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ABSTRACT: Thermoplastic polyurethane (TPU) is a material whose mechanical properties change according to the
phase separation of its unique internal microstructure and is therefore used in various industries. Use of TPU as
composites helps in improving the desirable characteristics and properties in accordance with usage. Eco-friendly
fillers one of the fillers are on the rise and those are mostly used for reinforcing role. Suberin, which can be extracted
from cork, is the main component of cork. It is known to serve high damping property of elastomer composite. The
original chemical structure of Suberin is an aliphatic polyester aggregate. In this research, Suberin is obtained after
depolymerization into an oligomer having 2 or 3 ester bonds through alkaline hydrolysis. The extracted suberin was
added to the matrix which is thermoplastic polyurethane as an eco-friendly filler for improving vibration damping
property. As a result, when 10 wt% of suberin was added into thermoplastic polyurethane the existing trade-off
relationship was overcome. And it is attained the elastic modulus and damping factor at room temperature improving
92 and 59%, respectively, compared to the original matrix. Those results are from the interaction between the
microstructure of TPU and suberin.
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1. INTRODUCTION

Thermoplastic polyurethane (TPU) is one of the polyure-
thane materials which can have thermoplasticity due to its
internal microstructure. The microstructure consists of soft
segments with relatively low transition temperature as a con-
tinuous phase and hard segments with high transition tem-
perature. The rheological and mechanical properties of TPU
depend on the shape of the microstructures [1]. The reason for
those microstructures is due to the differences in polarity
between the soft and hard segments. Also, it has self-assembly
characteristics through physical cross-link which comes from
the hydrogen bond between the carbonyl group and the ure-
thane group in the hard segments. That forms thereby crystal
domains that serve as a reinforcing filler [2]. Use of TPU as
composites helps in improving the desirable characteristics
and properties in accordance with usage. For the sake of that,
various fillers have been studied such as carbon nanotube, car-

bon fiber and graphene [3,4]. 
Recently, research using renewable and eco-friendly fillers

for polymer composites has emerged because of global eco-
friendly movements and recycling issues [5-7]. A wide variety
of renewable fillers available in different shape and size which
can be utilized to tune the properties of TPU [8]. For example,
cellulose, clay and natural fiber is used as reinforcing filler in
TPU [9,10]. However, fillers are used for TPU reinforcement
under the current keynote. Therefore, research on new eco-
friendly fillers is needed to improve other properties fitted for
purpose as well as strengthening applications.

Cork refers to the bark of the cork tree and as one of the
renewable resources. It can have properties such as full-recov-
ery, heat insulation, and sound insulation due to the substance
called Suberin, which is the most abundant in cork. It is a mac-
romolecule with lipophilic polyester structure and can be
extracted from cork [11,12]. 

There are studies that increase the chemical crosslink den-
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sity by adding Suberin to epoxy [13], and research that
increase energy absorption properties by adding Suberin to
SBR/BR blends for tire tread [14]. However, in both cases,
Suberin is chemically bonded with matrix. So, its character-
istics as a filler cannot be known. A study that has a plasticizer
effect by adding Suberin to PLA doesn’t have chemical inter-
action, but unfortunately the mechanical strength is reduced
compared to the pristine PLA [15].

In this study, depolymerized Suberin composed of 2 or 3
ester bonds is extracted from cork through alkaline hydrolysis.
By adding it into TPU as an eco-friendly filler to make the
composites obtaining improved vibration damping effect.
After that, the mechanical properties of the material are ana-
lyzed and the cause thereof is identified. For convenience,
depolymerized Suberin will be referred to as Suberin in this
paper.

2. EXPERIMENTAL

2.1 Materials
Thermoplastic polyurethane (Elastollan® 785A 10 HPM,

BASF) was used as polymer matrix. Expanded cork was pur-
chased from domestic brand (Hankyeol Cork). Sodium
hydroxide, ethanol and sulfuric acid were purchased from
Daejung.

2.2 Extraction of Suberin
Suberin derivative is extracted via alkaline hydrolysis of cork

[15]. 40 g of cork was charged into blender that have metallic
blade inside with 1000 mL of 80% (v/v) ethanol aqueous solu-
tion. 8 g of sodium hydroxide which is 20% (w/w) of cork was
added in the solution and mechanical stirring for 30 min.
After that, the hydrolyzed solution was filtered with filter
papers (pore size 10 μm and 5 μm) 3 times. Filtered solution
was conducted evaporation of ethanol with rotary evaporator.
Thus, Suberin derivative was dissolved only water in the form
of salt. Then the solution is acidified by dilute sulfuric acid
until around pH 3 and stirred at 70oC for 1 h. When cooling
down the solution, Suberin derivative is coagulated and
acquired. Finally, that is conducted freeze-dry to remove water
that may remain inside. 

