 
quantitative and qualitative analysis of the materials, and it is unique for each 
sample. There are different kind of vibrations in the molecules such as waggling, 
stretching and bending. The molecular structures absorb the energy from 
infrared signal and vibrate at different frequencies due to the change in their 
electric dipole moment. In this technique the absorption and transmission 
abilities of molecular structure utilized to identify the chemical structure in 
different materials. The sample, which can be gas, solid or liquid placed on the IR 
crystal. The IR beam passes through the sample and is reflected to the detector. 
The reflected beam is converted to an IR spectrum by a computer connected to 
the detector (caltech.edu and wcaslab.com).  

 

Figure 4.1 FTIR instrument.  



 11 

 

5. Results and discussion 
The combination of rapeseed oil and PPO as plasticizer in the parquet adhesive gave 

rise to oxidative degradation in contact with screeds based on calcium sulfate 

anhydrite. In order to investigate the degradation of the parquet adhesive two parallel 

experiments were performed. In one test the solid adhesive-screed system was 

exposed to elevated temperature at 75°C in the ageing chamber. It was done in order 

to evaluate the effect of contact between adhesives and screed in different adhesive-

screed systems. Another purpose was also to identify the degradation procedure in a 

system resembling reality. The second test a soluble mixture of pure PPO with 

selected vegetable oils exposed to elevated temperature in the ageing chamber at 75°C 

in order to study the effect of oils unsaturations on PPO.  

Eight different adhesives of based on different plasticizers were extracted. Selection 

of vegetable oil as plasticizer in parquet adhesive was based on the oils unsaturations. 

For example coconut oil contains more saturated fatty acid than rapeseed oil, and 

olive oil contains more monounsaturated fatty acid than rapeseed oil and so on. Table 

3.1 shows the compositions of fatty acid in different oils. To investigate the effect of 

free calcium ions in the adhesive, calcium octoate was used in the adhesive formula. 

The 2-Ethylhexanoic acid was used in order to simulate the existence of free 

carboxylic acid in the adhesive.  

 The screed-adhesive systems were analyzed both with FTIR spectroscopy and visual 

inspection at T0 (before ageing), T1 (15 days ageing), T2 (30 days ageing), T3 (36 days 

ageing) and T4 (46 days). Results from both techniques were compared with each 

other.  

 

5.1 Optical inspection 

5.1.1 screed Y-Adhesive system 

The ageing process of the screed Y-adhesive systems (see table 5.1) was observed 

with optical inspection. All samples of screed-adhesive systems based on Y and SLC 

showed similar ageing mechanism. Before ageing at T0 the adhesive systems were 

white, after 15 days (T1) the systems became yellowish, after 30 days (T2) the systems 

turned light yellowish (see table 5). Until forty six days ageing (T4) no sign of 

degradation was observed. All samples of screed-adhesive systems kept good 

adhesion capacity during ageing exposure. Migration of plasticizer from adhesive to 

screed was not observed, and this may attributed to the cross-linking of adhesive film 

on the surface of Y and the SLC. Screed Y and SLC had a smooth, dense and compact 

surface comparing with screed X.  

 

5.1.2 Screed X-Adhesive system 

The samples from screed X-adhesive systems showed a quite different ageing process 

(see table 5.2). At the beginning (T0) the adhesive films for all samples had white 

color. After 15 days (T1) exposure the systems turned to be yellowish.  
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The systems based on rapeseed oil and 2-ethylhexanoic acid showed a clear signs of 

plasticizer migration to screed X. Figure 5.1 shows the migration of plasticizer to X 

screed. After 30 days exposing these two systems were developing white spots on 

their surfaces. These spots had kept little elasticity and adhesion, and after 36 days 

(T3) the systems turned to white colored powder that had completely lost their 

adhesion capacities.  

Peanut oil based adhesive in contact with screed X showed the same procedure as 

rapeseed oil and 2-ethylhexanoic acid. The migration of plasticizer after 15 days (T1) 

ageing in screed X-Peanut oil adhesive didn’t occur in the same extent as screed X-

Rapeseed oil and screed X-2-ethylhexanoic acid systems.  

