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In this study, a waterborne polyurethane (WPU) is synthesized by using polytetramethylene ether glycol (PTMEG) to form the soft
segment, 1,4-butanediol (BDO) as the chain extender, n-methyldiethanolamine (MDEA) as a hydrophilic chain extender, and
isophorone diisocyanate (IPDI) to form the hard segment. Furthermore, the modified cationic WPU emulsion and its films are
created through a reaction between the WPU and a linear polyether-blocked amino silicone (LEPS), which is an organosilicon
compound that imparts flexibility. The properties of the structure and formed WPU films are then characterized by using
Fourier transform infrared spectrometry, a thermogravimetric analysis, atomic force microscopy, X-ray diffraction, and X-ray
photoelectron spectroscopy, as well as by measuring the water contact angle, testing the water absorption, etc. It is found that,
with an increase in the LEPS content in the WPU, the particle size of the modified WPU emulsion is increased, the WPU films
are more flexible, and the resistance of the modified WPU films to heat and water are increased, while the crystallinity is
reduced. The polysiloxane chain segment, which is added to the LEPS-modified WPU emulsion, is significantly enriched on the
surface of the modified WPU films, while there are no adverse effects of the LEPS-modified WPU emulsion on the adhesive
force between the WPU and substrate. When the LEPS content of the WPU is 14.0 wt%, the modified WPU emulsion and film
provide the best performance.

1. Introduction

Waterborne polyurethane (WPU), as a functional environ-
mental protection material, is widely used for coating floors
and walls in construction sites, in finishings for furniture,
coating of leather, 3D printing, fixing reactive dyes, bonding
interior materials in automobiles, and binding ink, as a bio-
material for cardiovascular applications in medicine, and in
a variety of other different industries [1–6]. However, com-
pared to solvent-based polyurethane (PU), coatings that use
WPU have low resistance to water, solvents, heat, and differ-
ent climates. Therefore, research work on the modification of
WPU to produce a WPU with better properties has become
very popular.

WPU that is modified with polysiloxane has both the
characteristics of PU and polysiloxane and therefore not only

has excellent resistance to both different climates and water
but also excellent flexibility, adhesive strength, and a low sur-
face energy, as well as good moisture management and air
permeability [7–9]. Therefore, research work on WPU mod-
ified with polysiloxane has received substantial attention. For
example, Zong et al. [10] conducted a synthesis of graft and
blocked copolymerization-modified polydimethylsiloxane-
(PDMS-) PU for a silicone block-modified WPU by using
the acetone process. With an increase in the PDMS content
or molecular weight, the viscosity and particle size of the
modified WPU emulsion increase, and the water and solvent
resistances of the coating also increase. Fei et al. [11] pre-
pared an internally cross-linked silicone-modified cationic
WPU by using hydroxyl-terminated polydimethylsiloxane
(HPMS). The solution was then formed into films. It was
found that the crystallinity of the films is reduced with an
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increase in HPMS in theWPU. The modifiedWPU showed a
noncrystalline state, and the microphase separation of the
films is increased.

The majority of organosilicon modifiers are hydroxyl and
amino silicone oils and silane coupling agents. However,
studies on the use of a linear polyether-blocked amino sili-
cone (LEPS) to synthesize a new structure of WPU have been
rarely carried out [12].

At present, research work on WPUmodified with polysi-
loxane has mainly focused on anion WPU [13–15], while
there are some although relatively few reports on cationic
WPU [16]. Cationic WPU is positively electroactive and
insensitive to hard water. Cationic WPU is easy to use with a
certain bactericidal effect, especially on electroactive sub-
strates with a negative charge, such as textiles, leather, and
paper. However, these are also flexible substrates which
require a soft WPU film. For this reason, an NCO-
terminated cationicWPU is synthesized in this study by using
polytetramethylene ether glycol (PTMEG) as the soft
segment, isophorone diisocyanate (IPDI) to form the hard
segment, and BDO and n-methyldiethanolamine (MDEA)
as the chain extenders. Moreover, a modified cationic WPU
emulsion and its films are created through a reaction between
the WPU prepolymer and linear polyether-blocked amino
silicone (LEPS), which is an organosilicon compound with a
large molecular weight and low ammonia value. The cationic
WPU prepolymer is anticipated to have good potential for
application in the different fields and industries mentioned
earlier. The stability of the modifiedWPU solution, hardness,
adhesion, resistance to water and heat, crystallinity and other
properties of the films are examined, and the impacts of
adding LEPS on the structure and properties of the WPU
emulsion and films are investigated.