2.3 Fabrication of Composites
Haake rheomix internal mixer is used to premix Suberin

derivative and thermoplastic polyurethane. The process was
maintained at 180oC for 5 min. Premixed compounding is
molded by injection molding at 220oC for 5 min. Specimens
are fabricated according to the shape as required by each mea-
surements.

2.4 Characterization
Chemical structure of Suberin was investigated by Fourier

transform infrared spectroscopy (FT-IR) (ALPHA II, Brucker),
proton nuclear magnetic resonance (1H NMR) (Oxford
300 NMR, Varian) and gel permission chromatography (GPC)
(1100S, Agilent Technology). FT-IR spectra was observed ATR
mode. For 1H NMR, Suberin is dissolved in CDCl3 with
tetramethylsilane (TMS) as standard. GPC was conducted for
identification of molecular weight of Suberin and sample was
dissolved in tetrahydrofuran (THF). Mechanical properties
were analyzed by universal testing machine (UTM) (E3000,
Instron) and dynamic mechanical analyzer (DMA) (Q850,
TA). Tensile test was conducted following ASTM D638. DMA
was conducted to tensile mode with temperature ramp
method. Differential scanning calorimeter (DSC) (DSC25,
TA) was run in nitrogen atmosphere and carried out heating/
cooling rate of 10oC/min. Scanning electron microscope
(SEM) (IM-60, ISP) was conducted into composites coated
with gold.

　3. RESULTS AND DISCUSSION

3.1 Chemical Characterizations
Suberin extracted from cork extract was chemically ana-

lyzed by comparing to previous research [15]. It is known as
ester-linked polymer of saturated and unsaturated fatty acids
having long alkyl chain body without the presence of aromatic
units [16]. In FT-IR result (Fig. 1), O-H stretching peak of car-
boxylic acid and alcohol were shown absorption peaks at
3550-2500 cm-1. It is difficult to separate each. Therefore, the

Table 1. Compositions of the composites

Sample
Mass fraction of composite (wt%)

TPU Suberin
TPUS0 100 0
TPUS5 95 5

TPUS10 90 10 Fig. 1. FT-IR result of Suberin 
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presence of carboxylic acid end group was confirmed by the
carbonyl group peak at 1720-1706 cm-1. The strong peak at
3000-2840 cm-1 is represented alkane C-H stretching that is
evidence of existence of alkyl chain. In the same way, alkane
peak at 1.25-1.31 ppm and alpha carbon proton of hydroxyl
group peak at 3.64-3.67 ppm were supported the presence of
alkyl chain body and hydroxyl end group in 1H NMR results
(Fig. 2). Also, alpha carbon proton of carbonyl group and ester
bond peak at 2.30-2.34 ppm was meant the presence of car-
boxylic acid end group and ester bond in the sample. Fol-
lowing the GPC result (Table 2), extracted material is
oligomeric substances consisting of 2~3 ester linkages of long
alkyl chain fatty acids. So, the subsequent analyses were based
on this expected chemical structure of Suberin in Fig. 3.

3.2 Mechanical Characterizations
Tensile test results of TPU/Suberin composites (Fig. 4) show

a tendency that as Suberin content increases, so does the elas-
tic modulus of composites. Generally, elastic modulus has a
trade-off relationship with the vibration damping effect [14].
Therefore, this result is clearly different from the purpose of
the experiment. Since there is unfortunately a limit to strain of
instrument, it is impossible to measure until fracture. So only
up to 190% of the results are inserted.

According to the DMA results of TPU/Suberin composites

(Fig. 5), the tan δ value at room temperature increases as the
Suberin content increases. The tan δ value is the ratio of the
storage modulus and the loss modulus. It is often used as a
damping factor [14]. So, an increase in the tan δ value at cer-
tain temperature implies that the composites have higher
vibration damping at that temperature. It can be seen sur-
prisingly that the addition of Suberin to TPU simultaneously
increases the elastic modulus and the vibration damping effect
at room temperature. The glass transition temperature is the
temperature at the peak of tan δ curve. There was no sig-

