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Obstract

To evaluate the hydrophilic capacity, polypropylene and surfactant (polyether siloxane) samples were extruded in 
the proportions of 0.0, 0.5, 1.0 and 3.0 (wt%) and films were obtained in a heated press. The samples were submitted 
to measurements of contact angle, surface tension, melt flow index and surface roughness. The results indicated 
that increasing surfactant content promoted better wettability and consequently higher hydrophilicity. Using water, 
the increase in the surfactant content reduced the contact angle (92.58° to 68.10°) and increased the surface tension 
(26.7 to 56.9 mN.m-1). However, with ethylene glycol, increasing the surfactant content promoted a small variation on 
the contact angle (59.14° to 65.10°) and on the surface tension (5.5 to 5.0 mN.m-1). The surfactant promoted a slight 
change in the melt flow index but not affected the roughness of the samples.
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1. Introduction

Polypropylene (PP) is currently one of the most studied 
polymers, mainly because of its interesting properties as 
moderate rigidity above glass transition temperature, relatively 
high melting point (allowing its use at temperatures higher than 
100°C), low density, hydrophobic characteristics, diversity 
in mechanical properties, low cost and high availability[1,2].

PP can also be used for the manufacture of non-woven 
products, which are widely used in filtration processes, 
agriculture, hygiene products, protective clothing and 
also for the production of carpets[3]. The manufacture of 
non-woven products usually occurs through melt-blown 
or spunbond processes. The most common process is melt 
blown, which is an extrusion process in which the molten 
polymer passes through air jets after exiting the extrusion 
die, causing the diameter of the fiber to decrease when in 
contact with ambient air, forming a web[4].

Due to the wide range of non-woven applications, 
sometimes it is necessary to modify the characteristics of the 
resin from hydrophobic to hydrophilic in order to provide 
adsorption ability for certain fluids[2]. Several studies have 
been carried out to investigate this modification; the contact 
angle measurement is usually an indicative of wettability 
(hydrophilicity). The tendency of a liquid to spread or wet 
the surface of a solid increases as the contact angle decreases. 
Thus, the contact angle represents an inverse measurement 
of wettability[5].

When the contact angle (θ) is lower than 90°, the surface 
can be characterized as hydrophilic (considering water as 

the liquid). When the angle is between 90° and 180°, it 
can be said that the surface is hydrophobic, being called 
predominantly non-wetting[6]. Andersen and Taboryski[7], 
after several analyses of the drops shapes, traced a drops 
profile as shown in Figure 1.

The modification of the hydrophobic to hydrophilic 
capacity of the non-woven PP is commercially important, 
considering the applications for automotive components, 
such as: benches, internal part of doors, for the protection 
of the instruments of dashboards, aiming the replacement 
of the natural fibers, which degrade in a short period of 
time[8]. However, for the utilization of non-woven PP in 
substitution of natural fibers, the PP needs an industrially 
and economically viable modification.

Wang et al.[9] investigated the improvement of the 
hydrophilic properties of the non-woven surface of 
polypropylene using a plasma atmosphere by dielectric barrier 
discharge in nitrogen at atmospheric pressure. The authors 
characterized the samples by contact angle measurements, 
scanning electron microscopy (SEM) and Fourier transform 
infrared spectroscopy (FTIR), before and after the plasma 
treatment. Their results showed that the surface of the samples 
presented hydrophilic properties after the plasma treatment, 
evidenced by the reduction of the contact angle; the plasma 
treatment also promoted an increase in the surface roughness 
and the introduction of oxigen- and nitrogen-containing 
polar groups on the surface of PP.
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In order to modify the wettability of PP, Wanke et al.[10] 
compared the plasma surface treatment with the ultraviolet 
vacuum technique (VUV) aiming to introduce functional 
groups containing oxygen in the material. The samples were 
analyzed by FTIR, atomic force microscopy (AFM) and 
contact angle with the objective of evaluating the chemical 
and physical changes of the PP surface. The authors observed 
that plasma treated samples presented better efficiency 
when compared to those treated by VUV; the plasma treated 
samples required a shorter exposure time to obtain the same 
contact angle. The chemical modification that occurred in 
both processes was observed after a 14-day exposure to 
plasma and ultraviolet light, which was measured by FTIR. 
The AFM analysis did not show change in the roughness 
of the samples after the exposure period.