2. Experimental

2.1. Materials. PTMEG (Mn = 2000 g · mol−1) was obtained
from Hangzhou Sanlong New Material Co., Ltd. (China).
IPDI was obtained from Bayer (Germany). MDEA,
DBTDL, BDO, acetone, and acetic acid were supplied by
Guoyao Chemical Reagent Co., Ltd. (China). LEPS
(ammonia value = 0:15mmol · g−1 and Mv = 2:5 × 104 g · mo
l−1) was synthesized according to laboratory standards, and
its molecular structure is shown in Figure 1 [17].

2.2. Preparation of WPU. To pretreat the rawmaterials, IPDI,
MDEA, and BDO were dried by using a molecular sieve to
absorb the water from the reagent. PTMEG was added into

a 500mL 3-neck flask with a magnetic stirrer, thermometer,
and condenser at a temperature of 115°C-120°C under
vacuum extraction for 60min to remove water and contam-
inants and then cooled to room temperature. During the
preparation of the WPU emulsion, the reactor was filled
with nitrogen and the PTMEG, IPDI, and DBTDL
(0.08wt% of the material composition) were placed into a
500mL 3-neck flask with a magnetic stirrer and a thermom-
eter after pretreatment. The reaction time was 90min at a
temperature of 80°C. The BDO was then added as a chain
extender and reacted for 60min. Then, the reaction temper-
ature was reduced to 55°C and the MDEA was subsequently
added as the chain extender. The reaction continued for
another 90min to form the NCO-terminated cationic
WPU. Acetone (30wt% of the cationic WPU) was added to
reduce the viscosity of the reaction. LEPS was then added
dropwise into the flask and vigorously stirred to disperse
the WPU to form the reaction. The reaction continued for
another 60min at a temperature of 55°C. A cross-linked
LEPS-modified WPU emulsion that contained 30% solids
was obtained after salification with a certain amount of acetic
acid for 20min and then emulsified for 50min with deion-
ized water under vigorous stirring. The acetone was removed
under a reduced pressure by using a vacuum pump. The
quantity (in percentage) of the materials used to prepare
the modified WPU is shown in Table 1, and the preparation
process of the modified WPU is shown in Figure 2.

The WPU emulsions were coated onto a teflon plate,
placed at room temperature for 48 h, and then dried for
48 h at 50°C until they reached a constant weight to form
the WPU films. The structure and performance of the films
were then characterized by using Fourier transform infrared
(FTIR) spectrometry, atomic force microscopy (AFM), ther-
mogravimetric analysis (TGA), X-ray diffraction (XRD), and
X-ray photoelectron spectroscopy (XPS), as well as by mea-
suring the rigidity of the films, particle size of the WPU
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Figure 1: Molecular structure of LEPS.

Table 1: Compositions of LEPS modified WPU emulsions.

Sample R value
IPDI
(wt%)

PTMEG
(wt%)

MDEA
(wt%)

BDO
(wt%)

LEPS
(wt%)

WPU0 1.4 41.0 48.0 6.0 5.0 0

WPU1 1.4 39.9 45.6 6.0 5.0 3.5

WPU2 1.4 39.5 42.5 6.0 5.0 7.0

WPU3 1.4 39.1 39.4 6.0 5.0 10.5

WPU4 1.4 38.9 36.1 6.0 5.0 14.0

WPU5 1.4 38.0 30.0 6.0 5.0 21.0
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emulsion, and water absorption and water contact angle of
the films.

2.3. Testing and Characterization. A Nicolet 5700 Fourier
transform infrared spectrometer (Thermo Fisher Scientific,
USA) was used to conduct the FTIR spectrometry, and the
FTIR spectra of the films were obtained in the transmission
mode. The films were grinded together with potassium
bromide (KBr) to collect the spectra. The scan range was
500-4000 cm-1, and 100 scans were performed at a frequency
of 5 cm-1.

To carry out the surface characterization through
AFM, a cover slip was coated with the WPU emulsion at

room temperature to prepare the WPU films. Determining
the morphology of the WPU films was done by using the
tapping mode of a Multimode 3A atomic force microscope
(Veeco, USA) with direct contact between the sample sur-
face and the cantilever tip under room temperature.

To carry out the TGA, the WPU films were examined
by using a TGA/SDTA851e thermogravimetric analyzer
(Mettler Toledo, Switzerland) under a nitrogen gas atmo-
sphere and heated at a rate of 5°C/min. The testing was
carried out at temperatures that ranged from 50°C to
550°C.