Screed X-Coconut oil and screed X-Epoxy soya oil had a similar degradation 

procedure. Before ageing (T0) these two systems were white, after 15 days ageing (T1) 

the systems became yellowish. Then after 30 days ageing (T2) the system turned to be 

light yellowish. A small white spot (< 1 cm) were detected on the surface of the 

adhesive after 46 days ageing (T4).  

Screed X-RME based adhesive degraded almost in parallel with screed X-Epoxy 

soybean oil and screed X-Coconut oil, but the difference was in the period between 36 

(T3) and 46 days (T4) ageing. During 10 days ageing a large white spot with quite 

clear migration of plasticizer from adhesive to screed substrate was observed. Table 

5.1 and 5.2 show the degradation procedure of screed Y and screed X-Adhesive 

systems. 

For all samples based on screed X-Adhesive system the decomposition procedure 

began with the migration of plasticizer. In most samples the migration was very clear, 

but in peanut oil the migration was not observed to the same extant. The degradation 

process of screed X-adhesive system is shown in the following figure 5.1. The ageing 

processes of different screed-adhesive systems are plotted in the diagram (see figure 

5.2).  

Figure 5.1 The ageing process of screed-adhesive system in different period.  

 

 

 

 
T0 (before ageing) 

 
T1 (15 days ageing) 

 
T2 (30 days ageing) 

 
T3(36 days ageing) 
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Figure 5.2. The ageing profile of screed-adhesive systems. The y-axis shows a schematic description of 

the visual changes during degradation. 

 

Epoxy soybean oil, coconut oil and RME in the adhesives had relatively high 

durability comparing with rapeseed oil adhesive. Epoxy soybean and coconut oil 

contains saturated fatty acid and RME had high solubility with PPO and SMP.  

The decomposition of adhesives in contact with screed X began with migration of 

plasticizers from adhesive films to screed material. The rapeseed oil (Lobra) and 2-

ethylhexanoic acid adhesives showed similar degradation sequences. The substance 2-

ethylhexanoic acid was used because it simulated the existence of free carboxylic acid 

in the adhesive. The similarity of degradation process between these two screed-

adhesive systems indicated the existence of free carboxylic acid in the rapeseed oil 

adhesive in contact with screed X. The alkalinity of the screed X probably increases 

the hydrolysis of rapeseed oil. In accordance with Singh and Middendorf 2007 the 

free carboxylic acid has affinity to calcium sulfite anhydrate in the screed material. 

Probably the affinity of free carboxylic acid caused the migration of the carboxylic 

acid to the screed X, which contains calcium sulfate anhydrite.  

The main parameters; unsaturation of rapeseed oil, and the compatibility between 

rapeseed oil and PPO, as well as the alkalinity and the porosity of the screed X were 

all major reasons that contributed to oxidative degradation of adhesive in contact with 

calcium sulfate anhydrite based screed.  
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Table 5.1 Screed Y-Adhesive system’s ageing development in different period. 

        Time 

 

Adhesive 

Appearance 

T0 

(beginning) 

Appearance 

T1             

(15 days) 

Appearance 

T2              

(30 days) 

Appearance 

T3                

(36 days)  

Appearance 

T4                

(46 days) 

Rapeseed oil White Yellowish 

Migration 

Yellowish 

Large white 
spot 

Completely 
white 

Completely 
white 

RME White Yellowish Yellowish Light 
yellowish 

Large white 
spot, migration 

Coconut oil White Yellowish Yellowish Yellowish Light yellowish 

Small white 
spot 

Olive oil White Yellowish Yellowish Large white 
spot, 

migration 

Completely 
white 

Epoxy 
soybean oil  

White Yellowish Light 
yellowish 

Light 
yellowish 

Light yellowish 
small white 

spot 

Peanut oil White Yellowish Yellowish 
large white 

spot 

Completely 
white 

Completely 
white 

Calcium 
octoate 

White Yellowish Yellowish Large white 
spot, 

migration 

Completely 
white 

2-
ethylhexanoic 
acid 

White Yellowish 

Migration 

Yellowish 

Large white 
spot 

Completely 
white 

Completely 
white 
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Table 5.2 Screed X-Adhesive system’s ageing development in different period.  

