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Abstract 
Betulin is a naturally abundant compound in the outer bark of birch and can be easily 
obtained by solvent extraction. Herein, solutions of betulin were used to treat cellulosic 
textile fibers and improve their water repellency. Cotton fabrics impregnated in a 7.5 g 
L-1 solution of betulin in ethanol showed the highest water contact angle of about 153° 
while the impregnation in a 3.75 g L-1 solution resulted in a close effect. A terephthaloyl 
chloride-betulin copolymer was synthesized and dissolved in tetrahydrofuran to afford a 
solution with a concentration of 3.75 g L-1. The cotton fabric impregnated in this 
solution showed a water contact angle of 150°. Changes in morphology of the cellulose 
fibers before and after the treatment were observed by scanning electron microscopy, 
and the water repellency was measured by a standard spray test. The marketing strategy 
of the potential product, which will be developed based on this technique, was discussed.  
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1 Introduction 
1.1 Literature review 
Nowadays most of the textile materials are made of synthetic fibers, which are not 
renewable and normally not biodegradable, thus they may give negative impacts to the 
environment. In the meanwhile, some textile materials are made of natural fibers, such 
as cellulose fibers, which are renewable, biodegradable, and could return back to nature 
at the end of their life time.  
 
Cotton, a kind of cellulose fiber material, is widely used in clothes’ manufacture. Cotton 
has attractive characteristics like cheapness, softness and sustainability. However, 
cotton fabric could absorb mass of water since there are lots of hydroxyl groups within 
the cellulose molecules. This property, in some cases, is not desired (Bae et al, 2009). 
Therefore, the hydrophobization of cellulose fibers has gained remarkable attention 
recently (Bae et al, 2009; Wi et al, 2009; Ivanova, 2010; Shi et al, 2013), because of the 
increased interests in various waterproof fabrics (Wi et al, 2009). 
 
The cases mentioned above are mainly applications that water repellency is chosen as a 
purpose. For example, water repellent fabrics are needed in applications like rainwear, 
self-cleaning coatings, anti-fouling or anti-corrosion coatings, and bandages (Singh, 
1987; Sahin, 1996; Abidi et al, 2004; Shi et al, 2013). 
 
Efforts have been made to investigate the mechanisms of hydrophobic surfaces that 
could be found naturally, such as the lotus leaves, wings of cicadas, and water strider 
legs. Researchers have found that the energy of such surface is quite low and 
hierarchical structures are present on those surfaces. It has been suggested that in order 
to make a surface hydrophobic, lowering the surface energy or creating hierarchical 
structure to increase the surface roughness must be implemented (Shi et al, 2013).  
 
Normally, people adopt two ways to acquire water repellency for fabrics. The first way 
is to directly introduce hydrophobic substances such as paraffin waxes or paraffin 
emulsion onto the surface of fabric. This method is easy but results in some issues such 
as  lack of air and vapor permeability, as well as low comfort (Hagenmaier & Shaw, 
1991), and thus this method is not widely used nowadays. Another way is relatively 
complex but does not affect the comfortableness of the fabrics. In order to build up 
hierarchical structures and increase surface roughness, nano/micro-scaled texture is 
firstly created on the surface of textile fiber by introducing some nano-scaled particles 
like SiO₂, TiO₂ and ZnO (Bae et al, 2009). Afterwards, some waxy materials like 
fluorinated silanes will be added to provide the fabric with waterproof property (Shi et 
al, 2013). Unfortunately, some disadvantages of using fluorinated silanes could be 
found. For instance, the fluorinated silanes is very expensive and may be harmful for 
people’s health, especially skin health. Furthermore, the wastewater generated during 
the treatment process is harmful for creatures living in water (Mazurek, 2001; Yahaya et 
al, 2001; Lee et al, 2005). In some cases, the fluorinated silanes could be replaced by 
fluorocarbon compounds, which could also lower the surface energy so that the water 
repellency could be acquired (Ming et al, 2001; Lee, 2004; Malshe & Sangaj, 2005; 
Raslan & Bendak, 2005; Xie et al, 2007; Xie et al, 2008). However, this kind of reagent 
could also be harmful to human body by preventing degradation of bio-trash, which will 
then accumulate in our tissues (Aringer & Smolen, 2003; Berger et al, 2005; Andersen 
et al, 2008). 
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In a word, the current common solutions are neither economic friendly nor 
environmentally friendly, which motivates us to find out a new and environmentally 
friendly way to make the cellulosic textile fibers waterproof. In this study, betulin, a 
naturally abundant and hydrophobic compound obtained from the outer bark of birch 
(Fridén et al, 2016), and a polymer developed from betulin, were introduced onto the 
surface of cotton fabric to acquire water repellency. 
 
