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Abstract Films from blends of polyurethane and

nano-polytetrafluoroethylene aqueous dispersions

(PU/nanoPTFE) were prepared, and the effect of the

addition of different amounts of PTFE nanoparticles

(50 nm) was studied. The changes in the superficial

properties of the films were studied by means of XPS,

ATR/FTIR, and contact angle measurements. SEM

and TEM results are also included. The contact angle

values confirm the surface hydrophobicity of com-

posite films. Even though nanoparticles are present in

the bulk, higher concentrations of particles appear at

the surface in samples with lower nanoPTFE content

(up to 10 wt%), as revealed by XPS. Higher amounts

of nanoPTFE particles cause aggregation. The

mechanical and thermal properties of composites are

also discussed.

Keywords Polyurethane � PTFE nanoparticles �
Composite materials � Low-energy surface � Contact

angle � XPS

Introduction

Various methods have been reported for the prepara-

tion of hydrophobic surfaces, like electrochemical

reaction and deposition (Meng et al. 2008; Li et al.

2003), chemical vapor deposition (Zheng et al. 2009),

etching method (Pan et al. 2009), surface modification

(Jeong et al. 2006), electro-spinning, and lithography

(Zhu et al. 2006; Lai et al. 2008) or sol–gel techniques

(Lakshmi and Basu 2009). These methods create a

rough micro/nanostructure on a hydrophobic substrate

surface or modify them with low surface energy

materials such as fluorinated or silicon compounds.

However, these methods generally present some

disadvantages, for instance cost and unpractical

application. Yamauchi et al. (2005) reported the

incorporation of PTFE nanoparticles to prepare a

water-repellent coating for mobile phone micro-

phones. High water repellency was attributed to both

the surface roughness formed by the PTFE particles on
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the surface of the coating and the existence of air under

the water droplets on the surface of the coating. As the

concentration of PTFE increases, higher contact

angles are obtained. More recently, Huang et al.

(2011) have incorporated PTFE nanoparticles in

polyoxymethylene to modify the tribological

properties.

On the other hand, polyurethanes (PU) are perhaps

the most versatile polymers material used in coatings

with a wide variety of physical and chemical properties,

derived from the possibility of tailoring these properties

from many commercially available and relatively

inexpensive polyols, isocyanates, and chain extenders.

Water-based polyurethane dispersions (PUDs) have

received increased attentions because they are non-

toxic, non-flammable, and do not pollute the environ-

ment like solvent-based materials. Systems based on

PUDs show excellent film properties and possess a high

outdoors resistance, to grazing and UV radiation.

However, the hydrophilic segments of PU adversely

affect the water and oil repellency of films due to the

relatively high surface free energy (Król 2007).

The incorporation of fluorine atoms into the

polymer chain would give the PU films special surface

properties since these species are expected to migrate

to the surface, resulting in a considerable decrease in

the surface energy. The incorporation of fluorine into

polyurethane matrixes introduces changes in the final

properties such as chemical, thermal, hydrolytic, and

oxidative stability. In order to obtain a material with

good surface properties, fluorinated modifiers need to

be concentrated at the film/air interface (Lee et al.

2007). This goal could be achieved by taking advan-

tage of the tendency of surface segregation of fluori-

nated species.

Recently, Liu et al. (2011) have reported the

preparation of PU/PTFE composites for preparing

superhydrophobic coatings using a solvent-based

procedure. They found that an irregular rough struc-

ture with dispersed grooves and protuberances was

responsible for the surface superhydrophobicity.

However, to our best knowledge, there are no

reports about preparing hydrophobic water-based

coatings using composites from aqueous polyurethane

and nanoPTFE dispersions. In this work, surface-

modified PTFE nanoparticles (nanoPTFE) were

blended with a PU dispersion to obtain PU/nanoPTFE

composites. Surfaces were subsequently examined by

static contact angle measurements and by X-ray

photoelectron spectroscopy (XPS). In addition, inter-

action between the nanoparticles and the polyurethane

chains was studied by FTIR spectroscopy. With low

nanoPTFE content (up to 10 wt%), a self-stratifying

dispersion is obtained after drying.