        Time 

 

Adhesive 

Appearance 

T0 

(beginning) 

Appearance 

T1             

(15 days) 

Appearance 

T2              

(30 days) 

Appearance 

T3                

(36 days) 

Appearance 

T4                

(46 days) 

Rapeseed oil White Yellowish 

Migration 

Yellowish 

Large white 
spot 

Completely 
white 

Completely 
white 

RME White Yellowish Yellowish Light 
yellowish 

Large white 
spot, migration 

Coconut oil White Yellowish Yellowish Yellowish Light yellowish 

Small white 
spot 

Olive oil White Yellowish Yellowish Large white 
spot, 

migration 

Completely 
white 

Epoxy 
soybean oil  

White Yellowish Light 
yellowish 

Light 
yellowish 

Light yellowish 
small white 

spot 

Peanut oil White Yellowish Yellowish 
large white 

spot 

Completely 
white 

Completely 
white 

Calcium 
octoate 

White Yellowish Yellowish Large white 
spot, 

migration 

Completely 
white 

2-
ethylhexanoic 
acid 

White Yellowish 

Migration 

Yellowish 

Large white 
spot 

Completely 
white 

Completely 
white 
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5.2 FTIR analysis 

Visual inspection and FTIR spectrum of the adhesive- screed systems were compared 

with each other. All samples (the eight different adhesives combined with the three 

different screeds X, Y and SLC (table 1-8 in the appendix) from T0, to T2 showed no 

detectable change in the FTIR spectra. The spectrum of different period almost 

overlapped each other. But from T2 to T3, a change in the absorption band at 1098 cm
-

1
 was related to visual changes in that white elastic species (T2) turned to powder 

species at T3 see figure 5.3. The disappearance of the peak at 1098 cm
-1

 was 

indicative to the consumption of PPO in the adhesive containing rapeseed oil in the 

period between T2 and T3. Table 5.3 illustrates the FTIR absorbance band in the 

spectra, the functional group, the material being analyzed, and the indication of 

different signals. 

It is important to note that the FTIR analyses must be performed in the interface 

between the screed and adhesive materials, because it is in this region the most 

detectable reactions take place.   

 

Table 5.3 FTIR signal, functional group, analyzed materials and the indication of absorbance.  

Absorbance (cm-1) Functional groups Analysed materials Indication in 
spectra 

1098 
  

Polyether 

Screed-adhesive  
 

The oxidation of 
polyether in 
adhesive 

3007 
 
 

970 

  
Cis-double bound  

 

 
Trans-doubl bound 

Jar test Oxidation 
process of 
vegetable oil 

1743 
 

 
 
 

1700 

 
Carbonyl group 

 
Carboxylic group 

Jar test 
and 

Screed-adhesive 
 

Existence of 
fatty acid. 
 
 
 
 
Hydrolysis of 
fatty acid 

3400 
 

 

-NH2 
Amine group 

R-OH----O=< 
Hydroxyl complex 

Screed-adhesive Cross-linking of 
adhesive to 
screed  
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Figure 5.3 Spectra of screed X-Rapeseed oil based adhesive in different period. T0=before ageing, T1= 

15 days, T2=30 days and T3= 35 days ageing. 

 

The FTIR spectra obtained from the interface between screed Y-Adhesive systems 

and SLC-Adhesive showed an absorbance peak at 3400 cm
-1

. The spectra obtained 

from interface between screed X-adhesive didn’t exhibit a signal in the range of 3400 

cm
-1

 except for calcium octoate based adhesives. In accordance with Niczke et al. 

2007, Costa et al. and Jiang et al. 2003 (see figure 5.4), this band is characteristic for 

hydroxyl O-H and amine –NH2 stretching vibration. The absorbance 3400 cm
-1

 in the 

interface of screed Y-adhesive and SLC-adhesive systems probably attributed to 

hydrogen bonding between screed and adhesive interface. Therefore the adhesive in 

contact with screed Y and SLC had good adhesion capacity. The disappearance of 

signal 3400 cm
-1

 in the screed X interface (see figure 5.5) reinforced the assumption 

that there was a kind of network formation in the screed Y-adhesive system, which 

did not exist or was very weak in the screed X interface.  
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Figure 5.4 FTIR spectra of screed Y- Rapeseed oil based adhesive after 15 days ageing T1. 