1.2 Goal and Objectives 
Overall, this project focuses on improving the water repellency of cellulosic fabric in a 
sustainable and economic friendly way. Some details of criteria have been described 
below: 

• Water repellency: 
The water contact angle of the treated cotton fabric should be at least higher than 90°, 
and the rating of the treated fabric according to the standard spray test should be higher 
than 50. 

• Durability: 
After laundering, the water contact angle should still be higher than 90°, and the rating 
according to the standard spray test should higher than 50. 

• Environmentally friendly process: 
Avoid using toxic and harmful chemicals throughout the whole process. If such 
chemicals are necessary, try to minimize the use.   

• Economic friendly process: 
Avoid using expensive chemicals as much as possible. 
 
2 Theory 
According to the theory of thermodynamics, a substance prefers low-energy status. 
Normally, the formation of hydrogen bonds is a solution to decrease the surface energy. 
However, in some cases, hydrophobic molecules on a surface do not allow the 
formation of  hydrogen bonds with water molecules, so that the latter have to form 
hydrogen bonds themselves to reduce the energy. This leads to the fact that the a water 
droplet is formed on a surface and shows a rejective property to that surface (Chandler, 
2005). 

Betulin molecules are the so-called hydrophobic molecules mentioned above that are 
used in our study. By coating these molecules onto the surface of cotton fabric, the 
water repellency property could be obtained according to the above theory. 

In Fig 1, the theoretical process of this project is presented. Some keywords are 
explained below. 
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Fig 1:Workflow of this study.  
 
Betulin:  
Betulin (Fig 2) is a naturally abundant triterpenoid that exists in the outer bark of birch. 
It comprises 78% of the dry weight of the outer bark’s extractives, which composes 40% 
of the outer bark (Green et al, 2007). The role betulin plays in birch bark might be 
blocking pathogens from invading to the plant (Zinov´eva et al, 2001). Recent studies 
have revealed that betulin has a positive effect in tumor self-destruction process, which 
is meaningful in medical field (Tang et al, 2011). According to literature, betulin could 
be isolated from birch outer bark by Soxhlet extraction using n-heptane as solvent. After 
5-days repeated extraction, a white powder with a light-yellow glimmer could be 
obtained, which primarily consists of betulin (Fatih Demirbas, 2009). The yield is about 
80%. 
 
According to patent WO 2015025083 A1 (Holmbom et al, 2015), betulin has the 
function of improving the water repellency of cellulose fibers, which inspired us to this 
study. 
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Fig 2: Structure of betulin. 
 
Contact angle (CA): 
When a droplet is placed on a surface, the contact angle is an angle that is 
conventionally measured through the liquid, where a liquid-gas interface meets a solid 
surface. When contact angle (θ) exceeds 90°, a surface is recognized as hydrophobic, 
and >150o superhydrophobic, otherwise it is recognized as hydrophilic (Fig 3).  
 
 
 

 
Fig 3: Description of contact angle (θ). 
 
3 Materials, methods and characterization 
3.1 Materials  
The outer bark of birch (Betula verrucosa) was collected in the forest next to campus 
KTH Royal Institute of Technology in Stockholm, Sweden, and then dried in air at 
ambient temperature. The dried bark was ground to 40 mesh particles, and Soxhlet 
extracted for 48 h with n-heptane as solvent. Betulin was obtained as a white powder 
after solvent evaporation and drying. The purity of betulin was 80%, as determined by 
1H NMR (Appendix-10.1).  
1H NMR (CDCl3) δ (ppm): 4.68 (s, 1H, 29a-H), 4.57 (s, 1H, 29b-H), 3.78 (d, 1H, 28a-
H), 3.32 (d, 1H, 28b-H), 3.17 (dd, 1H, 3-H), 2.37 (m, 1H, 19-H), 1.9 (m, 3H, 30-H), 
1.67-0.66 (m, 40H). 
 