Experimental

Materials

Isophorone diisocyanate (IPDI, Aldrich), 2-hydroxy

ethylmethacrylate (HEMA, Aldrich), potassium per-

sulfate (KPS, Anedra), hydrazine monohydrate (HZN,

Aldrich), triethylamine (TEA, U.V.E.), and dibutylin-

dilaurate (DBTDL, Aldrich) were of analytical grade

and were used as received. Polypropylene glycol 1000

(PPG1000, Voranol 2110) was dried and degassed at

80 �C at 1–2 mm Hg before use. Dimethylol propionic

acid (DMPA, Aldrich) was dried at 100 �C for 2 h in

an oven. TEA was also dried before use.

The nanoPTFE aqueous dispersion (Algoflon�

MD10 PTFE, nominal average particle size ca.

50 nm, f = -51 mV) was donated by Solvay Spe-

cialty Polymers (formerly Ausimont S.p.A.).

Synthesis of PUD and PU/PTFE composites

Polyurethane was synthesized following a prepolymer

mixing process, by polyaddition of isophorone diiso-

cyanate, poly(propylene glycol), 2-hydroxyethyl

methacrylate, and dimethylol propionic acid (DMPA).

The PU anionomer having 2-ethylmethacrylate termi-

nal groups was dispersed in water containing chain

extender (hydrazine) by prior neutralization of the

carboxylic acid groups with triethylamine. The dis-

persion was degassed with nitrogen and then poly-

merized at 80 �C using potassium persulfate

(0.15 wt% on HEMA base) as the initiator. The

resulting polyurethane dispersion (PUD) was a stable

dispersion with solid content of about 30 wt%. The

particle size (by DLS measurements) was 114 nm, the

zeta potential—56 mV, and the gel fraction value

94 %. More experimental details on the preparation of

PUDs are given in a previous work (Pardini and

Amalvy 2008).

The composites were prepared by mixing different

amounts of PUD and nanoPTFE dispersion (from 2 to

50 wt%). The nanoPTFE dispersion was slowly
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added, drop by drop, to the PUD, while continuously

stirring for 5 min. The resulting products were stable

dispersions with solid content of about 30 wt%. A

shorthand notation is used in this paper to describe the

blend systems. Thus, ‘‘90/10’’ denotes a system

consisting of 90 wt% of PU and 10 wt% of nanoPTFE.

Film formation

Composite films were prepared by casting the disper-

sions on a Teflon� substrate and evaporating the water

at 30 �C. Samples were then thermally treated (cured)

at 60 �C for 48 h to allow complete coalescence.

Characterization

Fourier transform infrared spectra (FTIR)

Fourier transform infrared spectra (FTIR) of PU,

nanoPTFE, and composite samples were obtained

using a FTIR Nicolet 380 spectrophotometer, in

transmission and ATR modes (64 scans and a resolu-

tion of 4 cm-1).

X-ray photoelectron spectra (XPS)

XPS spectra were recorded using the SPECS Phoibos-

150 high resolution hemispherical electron energy

analyzer equipped with 9 channeltrons and one Al

Ka1,2 X-ray source.

Contact angles and surface energies

Contact angle measurements have been carried out

using a Model 500 goniometer (Ramé-Hart Instrument

Co., USA) in the contact angle mode. Images were

analyzed using the DROP image Advanced v2.2

software. All the tests were performed on the air-

facing surfaces of the samples. Six measurements on

different points were performed to calculate the mean

static contact angle, h. Among the different

approaches enabling the determination of the different

contributions to the surface energy of the solid based

on contact angle measurements (Balkenende et al.

1998; Durrieu et al. 2004), we chose to work with the

one proposed by Owens and Wendt (1969). Water,

ethylene glycol, dimethyl sulfoxide, and 1-bromo-

naphthalene were used as probe liquids in terms of

their polar and dispersive contribution.

Scanning and transmission electron microscopies

Scanning electron microscopy (SEM) images were

obtained using a Jeol JSM-6460 (Japan) instrument.

Samples were freeze-fractured using liquid nitrogen

and sputtered with a Pd/Au blend before the observa-

tion. Transmission electron microscopy (TEM) stud-

ies were performed using a JEM 1200 EX II - JEOL

instrument. Dilute dispersions were dried onto carbon-

coated copper grids without metal coating.

Thermal properties

Melting temperatures of nanoPTFE and PU/nano-

PTFE samples were determined by differential scan-

ning calorimetry (DSC) using a Shimadzu DSC-60

instrument, running about 5 mg sample from room

temperature to 340 �C, at a heating rate of 10 �C

min-1. A nitrogen gas purge was applied during

analysis. Crystallization temperatures were deter-

mined on selected samples by applying heating and

cooling cycles at ±10 �C/min from 200 �C up to

337 �C, just above the melting point of PTFE to avoid

PU degradation.