To carry out the XRD testing of the WPU films, a D/Max
2550 PC X-ray diffractometer (Rigaku, Japan) was used with
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Figure 2: Preparation process of modified WPU.
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copper- (Cu-) Kα radiation and a voltage of 40 kV, at a scan
speed of 0.06°/s, and scan range of 5°-60°.

To carry out the XPS, the WPU films were examined
under an XSAM800 photoelectron spectroscope (Kratos,
UK) and measured with an Al target. The voltage used
to operate the X-ray fluorescence gun was 12 kV, current
was 15mA, and the pressure in the analysis chamber was
2 × 10−7 Pa.

The WPU emulsion (10ml) was added into a centrifuge
test tube (15ml) to determine its stability during centrifuga-
tion and centrifuged at 2000 rpm for 20min.

The rigidity of the WPU films was tested in accordance
with the GB/T 6739-2006 (China) Standard Test Method
(Paints and varnishes—Determination of film hardness by
pencil test), and the adhesion of the WPU films was tested
in accordance with the GB/T 9286-1998 (China) Standard
Test Method (Paints and varnishes—Cross cut test for films).

The particle size of the WPU emulsion was tested by
using a ZetaSizer Nano-ZS laser particle size analyzer
(Malvern Instruments, UK).

To determine the water absorption of the films, they were
cut into squares with dimensions of 2 cm × 2 cm and a weight
of M1. The samples were then dried with a filter paper and
weighed (M2) after they were immersed into water for 24 h
at room temperature. The water absorption was calculated
by using the following equation:

Water absorption = M2 −M1
M1

× 100% ð1Þ

The water contact angle of the WPU films was deter-
mined by dripping deionized water onto the surface of the
WPU films. After 1min, the contact angle was measured
three times for each sample. The average value of the three
measurements was used for the analysis. A JC2000C3 contact
angle goniometer (Shanghai Zhongcheng Digital Technology
Equipment Co., Ltd., China) was used to carry out the con-
tact angle measurements.

3. Results and Discussion

3.1. Infrared Spectroscopic Analysis. The infrared spectra of
the LEPS, WPU0 (WPU is not modified with LEPS), and
WPU4 (WPU modified with 14% LEPS) samples are shown
in Figure 3. It can be observed that the LEPS samples show
Si-O-Si stretching vibration peaks at 1022 cm-1 and
1108 cm-1 and Si-C characteristic absorption peaks at 803,
865 and 1240 cm-1. The total content of -NH, -NH2, and
-OH in the LEPS is relatively low, and the mass score is only
about 0.6% (w/w), so there is no corresponding absorption
peak in the infrared spectra. It is well known that the stretch-
ing vibration ranges of N-H and C=O in polyurethane are
3300 cm-1~3600 cm-1 and 1600 cm-1~1900 cm-1, respectively.
However, hydrogen bonding is sensitive to the effect of
absorption peak, and the absorption peak moves to a low
wave number after forming hydrogen bonding [18–20]. It
can be observed that there are N-H stretching and deforma-
tion vibration peaks in the urea group at 3320 cm-1 and
1540 cm-1, respectively, and a C=O telescopic vibration peak

at 1710 cm-1 of both the WPU0 and WPU4 samples. These
vibration peaks indicate the presence of carbamate in both
of these samples, and hydrogen bonding are formed in N-H
and C=O, respectively. Moreover, the absorption peaks of
WPU4 at 1040 cm-1 to 1100 cm-1 are significantly wider
and stronger, and this absorption band is similar to that
of the LEPS, which is the result of the overlapping of
the Si-O-Si and C-O-C stretching vibrations [21]. Mean-
while, the WPU4 curve has a symmetric stretching vibra-
tion peak at 1240 cm-1 and a rocking vibration peak at
803 cm-1 due to the composition of Si-CH3. All of these
indicate that LEPS has been successfully incorporated into
the WPU chains and the resultant product is consistent with
the design structure.

3.2. Emulsion Properties. As the LEPS was introduced into
WPU, a polysiloxane segment was incorporated into the
WPU emulsion. The molecular weight increased due to
cross-linking and chain extension as the small number of
amino and imino groups in the LEPS has a certain effect on
the emulsion properties. The effect of the LEPS content on
the properties of the WPU emulsion is shown in Table 2.