Cotton fabric samples were cut from a 100% cotton table runner (Hemtex, Stockholm, 
Sweden). Green dye was purchased from T-Snabben, Stockholm, Sweden. The 
following chemicals were used as received without further purification: terephthaloyl 
chloride (TPC, Fig 4), tetrahydrofuran (THF, 99.99 %), sodium hydroxide (NaOH), and 
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1 M hydrochloric acid (HCl) (Sigma-Aldrich). Ethyl acetate (99.98%) and pyridine 
(>99%) (Fisher Scientific). Ethanol (96%) (VWR International). 

 
Fig 4: Structure of terephthaloyl chloride (TPC). 
 
3.2 Methods 
3.2.1 Pretreatment of cotton fabric samples 
The purpose of pretreatment is to obtain samples without greasy-dirt. The table runner 
was cut into 18×18 cm2 samples, which were then washed in a laundering machine by 
using a 40°C-2 h program with non-bleaching washing powder. Afterwards, the fabric 
samples were further washed with a 2 g L-1 NaOH solution for 90 min at 98°C. Finally, 
the samples were washed by distilled water and dried at 105°C overnight (Wang, 2006). 
 
3.2.2 Treatment of cotton fabric samples with betulin solutions 
Betulin was dissolved in either ethanol or ethyl acetate, to prepare different betulin 
solutions (Table 1). Each fabric sample was immersed in each solution respectively for 
5 min, followed by drying at 105°C for 2 h. Changes in morphology of the cellulose 
fibers before and after the treatment were observed by scanning electron microscopy. 
The water repellency was determined by the water contact angle measurement and the 
standard spray test. Except sample 2, all of the characterizations were performed once 
again after washing the treated fabric samples in a laundering machine by using a 40°C-
2 h program with non-bleaching washing powder. 
 

Table 1: Samples treated by the betulin solutions in different solvents with different 
concentrations. 

Sample number Solvent Concentration 

1 Ethanol 7.5 g L-1 

2 Ethyl acetate 7.5 g L-1 

3 Ethanol 3.75 g L-1 
 

3.2.3 Preparation of a terephthaloyl chloride-betulin copolymer 
A terephthaloyl chloride (TPC)-betulin copolymer was prepared as described elsewhere 
(Jeromenok, 2012). Briefly, 1000 mg of betulin (purity 80%, 1.8 mmol) was mixed with 
366 mg of TPC (1.8 mmol) and the mixture was dissolved in 10 ml of dry THF. 
Molecular sieves and 1.44 ml of dry pyridine (18.0 mmol) was added to the solution. 
The reaction was carried out in a refluxing device with oil bath at 65°C for 16 h, and 
then stopped by cooling down to ambient temperature. After solvent evaporation, the 
crude product was washed by 1 M HCl solution and ethanol. The TPC-betulin 
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copolymer was obtained as a white powder after drying at 60°C overnight. The 
chemical reaction is shown in Fig 5. 
1H NMR (CDCl3) δ (ppm): 8.10 (s, 4H, Car-H), 4.73 (s, 1H, 29a-H), 4.62 (s, 1H, 29b-H), 
4.57 (d, 1H, 28a-H), 4.12 (d, 1H, 28b-H), 2.52 (s, 1H, 19-H), 1.90-0.91 (m, 42H, Csp3-
H). (Appendix-10.2)  
Mw=6300, Mn=3400, Mw/Mn (polydispersity index)=1.8 (Appendix-10.3) 

 
Fig 5: Chemical reaction of synthesis of TPC-betulin copolymer. PyH: pyridine. 
 
3.2.4 Treatment of cotton fabric samples with a solution of the terephthaloyl chloride-
betulin copolymer 
750 mg of TPC-betulin copolymer was dissolved in 200 ml of THF to afford a solution 
with a concentration of 3.75 g L-1. The treatment of fabric samples and the following 
characterizations were the same as aforementioned. 
 
3.3 Characterization 
3.3.1 Scanning electron microscopy (SEM) 
A Hitachi S-4800 Field-emission scanning electron microscopy was used for observing 
the samples at micro-level. After adhering onto a round metal stud, the samples were 
coated with a 4 nm gold layer by a Cressington 208HR high-resolution sputter coater, 
which was connected with a Cressington thickness monitor controller (Li et al, 2015). 
 