Thermal gravimetric analysis (TGA) was obtained

using a Shimadzu DTG-60 instrument, running also

about 5 mg sample from room temperature to 550 �C

at a heating rate of 10 �C min-1.

Mechanical properties

Tensile properties (tensile strength, elongation at

brake, and tension at brake) of the polymer films were

measured at 25 �C using an EMIC DL-3000 tensile

testing machine. Dog-bone-type specimens of

0.250 mm thickness, 6 mm width, and 33 mm length

were prepared according to the test procedure given in

ASTM D-638 (Type IV specimen), and a testing speed

of 500 mm min-1 was used.

Roughness

The surface roughness analysis of the specimens was

conducted using a Hommel Tester Basic T1000

machine and expressed in Ra values (Roughness

average mm). The tracings were carried out five times,

in five different locations, for each surface. The

roughness was obtained by the arithmetic mean of

these readings.

J Nanopart Res (2014) 16:2529 Page 3 of 11 2529

123



Results and discussion

FTIR analysis

Figure 1 shows the FTIR spectra of PU and PU/

nanoPTFE composites. The PU spectra demonstrates

typical bands at around 3,331 cm-1 (N–H stretching

vibrations), a broad band centered at 1,706 cm-1

(C=O stretching), a band at 1,531 cm-1 (Amide II

band), a signal centered at 1,239 cm-1 (Amide IV

band), and a band at 1,100 cm-1 (C–O-C stretching

vibration of polyetherdiol) (Peruzzo et al. 2010).

A progressive change in the spectrum is observed in

the composite samples, when increasing nanoPTFE

content. Besides the bands of PU, characteristic PTFE

peaks are observed (Yiang and Krimm 1956). The CF2

stretching vibration of bulk PTFE occurs at the most

intense IR absorption band, near 1,200 cm-1. This

band consists of two peaks at 1,207 and 1,152 cm-1

(not shown here) (Yiang and Krimm 1956). The CF2

asymmetric stretching mode appears at 1,206 cm-1 as

a shoulder of the Amide IV band in the 90/10 sample

and it turns in a well-defined absorption band when its

concentration increases. The intensity of the band

located at 1,146 cm-1 assigned to the CF2 symmetric

stretching mode (Yiang and Krimm 1956) increases

with the nanoPTFE content.

X-ray photoelectron spectra analysis

Figure 2 shows an example of the XPS analysis of the

air-exposed surface samples. Figure 2a presents the

C1s peaks for pure PU as well as for the nanoPTFE

sample and the PU fitting. Figure 2b displays the

corresponding spectrum for the 30 wt% nanoPTFE

sample. Table 1 shows the fragment concentrations at

the surface for PUD, nanoPTFE, and PU/nanoPTFE

samples.

As expected, peaks corresponding to carbon (C1s),

nitrogen (N1s), oxygen (O1s), and fluorine (F1s) are

detected. The inset shows the fitted components of the

C1s peak where it is possible to identify contributions

from both the PU (components 1–3) and nanoPTFE.

PU without nanoPTFE (Fig. 2a) was first fitted using

three Lorentzian doublets (doublets were used due to

the X-ray Al Ka1,2 character) with FWHM =

0.42 eV, each of them truly convoluted with a

Gaussian function of FWHM = 1.29 eV, which takes

into account the experimental broadening previously

calibrated using Au 4f spectrum. Each of these

Fig. 1 ATR-FTIR spectra of PU and PU/nanoPTFE

composites

Fig. 2 a XPS spectra of C1s peak for pure PU and nanoPTFE.

b Survey XPS spectra of B70:30 sample. Inset graph shows the

C1s fitted components The peak label 7 is an X-ray satellite of

component 4 (see text for details)
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components is related to carbamate group (C=O, C–O,

C–N, and C–C). A contribution from the carboxylic

group from DMPA moiety is also expected in peak 3

(Beamson and Briggs 1992).

To fit the complex spectra for PU/nanoPTFE

systems, we have kept fixed the line widths, relative

peak positions found for components 1, 2 and 3 as well

as the intensity ratio between them. In addition to

those components, there are others clearly related to

the nanoPTFE. Component 4 is observed, which can

be assigned to the CF2 groups (binding energy

*292.5 eV), and is consistent with the bulk PTFE.