Table 2 indicates that the appearance of the WPU emul-
sions is milky white in color andWPU emulsions are centrif-
ugally stable when the LEPS content of the WPU is within
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Figure 3: FTIR spectra: (a) LEPS, (b) WPU0, and (c) WPU4.

Table 2: Effect of LEPS content on properties of WPU emulsion.

LEPS
content (%)

Appearance
Stability during
centrifugation

Average
particle size

(nm)
PDI

0 Milky white Stable 107.8 0.126

3.5 Milky white Stable 125.0 0.179

7.0 Milky white Stable 172.1 0.381

10.5 Milky white Stable 186.6 0.356

14.0 Milky white Stable 203.5 0.307

21.0 Milky white
Obvious

precipitation
235.6 0.165
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14.0wt%.When the LEPS content in theWPU is increased to
21wt%, there is low centrifugal stability of the emulsion.
With an increase in the LEPS content in the WPU from 0
to 21wt%, the particle size of the modified WPU emulsion
substantially increases from 107.8 nm to 235.6 nm, and the
particle size dispersion coefficient first increases and then
decreases. The introduction of LEPS to WPU increases the
molecular weight of the modified WPU due to the chain
extension and cross-linking of LEPS and the WPU. The
amino and imino groups in the LEPS chain react with
-NCO in the WPU to introduce the polysiloxane chain seg-
ment which has a high molecular weight. Meanwhile, the
hydrophobic polysiloxane segment that is added to the
molecular chain causes an increase in the particle size of
the WPU emulsion [22, 23].

When a small amount of LEPS is introduced, some of the
WPU is grafted with the LEPS (modified WPU) while the
residual WPU reacts with alcohol or water (untreated
WPU). The molecules of the LEPS-modified WPU and
untreated WPU are both found in the emulsion, and the par-
ticle size of the modified WPU is larger than that of the
untreated WPU. Thus, there is an increase in the dispersion
of the particle size. However, when the amount of LEPS is
increased, there is also the increased likelihood that the
WPU has the same degree of copolymerization as LEPS.
Therefore, as the amount of LEPS is increased, the probabil-
ity that the WPU is being modified increases, and the range
of the particle size distribution of the WPU emulsion first
increases and then decreases. Therefore, in order to ensure
the storage stability of the emulsion, the highest amount of
LEPS introduced to the WPU was set at 14.0wt%.

3.3. Rigidity and Adhesion Performance of WPU Films. The
effect of the amount of LEPS on the rigidity of theWPU films
and their adhesion performance was tested, and the results
are shown in Table 3.

Table 3 shows that the shore hardness of the WPU films
is reduced from 3-4B to 5B as the LEPS content in the WPU
is increased. The adhesion of theWPU films is not affected by
the LEPS content as they all have a 0 grade adhesion, which
means excellent adhesion to the substrate.

LEPS is a new type of amino silicone oil with a low
ammonia value and large molecular weight, which are the
characteristics of polysiloxane [24]. The molecular chain of
the LEPS has good flexibility due to the alternating polymer-
ization of the linear-structured polysiloxane and polyether.
When subjected to external forces, the external forces can
be eliminated through the deformation of its own molecular
chain. Moreover, the degree of cross-linking between LEPS

and WPU is relatively low, and the polysiloxane chain seg-
ment can be readily enriched on the surface of the film.
Therefore, the LEPS-modified WPU films have good flexibil-
ity. In addition, LEPS has a low ammonia value and a small
number of hard urea groups produced through the cross-
linking of LEPS and PU, which means that they do not con-
tribute much in increasing the shore hardness of the films.
Thus, the modified WPU film has more flexibility with a
higher LEPS content. Furthermore, the LEPS-modified
WPU film is flexible and nonadhesive. As the WPU coating
was drying, the polysiloxane segment migrated to the film
surface, and there was surface enrichment of the film as the
compatibility between polysiloxane and PU is low and the
degree of cross-linking between the two is also low. On the
other hand, the polysiloxane chain segment on the adhesive
surface of the coating is shorter. Therefore, the adhesion of
WPU to the substrate is not affected by the modification
with LEPS.

3.4. Water Absorption and Contact Angle Analysis. The
results of the water absorption test and contact angle mea-
surements of the WPU films are shown in Figure 4.