3.3.2 Water contact angle 
Water contact angle was measured on a KSV Instruments CAM 200-meter connected 
with a Basler A602f camera. The measurement was performed on 5 specimens from 
each sample. A 10 µl water droplet was placed on the surface of each specimen and the 
pictures were taken every 10 s for a total period of 170-180 s. The contact angle of each 
sample was averaged over all 5 specimens (Li et al, 2015). 
 
3.3.3 Spray test 
According to AATCC test method 22-2005, 250 ml of water was sprayed onto a taut 
surface of each fabric sample (Appendix-10.4). After spraying, the wet pattern of each 
fabric sample was compared with the pattern in the standard (Appendix-10.5) to rate the 
sample’s water repellency ('Water Repellency: Spray Test', 2013). 
 
3.3.4 1H Nuclear magnetic resonance (NMR) 
A Bruker UltraShield 400 MHz spectrometer (Germany) was used to record the 1H 
NMR spectra. Deuterated chloroform (CDCl3) was used as the solvent.  
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3.3.5 Size exclusion chromatography (SEC) 
SEC system consisted of a Viscotek TDA model 301 system equipped with two 
LT4000L columns (7.8×300 mm), a VE 2500 GPC autosampler, a VE 1121 GPC pump, 
a VE 3580 RI detector, and a VE 5710 GPC degasser (UK). THF was the eluent. The 
TPC-betulin copolymer was dissolved in THF to afford a solution with a concentration 
of 2 g L-1. Prior to injection, the solution was filtrated through a PTFE syringe filter. 
Calibration was achieved using narrow linear polystyrene standards with molecular 
weights ranging from 1200 to 400000 Da. 
 
4 Results and discussion 
4.1 Treatment of cotton fabric samples with the betulin solutions - 
solvent’s type as variate 
The cotton fabric samples were treated with the betulin solutions to introduce betulin 
onto the surfaces of cellulose fibers to function as hydrophobic coatings. The dry weight 
of each sample increased approximately 20 mg (0.5%) after the treatment.  
 
4.1.1 Morphology 
As shown in Fig 6, compared with untreated sample that exhibits smooth cellulose 
fibers, betulin particles could be clearly observed on the fibers of both treated samples. 
However, the particles were not uniformly distributed. Lots of particles gathered 
together in some areas while some areas were covered with only a few particles. 

 
Fig 6:SEM images of samples treated with 7.5 g L-1 betulin solutions in ethanol (a) and 
ethyl acetate (b), and an untreated sample (c). 
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4.1.2 Water contact angle 
The water contact angle was measured according to the images (Fig 7) captured by the 
camera. Fig 8 shows the relation between average contact angle and time for different 
samples. The water contact angle of the sample treated with the betulin solution in 
ethanol is higher than that of the one treated with the betulin solution in ethyl acetate. 
Both lines are flat which means the contact angle was stable within 3 min. A surface is 
considered superhydrophobic when its water contact angle is higher than 150°. Fig 9 
shows that the difference  in contact angle is approximately 5° between the two samples, 
and the sample treated with the betulin solution in ethanol even reached 
superhydrophobic level while the other one did not reach for most of the time.  

 
Fig 7:A 10 µl water droplet on the surface of a treated sample. 
 

 
Fig 8: Water contact angles of samples treated with 7.5 g L-1 betulin solutions in ethanol 
and ethyl acetate, and an untreated sample. 
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Fig 9: Water contact angles of two samples compared with a line showing the criterion 
of being superhydrophobic. 
 
Obviously, in this case, the betulin coating plays a role of  interrupting the formation 
of  hydrogen bonds between water molecules and cellulose, which was stated in theory 
section. Besides, given the same concentration, the sample treated with the betulin 
solution in ethanol exhibits a slightly better hydrophobicity than the one treated with the 
solution in ethyl acetate. Moreover, the distribution of betulin particles on the surfaces 
of fibers were less homogeneous for the one treated with betulin solution in ethyl 
acetate, which leads to the fact that ethyl acetate was abandoned to use in the following 
steps. 
 