Notwithstanding the concentration for such a compo-

nent might be very sensitive to changes in F concen-

tration(e.g., due possible effects of radiation damage

typically observed in fluorinate polymers). There is

also a clear component label 6 around 287 eV which

also changes in intensity with the concentration of

nanoparticles. This component is more difficult to be

assigned, but could be associated with the ethereal

carbon (C–O) contribution from the PPG soft segment

due to an enrichment or orientation at the surface

(Abdulkadir et al. 2006). A similar behavior was also

observed in polyurethane-imide/clay hybrid coatings

(Chattopadhyay et al. 2006). The incorporation of

nanoPTFE clearly modifies the phase mixing of the

segments of PU, as a consequence of additional

hydrophobic interactions, and therefore the migration

of the soft segments to the surface. However, the high

resolution XPS of F 1 s (not shown here) indicates the

presence of two components at 690.6 and 689.7 eV.

Hydrogenated co-monomers like C2H4 and C3H6 are

introduced during the last part of polymerization of

PTFE dispersion to modify the surface properties

(Marchese et al. 2001), so –CH2F2– or –C(CH3)HF2–

species are formed. We found evidence of the former

species in the FTIR spectra of a concentrated sample

of nanoPTFE. Signals at 2,875 and 2,381 cm-1 for C–

H stretching vibrations and at 720 cm-1 for rocking of

–CH2– groups are observed among others. Therefore,

the component 6 could be addressed to –CH2F2–

groups. The binding energy for –CH2– groups bonded

to –CF2– is very close to the observed value for

component 6. For example, it is reported in the

literature (Beamson and Briggs 1992) that for

poly(vinylidene fluoride) –(CF2CH2)n– the binding

energy is equal to 286.5 eV for C 1 s of the –CH2–

group and 688.2 eV for the corresponding F 1s.

The atomic percentages of fluorine, both theoreti-

cally calculated (bulk composition) and measured

values (surface composition) are given in Fig. 3. The

relative concentration of Fluorine (F1s) and Carbon

(C1s, component 4) for CF2 groups is consistent with

bulk PTFE. Even though nanoparticles are present in

the bulk, higher concentrations of particles appear at the

surface for lower nanoPTFE contents. The result seems

to be different to those found by comparing ATR and

transmission FTIR spectra. However, the beam pene-

tration in XPS assays is only around 5 nm, compared to

2 lm on the ATR experiments (ZnSe crystal, 45�).

Contact angle and surface energy

The wettability of the resulting films on PFTE

substrates is evaluated by means of contact angle

(CA) measurements.

Table 1 Fragment

concentrations at surface for

PUD, nanoPTFE, and PU/

nanoPTFE samples

* Component (5) is

attributed to different

hydrocarbon

** Component (6) is

attributed to surface

modifications of the

nanoPTFE (see text)

Fragment concentration (%)

Sample PUD nanoPTFE 98/2 95/05 90/10 80/20 70/30 60/40 50/50

C1s-1(PU) 61.6 – 38.4 33.1 23.5 28.5 19.4 16.4 24.8

C1s-2(PU) 12.2 – 7.6 6.5 4.6 5.6 3.8 3.2 4.9

C1s-3(PU) 2.4 – 1.5 1.3 1.0 1.1 0.8 0.6 1.0

C1s-4(CF2) – 35.1 3.8 7.3 14.9 9.9 17.5 17.8 16.5

C1s-5* – – 1.1 1.2 1.2 3.2 1.3 1.8 0.9

C1s-6** – – 13.9 15.6 10.9 13.1 12.0 13.6 10.6

O1s-1 10.8 37.3 2.5 7.4 14.7 10.6 15.8 16.9 14.5

O1s-2 9.4 27.7 4.6 7.8 15.1 12.8 14.3 15.6 14.7

N1s 3.5 – 11.9 10.1 7.0 6.3 6.1 6.6 7.1

F1s – – 14.7 9.7 7.1 8.9 8.9 7.4 5.0
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Figure 4 shows the water contact angle dependence

on nanoPTFE particles content. The insets show

typical water-drop images. It can be seen that the

incorporation of 50 wt% of nanoPTFE changed the

surface characteristics of the polyurethane film from

hydrophilic (58.7�) to hydrophobic (104.3�).