It can be seen that with an increase in the content of LEPS
in the WPU from 0 to 14wt%, the water absorption of the
film is substantially reduced from 25.5% to 7.5% while the
contact angle is significantly increased from 59.7° to 82.3°.
Modification with LEPS has two effects on the resistance of
WPU to water. First, the compatibility of the polysiloxane
chain segment and PU in the modified WPU is low, which
enhances the microphase separation of the film. Further-
more, this leads to the ease of diffusion of the water molecules
in the film and increases the permeability of the film. Then,
after modification of the WPU with LEPS, the hydrophobic
polysiloxane segment was introduced to the WPU which, to
some extent, inhibited the diffusion of the water molecules
in the WPU film and reduced the adsorption of the film in
water. Therefore, the water resistance of the LEPS-modified
WPU films is improved. Figure 4 shows that the permeability
of the WPU film is reduced after modification with LEPS,
which indicates that the introduction of a polysiloxane chain
segment has a much stronger effect on increasing the water
resistance of the film than the decrease caused by an
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Figure 4: Effect of LEPS content on water absorption and contact
angle of WPU films.

Table 3: Rigidity and adhesion performance of WPU films.

LEPS content (%) Shore hardness (B) Adhesion (grade)

0 3-4 0

3.5 4 0

7.0 4 0

10.5 5 0

14.0 5 0
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enhanced microphase separation. As mentioned earlier, the
polysiloxane chain segment migrated to the surface of the
film during film formation, and there was surface enrichment
of the film, which reduced the surface tension of the film and
increased the water contact angle.

3.5. Thermal Performance of WPU Films. The TGA and DTG
curves of the LEPS-modified WPU are shown in Figures 5(a)
and 5(b), respectively, and the weight loss results of the sam-
ples due to thermal degradation are shown in Table 4.

Figure 4 and Table 4 show that the introduction of LEPS
to WPU has no negative effect on the initial weight loss tem-
perature or 5% weight loss temperature (T5) and 50% weight
loss temperature (T50) of the WPU films. Moreover, when
compared to the 90% weight loss temperature (T90) of
WPU0, there is an increase of the T90 of WPU2 (WPU mod-
ified with 7% LEPS) and WPU4 to 12°C and 33°C, respec-
tively. In addition, there are two thermal degradation stages
of WPU0: the first stage in which the maximum weight loss
temperature is 329°C (T1max) which is the maximum thermal
decomposition temperature of the hard segment in theWPU.
The second stage is when the maximum weight loss temper-
ature is 391°C (T2max) which is the maximum thermal
decomposition temperature of the soft segment in the
WPU, and this is consistent with the thermal decomposition
characteristics of the typical soft and hard segments of PU
[25, 26]. When T1max and T2max of WPU0 are compared,
there is an increase in the T1max of WPU2 and WPU4 to

6°C and 17°C and an increase in the T2max of WPU2 and
WPU4 to 9°C and 21°C, respectively. The thermal perfor-
mance analysis shows that WPU that has been modified with
LEPS has significantly improved heat resistance.

3.6. WPU Film Morphology Analysis. The morphology struc-
ture of the WPU films observed through AFM with different
amounts of LEPS is shown in Figure 6.

Figure 6(a) shows that there is an obvious microphase
separation between the convex-shaped IPDI hard segment
and the concave-shaped soft segment of the surface of the
WPU0 film. The introduction of polysiloxane chains that
have low compatibility with PU into WPU by adding LEPS
should have facilitated the formation of the microphase sep-
aration, while the surface of the WPU2 and WPU4 films is
smooth, and no obvious microphase separation can be
observed. Possible explanations are the large difference
between the solubility parameters of polysiloxane and PU
[27] and that the compatibility of polysiloxane and PU is
low. Moreover, the low cross-linking density of LEPS and
PU promotes the migration of polysiloxane to the surface
of the WPU film and enrichment of the surface, and the
result is that the surface of the WPU film is completely cov-
ered by the LEPS segment. Therefore, the microphase separa-
tion of the hard and soft segments of the WPU is not
observed. The XPS result for the WPU films below also pro-
vides specific evidence.

3.7. Elementary Analysis of Surface of WPU Film. The XPS
spectrum of the WPU films before and after modification
with LEPS is shown in Figure 7, and the element composition
is provided in Table 5. It can be seen in Figure 7 that the
untreated WPU film shows element peaks, including carbon
(C), oxygen (O), and nitrogen (N) peaks. As for the spectrum
of the WPU2 sample, there are the characteristic peaks of
Si2p and Si2s with a binding energy of 102 eV and 155 eV,
respectively, aside from the C, O, and N peaks. The spectrum
of the WPU4 sample shows the characteristic peaks of Si2p
and Si2s with a binding energy of 102 eV and 155 eV,
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Figure 5: Thermal performance of WPU films: (a) TGA curve of LEPS-modified WPUs and (b) DTG curve of LEPS-modified WPUs.