4.2 Treatment of cotton fabric samples with the betulin solutions - 
concentration as variate 
In this part, the cotton fabric samples were not only treated by the betulin solutions in 
ethanol with different concentrations to see if the same level of water repellency could 
be acquired, but also were laundered afterwards to test the durability of the coating. 
 
4.2.1 Morphology 
As shown in Fig 10, regarding the particle distribution before the laundering, little 
difference could be found by comparing (a) and (c), even the concentration of the latter 
one is half of the former one. In the case of using the 7.5 g L-1 solution, only a few of 
the betulin  particles could be observed on the surfaces of cellulose fibers after 
laundering. However, in the case of using the 3.75 g L-1 solution, it is unexpected that 
the betulin particles existed even after the laundering. The reason is yet unknown and 
whether this would lead to a more durable hydrophobic coating was tested later.  
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Fig 10: SEM images (1000× magnification) of samples treated with 7.5 g L-1 betulin 
solution in ethanol before (a) and after (b) the laundering, and those treated with 3.75 g 
L-1 betulin solution in ethanol before (c) and after (d) the laundering. 
 
By adjusting the magnification up to 3000×, more details of the betulin particles was 
presented (Fig 11). As shown in Fig 8c, some betulin particles formed like thin 
cylinders while some particles’ morphology is still as usual, not homogeneously 
distributed particles. 
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Fig 11: SEM images(3000× magnification) of  samples treated by 7.5 g L-1 betulin 
solution in ethanol before (a) and after (b) the laundering, and those treated by 3.75 g L-

1 betulin solution in ethanol before (c) and after (d) the laundering. 
 
4.2.2 Water contact angle 
As shown in Fig 12, before the laundering, the sample treated the 7.5 g L-1 solution 
possessed a slightly higher hydrophobicity than the one treated with the 3.75 g L-1 

solution. However, the difference between the two samples is only 6°-7°, which is so 
small that could be ignored for purpose of daily-use waterproof material. In other words, 
the hydrophobicity of two samples treated by the solutions with different concentrations 
is more or less the same.  
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Fig 12: Water contact angles of  samples treated with 7.5 g L-1 betulin solution in 
ethanol and 3.75 g L-1 betulin solution in ethanol. 
 
While measuring the contact angle of the washed sample, the water droplet was entirely 
absorbed into the samples after 20 s (Fig 13). It is reasonable to believe that the betulin 
particles were mostly removed after the laundering.  

 
Fig 13: A10 µl water droplet on the surface of a washed sample in the beginning (a), 
after 10 s (b), and after 20 s (c). 
 
4.2.3 Spray test 
Standard spray test was employed on a homemade tester (Fig 14) to determine the water 
repellency of the treated samples before and after the laundering.  
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Fig 14: Homemade spray tester. 
 
As shown in Fig 15, the wetting patterns of samples after the laundering is just like that 
of an untreated sample (the color of untreated sample is lighter since the dye used is less 
than others, regardless of the treatment), which could also indicate that the betulin 
particles was removed from the surfaces of cellulose fibers after the laundering . In 
contrast, for samples before the laundering, regardless of the concentrations of the 
betulin solutions, thickly dotted water droplets were presented around the central part, 
where the pattern is just like those of untreated after the laundering. A hypothesis for 
this phenomenon is that the betulin particles in the central part was rushed away by the 
sprayed water while those located around were not influenced.  
 
According to the rating chart (Appendix-10.2), the rating for all samples before the 
laundering is approximately 70 except the central parts and 0 after the laundering. The 
removal of betulin might be attributed to the basic condition during the laundering, as 
betulin is soluble in water in such case (Fan et al, 2013). 
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Fig 15: Result of spray test for samples treated with betulin solutions before and after 
the laundering.  
 
4.3 Preparation of a terephthaloyl chloride-betulin copolymer and 
treatment of cotton fabric samples with a solution of the copolymer 
According to the result obtained in the previous steps, the durability of the betulin 
coating on the fabric samples was low, which might be attributed to the weak 
interaction between betulin and cellulose. Therefore, attempts were made to provide a 
more durable hydrophobic coating. It has been shown that a hydrophobic and flexible 
film could be made from a polymer prepared from betulin (Jeromenok, 2012). We hope 
to apply this polymer as a coating on the fabric samples, which does not affect their 
softness and can improve their hydrophobicity. More importantly, we hope to see that 
the film could be formed on the surface of each fiber and wrap the fiber to have better 
adhesion, and thereby improve the durability of the coating. Here, we prepared a 
terephthaloyl chloride-betulin copolymer. Due to its poor solubility in ethanol, the 
copolymer was dissolved in THF instead, to prepare the solution for the treatment of 
fabric samples. 
 