Fig. 2. 1H NMR result of Suberin  

Table 2. GPC result of Suberin

Mn (g/mol) Mw (g/mol) PDI
Suberin 955 2319 2.42

Fig. 3. Expected chemical structure of Suberin 

Fig. 4. Stress-strain curve of TPU/Suberin composites

Table 3. Elastic modulus of TPU/Suberin composites

Material Elastic modulus (MPa)
TPUS0 25.42 (±0.82)
TPUS5 27.95 (±1.54)

TPUS10 48.91 (±2.43)

Fig. 5. Tan δ value of TPU/Suberin composites

Table 4. Tan δ value and glass transition temperature of TPU/
Suberin composites

Material Tan δ (25oC, 1 Hz) Tg (oC)
TPUS0 0.117 -19.27
TPUS5 0.148 -19.98

TPUS10 0.186 -20.21
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nificant difference depending on the Suberin contents.
Comparing the storage modulus of composites those have

cross point at specific temperature (26.73oC) (Fig. 6). Below
this point, the storage modulus of TPUS10 is higher than the
storage modulus of TPUS0. However, the storage modulus of
TPUS10 is lower than the storage modulus of TPUS0 over the
cross point. Comparing the loss modulus of composites
TPUS10 has higher loss modulus below 41.23oC (Fig. 7).
Reversely TPUS5 has higher loss modulus over that tempera-
ture. The cause of the high storage modulus value before the
intersection point and the reason why the intersection point
appears at a specific temperature in the storage and loss mod-
ulus graph will be explained with the DSC analysis later. 

3.3 Thermal Characterizations
In the case of TPU/Suberin composites crystallization and

melting peak is distinctly existed below 50oC unlike TPU with-
out Suberin (Fig. 8). The crystallization peak at -8oC and the
melting peak around 26oC. Comparatively analyzing this with
the thermal analysis of Suberin (Fig. 9), its glass transition
temperature is -8oC. Thus, its chain mobility is increased and
results in crystallization of the soft segment in TPU/Suberin
composites. Around 26oC crystals influenced on Melting of
soft segment. The temperature where it occurs is equal to the
cross point in the storage modulus. Melting of Suberin is

started around 41oC. It can be seen that it is the specific tem-
perature of when the loss modulus changes.

In the case of TPU/Suberin composites two different melt-
ing peaks are existed over 200oC unlike TPU without Suberin
(Fig. 10a). That indicates that TPU/Suberin composites have
two types of hard segment crystal domain [15]. In the cooling
curves, (Fig. 10b) as the temperature decreases, the mobility of
polymer chains decreases and phase separation is also limited.
At that time, hard segment crystal domains are created in
composites. As the Suberin content increases, the enthalpy at
the crystallization peak decreases and the crystallization tem-
perature increases. The decrease of enthalpy in cold crystal-

Fig. 6. Storage modulus of TPU/Suberin composites

Fig. 7. Loss modulus of TPU/Suberin composites

Fig. 8. DSC results of TPU/Suberin composites

Fig. 9. DSC results of TPUS10 and Suberin 

Fig. 10. (a) DSC results of TPU/Suberin composites around
200oC, (b) DSC results of TPU/Suberin composites when
cooling 
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lization is occurred because heterogeneous crystallization is
required less energy than homogeneous crystallization [19].
As a result, when Suberin is added to TPU, heterogeneous
crystallization is generated and it increases crystallinity of
composite.

3.4 Morphology
The SEM images of the fracture surface of TPU/Suberin

composites show that as the content of Suberin increases, the
irregularity of the fracture surface increases (Fig. 11). It indi-
cates that the distance between crystal domains of the hard
segment get closer [20]. The reason for this change in mor-
phology is that the polar terminal functional group in the
chemical structure of Suberin creates new nucleation sites in
TPU forming heterogeneous crystals.

4. CONCLUSIONS

In this study, the elastic modulus increases 92% and damp-
ing factor increases 59% at room temperature by adding
10 wt% Suberin which is from cork as eco-friendly filler in
TPU. This is a result that goes beyond the existing trade-off
relationship between elastic modulus and vibration damping
effect. Those mechanical characteristics occur since Suberin
affects the microstructure of thermoplastic polyurethane,
changing the way crystals are formed. Increasing of elastic
modulus and damping factor at room temperature improves
durability and brings noise and vibration reduction. With

these unique performances, TPU/Suberin composite is suit-
able for caster wheel that do not require high speed drive. In
addition, in the digital mobile case markets where TPU, poly-
carbonate, and silicone rubber are the main products, the con-
tent protection performance can be upgraded by adding
Suberin to recyclable and biodegradable TPU.
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