Zhang, Sun and Xiao[11] studied the effects of the 
wettability of 16 additives introduced into the non-woven 
fibers produced by the melt-blown process. The effect of 
the additives on the surface tension of the polymers was 
determined by the measurement of the contact angle, and 
also the interference of the additive in the melt viscosity. 
The additives were divided into five groups according to their 
chemical functionality; the additive that presented the best 
performance reducing the surface tension was a surfactant 
of the family of the polyethers modified with trisiloxane.

The aim of this study was to investigate and evaluate the 
effect of the addition of polyether siloxane in a polypropylene 
film in order to increase the hydrophilic characteristics, 
allowing the sorption of polar materials, such as water.

2. Materials and Methods

2.1 Materials

The polypropylene (PP, H107, Braskem) used was a 
homopolymer, whose density is 905 kg/m3 and the melt flow 
index (MFI) is 80 g/10min (230°C/2.16kg). The surfactant 
used corresponds to a polyether siloxane (Tegopren 5840, 
Evonik), nonionic, liquid material.

2.2 Sample Preparation

The compounds studied contained 0, 0.5, 1.0 and 3.0 wt% 
of surfactant, according to Table 1. Before the extrusion 
process, PP granules and the surfactant used (a liquid at 
room temperature) were manually mixed for 5 minutes. 
After the manual mixing, the samples remained at rest for 
seven days. After this period the samples were extruded in 

a twin-screw co-rotating extruder (MScientific, Lab Tech 
Engineering Company), with mass temperature of 195°C 
and screw rotation of 220 rpm, obtaining pellets from 
which four films were produced in a heated press (210°C, 
29.4 MPa, 4 minutes). The test specimens were obtained 
from these films.

2.3 Characterization

2.3.1 Contact angle measurements

To measure the contact angles, deionized water, ethylene 
glycol, a high definition photographic camera and the 
software Surftens 4.7 were used.

The method used to perform the contact angle measurements 
was the “sessile drop”. This method consists of depositing a 
drop of a liquid on a solid surface; the droplet is magnified 
with a lens, and the contact angle is measured by the 
principle of the goniometer. The contact angle was defined 
as the angle between the tangent of liquid interface - air 
and the tangent between the solid interface - air, as shown 
in Figure 2.

For each sample, 6 measurements of the contact angle 
were made and the average of these measurements was 
used to express the result.

2.3.2 Surface tension

The surface tension was obtained by using Young’s 
method, considering that the drop is in equilibrium, applying 
Young’s Equation 1[12].

.SV   SL  LV cosγ γ γ θ= +   (1)

• θ: drop contact angle;

• γSV: surface tension of the solid vapor;

• γLV: surface tension liquid vapor;

• γSL: surface tension of solid liquid.

Figure 1. Drops profile (1), (2), (5): θ < 90° = hydrophilic; (3), (4), (6), (7): θ > 90° = hydrophobic.

Table 1. PP Samples + Surfactant.
Sample

Product 1 2 3 4
Quantity surfactant (%) 0.0 0.50 1.0 3.0
Surfactant mass (g) 0 10 20 60
PP mass (g) 2000 1990 1980 1940
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Table 2 shows the values of γLV and γSV under the 
normal conditions of temperature and pressure. The γSL 
value was obtained experimentally through the measurement 
of the contact angle.

2.3.3 Roughness

The surface roughness was determined by the standard 
NBR ISO 4287[16]. The values were obtained from the 
arithmetic average of 6 measurements for each sample, 
using a TR110 surface roughness tester. The method used 
was the roughness average (Ra) that is obtained from the 
arithmetic average of the absolute values of the ordinates 
of the spacings of the roughness profile points, in relation 
to the medium line, within the measurement path, which 
in this case was 2 cm2.

2.3.4 Melt Flow Index (MFI)

The melt flow index (MFI) was measured at 230 °C and 
2.16 kg on an Instron plastomer according to the standard 
ASTM D1238[17]. The average results were obtained from 
10 measurements with the objective of evaluating the 
influence of the surfactant on the fluidity of the compound 
and consequently associated with possible effects in the 
processing.

3.Results and Discussions

3.1 Contact angle

The contact angle measurement was used to determine 
the hydrophobic/hydrophilic character of the polypropylene 
using deionized water and ethylene glycol. In this study 
an average contact angle of 92.58° was obtained for the 
unmodified PP in water. A similar result was found by 
Brow and Bhushan[13] who obtained a measure of 96° using 
water and PP.