The relationship between water CA and nanoPTFE

content is not lineal and increases with increased

nanoparticles content, when compared to pure poly-

urethane, reaching a maximum value for 20 wt%

nanoPTFE (Fig. 4) indicating a more hydrophobic

surface for this composition. The non-linear behavior

could be explained by the accumulation of the

nanoparticles to the air interface during the film

formation (see XPS results). Beyond 20 wt%, the

water CA remains almost constant probably due to

saturation of the surface.

The total surface energy of these polymer films

shows a marked decrease as nanoPTFE content

increases. The polar contribution was higher in the

Fig. 3 Bulk and experimentally determined atomic compositions of the films

Fig. 4 Water contact angle

variation with nanoPTFE

content and typical water-

drop images of PU (a) and

PU/nanoPTFE 50/50

surfaces (b)
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case of PU, because of the higher polarity of the

urethane moiety. The Owens–Wendt method high-

lighted that this decrease came mainly from the polar

contribution. This feature is clearly attributed to the

PTFE nanoparticles which gave a corresponding

decrease in the total surface energy values. All these

features are clearly displayed in Fig. 5.

SEM and TEM

Figure 6 shows the SEM images of samples with 20,

30 y 50 wt% of nanoPTFE content.

SEM images showed important differences

between PU and PU/nanoPTFE samples in the

freeze-fracture surfaces. PU film presented a smooth

and relatively featureless fracture surface morphology

but, on the contrary, PU/nanoPTFE composites show a

rough one. An attempt to incorporate additional

nanoPTFE particles produced a much rougher pattern.

It was attributed to the breakage of the matrix structure

of the PU after adding nanoPTFE particles. The

uniform rough pattern through the fracture surface

suggests that the PTFE nanoparticles are present in the

bulk.

Figure 6 shows also a typical TEM image of the

samples prepared in this work (Fig. 6e). It can be

observed that the particle size of the PU particles is

about 170 ± 30 nm, which is higher than the particle

size obtained by DLS probably due to a flattened of the

soft material that compose the particles. On the other

hand, nanoPTFE particles presented a particle size

around 50 ± 10 nm, in agreement with the nominal

average particle size indicated by the provider.

Thermal and mechanical properties

Differential scanning calorimetry

DSC analyses indicate that the melting temperature

(Tm) of nanoPTFE changes by including them in the

PU matrix. The melting of the nanoPTFE sample

(Fig. 7a) occurs at 324.8 �C in agreement with the

Fig. 5 Surface energies of PU/nanoPTFE composites

Fig. 6 SEM images for PU (a), 80/20 (b), 70/30 (c), 50/50 (d), and TEM image for 70/30 (e)
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literature data (Sparnacci et al. 2009). The Tm value for

the nanoPTFE/PU 50/50 sample is observed almost at

the same temperature. For the 60/40, 70/30, and 80/20

nanoPTFE/PU samples, a small shift of about 0.5 �C is

observed (Fig. 7c, d, e) and for sample 95/5, the shift is

2.8 �C.

The shift of Tm to a slightly lower temperature could

indicate some interaction between the PU matrix and

the PTFE nanoparticles (Kapeliouchko et al. 2009).

It is well known that the melting point of nanopar-

ticles is lower than the macroscopic material (Hosok-

awa et al. 2007). The lower melting point of PTFE

observed in the PU/nanoPTFE indicates that nanopar-

ticles are almost disaggregated.

To verify the dispersion degree of the PTFE

nanoparticles at low concentrations, samples 95/5

and 98/2 were subjected to heating and cooling cycles

at ±10 �C/min from 200 �C up to 337 �C (just above

the melting point of the PTFE). Figure 8 shows the

first and second cooling curves where the crystalliza-

tion process is observed. For the 95/5 sample, the

crystallization temperature is about 268 �C and for the

98/2 sample about 267 �C. Bulk PTFE crystallizes at

310 �C (Giani et al. 2003; Righetti et al. 2013a). The

lower crystallization temperatures observed for 95/5

and 98/2 PU/nanoPTFE samples correspond to PTFE

nanoparticles completely surrounded by the PU matrix

(Giani et al. 2003; Pompe et al. 2005). A similar value

of 270 �C was reported by Kapeliouchko et al. for

PMMA/nanoPTFE core–shell particles (Kap-

eliouchko et al. 2009).

The second heating curves are very similar to the

first ones, and no melting of bulk PTFE is observed at

310 �C, indicating no coalescence of nanoPTFE

particles. These observations indicate that at nano-

PTFE concentrations of 5 wt% or less the nanoparti-

cles are very well dispersed in the PU matrix. Similar

results were observed by Righetti et al. (2013b) in

PTFE and polyethersulfone (PES) composites.