Table 4: TG results of WPU films.

Sample T5 (
°C) T50 (

°C) T90 (
°C) T1max (

°C) T2max (
°C)

WPU0 262 370 422 329 391

WPU2 260 378 434 335 400

WPU4 265 373 455 346 412

Note: T5, T50 , T90 , T1max, and T2max represent the temperature that
corresponds to a 5%, 50%, and 90% weight loss of the WPU films and the
maximum weight loss in the first and second stages, respectively.
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respectively, as well as C and O peaks, but no N peak can be
detected. The silicon (Si) percentage of the LEPS tested by
using XPS is 22.83%. Therefore, the Si percentage of the
WPU2 and WPU4 films is theoretically 2.28% and 4.56%,
respectively. However, it can be seen in Table 5 that the Si

percentage of the WPU2 and WPU4 samples is actually
17.17% and 20.40%, respectively. This means that there is
an increase in the polysiloxane segments on the surface of
the LEPS-modified WPU films, which in turn means that
there is an increase of Si and O on the surface of the films
while the C and N contents are obviously reduced compared
to the surface of the untreated WPU film. When the percent-
age of LEPS in the WPU is 14.0wt%, the percentage of Si is
close to that of the LEPS, which indicates that the polysilox-
ane chain segment on the surface of the WPU film almost
completely covers the PU chain segment, which results in
the removal of N.
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Figure 6: AFM images of (a) WPU0, (b) WPU2, and (c) WPU4.
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Figure 7: XPS spectrum of LEPS-modified WPU films.

Table 5: Element composition of LEPS-modified WPU films.

Sample
Element (%)

C O N Si

WPU0 70.05 24.76 5.19 0

WPU2 55.53 25.79 1.51 17.17

WPU4 52.08 27.52 0.00 20.40
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3.8. Crystallization Analysis. The XRD patterns of the WPU
films before and after modification with LEPS are shown in
Figure 8.

It can be seen in Figure 8 that regardless whether there is
modification, the XRD patterns all show dispersion diffrac-
tion peaks, and the diffraction peaks are almost all found at
the diffraction angle of 20°. After WPU is modified with
LEPS, it can be observed in Figure 8 that the LEPS reduces
the XRD peak intensity of the WPU films while the disper-
sion of the diffraction peak becomes more obvious which is
due to the numerous amorphous microcrystalline and sub-
crystalline states in the system [28, 29].

The results in this study show that PTMG and IPDI can-
not form a crystalline continuous phase and only amorphous
PU can be obtained. Nevertheless, modification with LEPS
affects the crystallinity of WPU, which can be summarized
as follows: first, the steric hindrance of the polysiloxane and
the formed cross-linked structure after modification reduce
the ordered arrangement of the PU chains and their crystal-
linity. Secondly, the urea group produced after modification
with LEPS enhances the function of the hydrogen bonds,
which is conducive to the formation of an ordered structure,
thus enhancing the molecular chain alignment and improv-
ing the crystallinity of the modified WPU. In general, modi-
fication with LEPS reduces the crystallization performance of
WPU and compatibility between polysiloxane and PU, which
promote the formation of the microphase separation. The
effects increase and become even more obvious when more
LEPS is added to the WPU.

4. Conclusion

A cationic WPU modified with flexible polysiloxane is syn-
thesized by using PTMEG, IPDI, BDO, MDEA, and LEPS
as the main material. With higher percentages of LEPS in
the WPU, the particle size of the modified WPU emulsion
is significantly increased, while the centrifugal stability of
the emulsion is reduced. Moreover, the WPU films are more
thermally stable at high temperatures and the LEPS-modified
WPU films are less permeable to water, while the crystalliza-
tion of the WPU films is reduced. Obviously, there are more
polysiloxane segments on the surface of the LEPS-modified

WPU films. Furthermore, the LEPS-modified WPU films
are flexible and nonadhesive which is determined through
touch. Modification with LEPS has no negative effect on the
adhesion between the WPU film and substrate. Moreover,
an LEPS content of 14.0wt% in the WPU provides the
WPU emulsion and film with an overall optimum perfor-
mance. Therefore, WPU that is modified with LEPS has
promising applications in textile and leather and as an alter-
native flexible substrate coating.
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