 

 

Figure 5.5 FTIR spectra of screed X- Rapeseed oil based adhesive after 15 days ageing T1. 
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Migration of plasticizers and degradation process of adhesive films occurred in 

parallel in the rapeseed oil and 2-ethylhexanoic acid adhesives, which was observed 

by optical inspection. This degradation sequence was also seen in the development in 

the FTIR spectrum. These sequences are described below.  

 The absorbance band 1700 cm
-1

 (see table 5.3) is characteristic for hydroxyl group in 

the free carboxylic acid. The rapeseed oil containing adhesive in contact with screed 

X exhibited a small shoulder at T0 in the range of 1700 cm
.1
, and this signal 

disappeared at T4 (see figure 5.7). The existence of signal 1700 cm
-1

 at the beginning, 

and the disappearance of it in the white powder like portion of adhesive at T4 

probably indicate the hydrolysis and migration of rapeseed oil adhesive in contact 

with screed X. For adhesive in contact with screed Y this signal didn’t changed in the 

T0 and T4 (See figure 5.8). Further studies are needed to understand the alkaline 

hydrolysis mechanism of screed X.  

 

 

 

Figure 5.6 Migration of rapeseed oil from adhesive to the screed X. 

 



 20 

 

 

Figure 5.7 Rapeseed oil based adhesive in contact with screed X.  

 

 

Figure 5.8 Rapeseed oil based adhesive in contact with screed Y. 
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Because ageing of the Screed-adhesive systems as investigated with FTIR 

spectroscopy and visual inspection didn’t give sufficient information to evaluate the 

effects of oils unsaturation, another test approach was employed namely; jar tests. 

These were done in order to remove the influence of additives on IR spectra and to 

more efficiently investigate the compatibility of PPO to the selected oils (rapeseed oil, 

coconut oil and RME) and the substances 2-ethylhexanoic acid and calcium octoate. 

In the jar tests, PPO-oil was thus individually mixed with the five different 

components to more closely observe the degradation procedure. Compatibility as 

measured in the jar tests were judged by the components willingness to mix. Rapeseed 

oil and PPO did not mix (they formed two different layers) was thus not compatible. 

RME had relatively more compatibility with PPO. The melt coconut oil was 

transparent as PPO; therefore assessment of compatibility was not detectable.   

Oxidation of vegetable oil is detectable by FTIR spectroscopy. Rearrangements of cis-

unconjugated with signal 3007 cm
-1

 to trans-unconjucated double bond at 970 cm-1 is 

indicative to the oxidation process in the plant oil (Stenberg 2004 and Niczke 2007). 

In accordance with Stenberg the pure rapeseed oil spectrum showed a strong peak in 

the range of 3007 cm
1
, which attributed to cis-unconjugated double bound in the 

rapeseed oil (see figure 5.9). The mixture of PPO-Rapeseed oil before ageing 

exhibited a weak band at 3007 cm
-1

, which confirm the existence of cis-unconjucated 

double bound. After 15 days exposure at 75 
o
C, the absorbance 3007 cm

-1
 was 

disappeared in total, and a shoulder at 970 cm
-1

 was appeared. This confirms the 

transformation of cis- to trans-unconjucated double bound in accordance with 

Stenberg 2004 (see figure 5.10).  

The adhesive based on RME had better durability in contact with screed X compared 

with rapeseed oil based adhesive. This was probably attributed to the compatibility of 

RME with PPO.  

 

Figure 5.9. Spectra of pure rapeseed oil before ageing. A mixture of PPO-Rapeseed oil in T0=before 

ageing, and T1= 15 days exposure at 75oC. 
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Figure 5.10 Spectra of PPO-Rapeseed oil before and 15 days after ageing in the ageing chamber. 

 

Optical inspection showed that adhesive containing rapeseed oil in contact with 

screed X had a similar degradation procedure as 2-ethylhexanoic acid based adhesive. 