The dry weight of each sample increased approximately 30 mg (0.8%) after the 
treatment. 
 
4.3.1 Morphology 
As is shown in Fig 16, pieces of thin films with irregular shapes, which might be 
formed by the TPC-betulin copolymer, covered on the surfaces of the fibers. After the 
laundering, most of these pieces were removed and the original textures of the fibers 
were visible, but some small pieces could still be observed.  
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Fig 16: SEM images (3000× and 1000× magnification) of samples treated by a solution 
of the TPC-betulin copolymer before (a,c) and after (b,d) the laundering. 
 
4.3.2 Water contact angle 
The result of contact angle measurements for the sample treated by the solution of the 
TPC-betulin copolymer before and after the laundering is presented in Fig 17. The 
water contact angle of the treated sample before laundering is almost stable, and the 
value is approximately 150°, which is at the boundary level of being classified as 
superhydrophobic. After the laundering, the contact angle of the sample decreased from 
126° to 70° with a steady trend within 170 s and particularly, the value was lower than 
90° after 100 s, which means the material was hydrophilic since that time. Although the 
contact angle of the washed sample decreased, the durability and hydrophobicity of 
washed sample were already improved a lot compared with the ones treated with the 
betulin solutions in the last steps. 
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Fig 17: Water contact angles of the samples treated with the 3.75 g L-1 solution of the 
TPC-betulin polymer in ethanol before and after the laundering. 
 
4.3.3 Spray test 
As shown in Fig 18, the rating of water repellency for the treated sample is about 70 and 
it becomes 0 after the laundering. Unfortunately the hydrophobic coating was not 
resistant to the laundering. Since the washing condition was alkaline, the copolymer 
might degrade into water-soluble salts as a result of alkaline hydrolysis (Fig 19), which 
were taken away from the surfaces of fabric samples by centrifugation. 

Fig 18: Result of spray test for the sample treated by the solution of TPC-betulin 
polymer before (a) and after (b) the laundering.  
 

 
Fig 19: Mechanism of alkaline hydrolysis. 
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5 Conclusion 
Simple treatments of cotton fabric samples with either solutions of betulin or a solution 
of a terephthaloyl chloride-betulin copolymer could make them superhydrophobic. 
Based on this hydrophobization method and the durability of treated fabric, disposable 
waterproof product, like apron, has been targeted as potential product with a related 
marketing strategy.  
 
Through this study, we proved the concept that a naturally abundant compound isolated 
from a side stream product in forest industry could be used for a value-added 
application.  
 
6 Macroscopic discussion  
In this study, betulin based hydrophobic coatings have been introduced onto the surface 
of cotton fabric so that the waterproof property has been acquired due to the hydrogen 
bonds between water molecules and hydroxyls in cellulose could not be formed, as was 
described in theory. Compared with the method of creating a hierarchical structure, this 
method is simpler, but still limited to some objective parameters, e.g. time and human 
resource. 
 
6.1 Limitation 
Time became a main limitation for obtaining a more convincible result. In contact angle 
measurement, we have divided a sample into several subsamples and chose 5 of them to 
calculate the average contact angle. However, the result would become more 
representative if more subsamples were selected for calculating but it takes a long time. 
 
Besides the contact angle measurements, the issue of time limitation exposed much 
more obviously in statistical perspective. Theoretically, the more samples involved in 
the test, the better, because it could prove that the result is not due to coincidence but is 
reliable. However, the time we have just allowed us to treat a few samples. If time 
permits in the future, more samples will be treated and a statistical diagram will be 
made to acquire a more convincible conclusion. 
 
Additionally, the issue that hydrophobicity will disappear after washing was not solved 
completely, what we found is a solution to improve the durability of hydrophobic 
coating on the fabric against laundering to a certain extent. If time permits in the future, 
perhaps more researchers and more resource could be involved into the continuation of 
this project. 
  