Figure 3 shows the average contact angle values 
obtained for each sample. For the deionized water, it was 
observed that the addition of the surfactant reduces the 
contact angle value. However, for the ethylene glycol, an 
increasing trend for the contact angle was observed with the 
increase in the surfactant content. This difference is related 
to the higher hydrophilic character of the water compared 
to the ethylene glycol. For the water, the lower contact 
angle result was obtained with the addition of 3.0 wt% of 
surfactant. A similar behavior was also observed by Zhang, 
Sun and Xiao[11] with deionized water. The contact angle 
change in ethylene glycol shows changes in the apolar 
component influenced by the surfactant characteristics 
(polyether siloxane). Wang, Bratko and Luzar[18] studied 
the contact angle variation in a natural (protein-based) and 
a synthetic (graphene layers functionalized with polar and 
apolar groups) surface. These authors observed that, along 
the surface, the angle varied according to the influence of 
neighboring groups. The influence of the polar (hydroxyl) 
and apolar (ethylene) segments of the ethylene glycol, as 
well as the chemical groups present in the surfactant (ether, 
methyl, and siloxane), can have the same effect.

3.2 Surface tension

Figure 4 shows the averages obtained from surface 
tension (solid/liquid) for water and ethylene glycol. It is 
observed that a variation of the surface tension occurs as 
the concentrations of the surfactant are increased, possibly 
due to the fact that the surfactant is migrating to the surface 
of the samples, increasing the concentration of siloxane 

Table 2. Tabulated Values γLV e γSV.
Sample γLV (mN.m-1) γSV (mN.m-1) Reference

Deionized Water 72.8 -------- [13]

Ethylene Glycol 47.7 -------- [14]

Pure PP ------- 30.7 [15]

Figure 2. Contact angle setting.

Figure 3. Contact angle in PP films with different surfactant 
concentrations.

Figure 4. Surface Tension in PP films with different surfactant 
concentrations.
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molecules on the PP surface. This migration can increase 
the hydrophilicity and the surface tension. Farris et al.[19] 
studied some features to improve the wettability and adhesion 
properties of polyolefin surfaces, proven through the 
reduction of the contact angle and consequently for the 
increase of the surface tension, which changed the shape 
of the drop from spherical to laminate. Similar behaviours 
are verified in Figures 3 and 4 for water where the decrease 
of the contact angle and the incresase of surface tension 
occurs. However, in ethylene glycol, the increase trend for 
the surface tension is possibly associated with an interaction 
with neighboring groups (methyl and ethers), as described 
by Wang, Bratko and Luzar[18].

Zhang, et al.[11] observed a variation of the surface 
tension when adding a polyether to the PP, and associated 
this change to a possible migration of the polyether from 
the solid interior to the surface of PP, thus increasing the 
PP hydrophilicity.

3.3 Roughness

Figure 5 shows the average of the surface roughness 
obtained for the samples. It was observed that there was no 
significant variation among the roughness of the studied 

samples. Therefore, the contact angle variation observed was 
mainly related to the surfactant content. Grundke et al.[20] 
highlighted that the study of the relation between contact 
angle and roughness has increased greatly in the last decades, 
especially studying wettability as a factor for self-cleaning 
products. They proved that increasing the surface roughness 
causes variations in the contact angle measurement in the 
range of 40°.

The relation between contact angle and roughness was 
studied by Morrow[21] which indicates that the preparation of 
a smooth solid surface is recognized as an important factor 
in obtaining reproducible results. In this work, it was not 
possible to observe a significant variation for the roughness, 
indicating that the surfactant promoted the modification of 
the contact angle values.

3.4 Melt Flow Index (MFI)

Figure 6 shows the melt flow index results for the studied 
samples. From Figure 6, it is observed that the addition of 
surfactant in concentrations of 1.0 and 3.0 wt% induced to 
a slight increase in the MFI. This was expected due to a 
lubricant effect of the surfactant.

4. Conclusions

The addition of the polyether siloxane provided a 
variation in the hydrophilic capacity of the polypropylene, 
where an addition of 3.0 wt% of surfactant promoted the 
highest increase in the hydrophilicity, substantially reducing 
the contact angle when deionized water was used. When 
ethylene glycol was used, no significant variation of the 
contact angle was observed.

The surface tension variation suggests that the surfactant 
can migrate to the surface of the polypropylene film, 
increasing the wettability and consequently promoting a 
reduction in the contact angle value.

The modification of the contact angle was not influenced 
by the roughness, since all the samples presented similar 
roughness.

Increasing the surfactant content did not cause a large 
modification on the MFI values.
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