As mentioned before the 2-ethylhexanoic acid simulated the existence of free 

carboxylic acid in the adhesive. Obviously the combination of PPO-Rapeseed oil in 

contact with screed X gave rise to hydrolysis of rapeseed oils carboxylic acid. The 

screed of screed X with high alkalinity and porosity absorb readily the free carboxylic 

acid from the adhesive. This can be seen discoloration of screed X screed in contact 

with adhesive based on rapeseed oil (see figure 5.6). The corresponding IR spectrum 

of screed X interface showed a weak absorbance band of 1743 cm
-1

, which indicated 

the existence of rapeseed oil in the screed material. The presence of oxygen and 

calcium ions in the screed probably accelerated the decomposition of oils carboxylic 

acid. The radicals generated from hydroperoxide decomposition in rapeseed oil, 

significantly increased the degradation rate of PPO. By visual inspection the 

decomposition of PPO occur when the elastic white adhesive in T2 converted to 

powder-like substance in T3. This transformation from an elastic adhesive to a powder 

substance was attributed to the consumption of PPO. The disappearance of 

absorbance 1098 cm
-1

 in T3 from the corresponding spectrum was exhibited the 

degradation of PPO in total.  
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6. Conclusion  
The aim of this project was to investigate the oxidative degradation of polyether in 

contact with minerals. The parquet adhesive in contact with screed material based on 

calcium sulfate anhydrite (CaSO4.2H2O) was studied.  

By optical inspection the migration of plasticizer was observed in the screed X-

rapeseed oil adhesive system after fifteen days ageing at 75 
o
C in the ageing chamber. 

Gradually the degradation process developed between fifteen and thirty days 

exposure. Between thirty and thirty six day ageing the elastic adhesive turned to white 

powder like substance. The adhesive containing 2-ethylhexanoic acid degraded in 

parallel with rapeseed oil adhesive in contact with screed X.  

As mentioned earlier, there are different parameters affecting the degradation of 

parquet adhesives. Humidity, alkalinity and porosity of screed material probably 

accelerate the degradation rate of parquet adhesive. Another important parameters are 

the rapeseed oils unsaturations and compatibility to the PPO. The rapeseed oils 

unsaturations in the carboxylic backbone may generate free radicals by decomposition 

of hydroperoxide in which a radical mechanism is involved. Rapeseed oil had lower 

compatibility to PPO in the adhesive, which accelerate the migration process from 

adhesive to the screed material. The effect of plant oils unsaturations on oxidative 

degradation of PPO was in focus in this project.  

A combination of FTIR and optical inspection gave a clear image of parquet adhesive 

degradation: 

- Rapeseed oil contains a relatively high amount of polyunsaturated fatty acid, and in 

contact with PPO these unsaturations were oxidized during the first fifteen days 

ageing at elevated temperature (75 
o
C).  

- The basic and alkaline conditions in the screed X increased the probability for 

hydrolyses of the rapeseed oil. It is possible that, the hydrolysis of rapeseed oil 

occurred in parallel with the oxidation process during the first fifteen days ageing.  

- Migration of free carboxylic acid from adhesive film to screed subfloor occurred 

after fifteen days of ageing. Important to note, is that the fraction of adhesive film 

without plasticizer gradually turned to a white and a brittle film with lower elasticity.  

- Oxidation of rapeseed oil generated radicals that increased the degradation of PPO 

and SMP. The period between thirty and thirty six days ageing the polyether 

consumed rapidly. The adhesive film turned to white, powder like substance without 

adhesion capacity.  

The porosity and humidity of screed X has however not yet been experimentally 

confirmed in this project. Further study about the hydrolysis of rapeseed oil in contact 

with screed X is needs.  
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7. Future work  
- A more careful investigation of humidity and porosity in the screed materials, since 

they affect the adhesive degradation process. 

- A study of those substances that diffuse from screed to adhesive film.  

- Is it possible to modify the SMP that byproduct formed during curing does not form 

methanol, but ethanol?  

- What is the effect of plasticizers pH on the adhesive composition? Is the plasticizers 

affinity to the screed affected by pH changes in the adhesive? 
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