6.2 Potential products 
In this study, we presented a sustainable way to improve water repellency property to 
cellulosic textile material, e.g. cotton fabric. According to the experimental result, the 
treated sample fabric exhibited a superhydrophobic property before laundering while the 
hydrophobicity reduced to a certain extent but still existed after laundering. Based on 
the effort we made so far, the so-called disposable waterproof textile could be 
considered as our potential product since washing is needless.  
 
As described in literature review section, waterproof material is indispensable in our 
daily life. In contract, disposable waterproof textile did not attract too much attentions. 
However, disposable waterproof textile could be found and plays an important role in 
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lots of cases, e.g. disposable slippers prepared for long-distance flights and disposable 
aprons used in hostels. 
 
Since the technical solution we created is sustainable and economic friendly, it is 
possible to use our technique to substitute the current treatment methods which might 
lead to toxic emissions.  
 
By taking disposable apron as an example of potential product, the customers’ needs 
from it and its possibility of obtaining a market position have been discussed below: 
 

• In relation to the customers’ need:  
The target group of the disposable aprons are people who do not plan to use it 
frequently, some example cases like a barbeque party, kitchen work in hostels or daily 
rental house. Besides water repellency, those aprons have to be flexible, soft, light and 
cheap.  
 

• In relation to the current product offer:  
Normal aprons are available in most homeware stores, like HEMTEX (Robban), Åhléns 
(Canvas Grön) and of course, IKEA, which is chosen an an example since we do have 
experience in collaborating with IKEA company before and thereby to some extent, we 
are familiar with its operation process and marketing situation.  
 
IKEA has 7 kinds of aprons now, e.g. IKEA 365+, INBJUDANDE and so on. Those 
products are manufactured with 100% cotton which means our technique is applicable 
on them. All the aprons sold in IKEA are not disposable and could be machine washed, 
despite a specific care instruction should be followed. According to that care instruction, 
bleach and dry clean will lead to the damage of apron, and even though the instruction 
is strictly fulfilled, a 4%-shrinkage still will occur. Based on those facts we believe that 
it is reasonable to develop disposable aprons which do not need to be washed. 
Compared with the normal aprons which have a strict wash condition and shrinkage is 
unavoidable even that condition is reached, the disposable aprons become cheaper and 
simpler for users. Moreover, by applying our technique, the goal of sustainability could 
still be reached.  
 
IKEA provides a good variety of products that respond to different budgets, places, 
styles and needs. Despite their success and leading position in the market, they are 
always challenged to identify new trends and come first with the development process. 
In this context, new disposable cotton textile products with cheapness, sustainability and 
water repellency as features fit IKEA’s idea very well and will be developed hopefully. 
 
6.3 Marketing strategy 
Here IKEA is chosen as an example homeware store: 

• Introduce to market: 
Strategical introduction as a new product, expected to be launched before beginning of 
May, when barbeque becomes popular afterwards. Below are some different advertising 
channels:  
- IKEA catalogue (present at cover page). 
- IKEA website (home page promoting the product for several weeks). 
- IKEA showrooms and IKEA entrance: Activation of the product as an innovation and 
present in different places in the store: entrance, different scenarios in the showrooms 
and food hall, etc. 
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• Sales persuasion: Cheapness, sustainability, flexibility, simplicity. Persuading by 
the idea of green manufacture process for an affordable price. 

 
7 Future work 
The project is finished but some improvements are needed, as stated below: 
7.1 “Green” durability: 
Durability of the hydrophobic coating is one of the main focuses of this project. We 
have tried to improve the durability by using a betulin based polymer as the coating. 
However, the preparation of this polymer used chemicals like terephthaloyl chloride, 
THF and pyridine that are not environmentally friendly. Hopefully, less toxic chemicals 
could be found to replace them.  
 
7.2 Other characterization method: 
Besides contact angle measurements and standard spray test, water retention test could 
also be involved. Besides SEM, atomic force microscopy (AFM) could also be used in 
revealing the morphology of coating.  
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10 Appendices 
10.1 1H NMR spectrum of betulin 

 
 
10.2 1H NMR spectrum of the TPC-betulin copolymer 
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10.3 Chromatogram of the TPC-betulin copolymer 
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10.4 Details of AATCC spray tester  
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10.5 Standard spray test rating chart 
 

 
 
 
 