Thermal gravimetric analysis (TGA)

PTFE is stable up to 500 �C and TGA analysis

indicates that by including nanoPTFE in the PU

matrix, thermal resistance increases (Fig. 9). For

example, the T10 stability temperature (temperature

for 10 wt% decomposition) is 297 �C for PU and

increases to 303 �C (90/10), 314 �C (80/20; 70/30),

318 �C (60/40), and 323 �C (50/50).

Mechanical properties

Table 2 shows the mechanical properties of studied

systems, and they were affected by the incorporation of

the PTFE nanoparticles. Low amounts of nanoPTFE

improve tensile modulus, and the nanoPFTE particles

are acting as a reinforcing material. The improvement

in mechanical properties of films caused by the

addition of hard particles to soft binder latex was also

reported by Eckersley and Helmer (1997). However,

both tensile strength and elongation at break are

diminished when going to 20 wt% or higher content

Fig. 7 DSC heating curves of nanoPTFE (a) and 50/50 (b),

60/40 (c), 70/30 (d), 80/20 (e), and 95/5 (f) PU/nanoPTFE

composites

Fig. 8 DSC cooling curves for 95/5 (a 1st, b 2nd cycle) and for

98/2 (c 1st, d 2nd cycle) PU/nanoPTFE composites
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indicating that the presence of particle aggregates

induce fails, affecting the film elongation once the PU

chains are oriented (since tensile modulus is not

significantly affected). Righetti et al. (2013a) observed

an increment in the storage modulus for 95/5 PES/

PTFE composite and reduced values for 80/20 and

60/40 compositions.

On the other hand, roughness (Ra) increased for all

concentrations up to 30 wt% and then decreased for

higher concentrations. For 50 wt%, the Ra value is equal

to that of the pure PU sample. This behavior is consistent

with the idea that the nanoparticles accumulate in the

film surface up to a concentration in which they

agglomerate, stopping their migration to the surface.

Conclusions

Properties of PU films have been modified by the

addition of PTFE nanoparticles and the contact angles

of the composite films were higher than that of pure

PU. XPS results indicate a higher concentration of

nanoparticles at the film-air interface than in the rest of

the sample, when nanoPTFE content is less than

10 wt%. Upon drying at room temperature, the soft PU

particles (Tg = 30 �C) in the blend deform and pack to

form a continuous matrix (phase separation) but the

nanoPTFE particles retain their spherical shape

(Tg = 130 �C). This phase separation is also favored

by the negative surface charge of the particles

(fPU = -56 mV; fnanoPTFE -51 mV). In this way,

the nanoPTFE particles separate and follow the drying

front and self-stratified coating is then obtained. When

polytetrafluoroethylene nanoparticles concentration

increases, a percolation effect affects the phase

separation process.

The thermal stability of the composite material

increased, when increasing the nanoPTFE content.

DSC analysis shows that for nanoPTFE particle

concentrations less than 5 wt%, the nanoparticles are

Fig. 9 TGA curves of PU

(a) and PU/nanoPTFE

composites: 90/10 (b), 80/20

(c), 70/30 (d), 60/40 (e), and

50/50 (f)

Table 2 Mechanical properties of PU and PU/nanoPTFE composites

Tensile strength (MPa) Elongation at break (%) Tensile modulus (MPa) Roughness (Ra) (mm)

PU 16.75 ± 0.75 236.2 ± 7.59 60.95 ± 6.22 0.13

90/10 17.81 ± 1.98 204.3 ± 23.53 107.90 ± 4.65 0.31

80/20 10.52 ± 0.66 161.3 ± 24.78 66.21 ± 3.84 0.32

70/30 6.62 ± 0.73 90.4 ± 13.49 56.30 ± 7.33 0.50

60/40 5.20 ± 0.42 90.3 ± 12.12 44.91 ± 2.96 0.31

50/50 – – – 0.13
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well dispersed in the polymer matrix forming true

polymeric nanocomposites. Also, the mechanical

properties of low nanoPTFE content samples

increased. The overall properties made these compos-

ite useful as low-energy surface coatings easily

applied directly to the substrate by conventional

methods. These nanoPTFE/PU dispersions could also

be used as primers to improve the compatibility of

PTFE with other materials.
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