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Abstract - Suerhydrophobic and superoleophilic
PET (  polyethyleneterephthalate)foam  was
successfully prepared by coating of modified silane
solution on the surface of PET foam. To prepare
superhydrophobic PET foam , raw PET foam was
pretreated by alkali to get affinity of -OH group and
coated with modified silanesolution .The formation of
alkali treatment to get rough morphology and then
followed modified with silane solution for
superhydrophobicity was confirmed with scanning
electron microscopy and investigated the wetting
behavior and absorption capacity of probing liquids
on the superhydrophobic foam. The coated foam
showed higher water repellent activity and higher
absorption capacity of oil than raw PET foam with
156 ‘C of water contact angle and absorption
capacity of three kinds of probing liquids were 2times
greater than raw PET foam.
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I. INTRODUCTION

The discharge of oil-contaminated water
from the daily life of people as well as from
industries can result in serious environmental
pollution, and the frequent oil spills resulting from oil
transport accidents may be destructive for marine and
aquatic ecosystems. Therefore, oil/water separation
has always been an important and exigent task in the
fields of chemical engineering and environmental
protection [1, 2]. Although many methods such as
chemical and Dbiological treatments, gravity
separation, as well as the use of absorbance and
electric field, have been developed and successfully
employed as oil/water separation technologies, the
limitations of low separation efficiency, energy cost,
and complex separation instruments have caused
difficulty in taking advantage of these methods [3].
Thus, it is necessary to develop effective
technologies and new materials for oil/water
separation. As a cost-effective and well-established
technique, spray coating is capable of achieving
superhydrophobic surfaces with different
morphologies; it involves the spraying of a low-
concentration suspension consisting of a solvent,
inorganic particles, and a polymeric binder [4-6]. In

previous studies, our group has reported the simple
approach for directly fabricating superhydrophobic
polymer coatings with hierarchical micro and nano-
structures via spraying polymer solutions on flat
substrates with various solvent compositions [7, 8].
Conventionally, by utilizing the spray coating method
to fabricate superhydrophobic membranes for
oil/water separation, a mesh (metal mesh and fabric)
serving as a support is required for improving
mechanical properties and rendering a micro-scale
porous structure [9, 10, ].

In this work, we prepared a simple method
for  fabrication  of  superhydrophobic  and
superoleophilic poly (ethylene terephthalate) (PET)
foam by coating modified silane solution .The PET
foam was pretreated by NaOH solution for
roughening of the foam surface. Here in, we reported
the superhydrophobic PET foam for environmental
remediation by using solution — immersion method.
The morphology, functional changing, wetting
behavior and oleophilic property of raw PET foam,
alkali pretreated PET foam and modified
superhydrophobic PET foam were studied.

I1. EXPERIMENTAL SET UP
A. Materials

Poly (ethylene terephthalate) foam ,
Tetraethoxysilicate (TEQS) , methyl trimethoxysilane
(MTMS) , isopropyl alcohol , ethanol , sodium
hydroxide , hydrogen peroxide , concentrated
hydrochloric acid , gasoline , lubricating oil, diesel
were used directly. Ultrapure water was used
throughout all the experiments.

B. Preparation of Modified Silane Solution

Modified silane solutions were prepared via
one pot reaction. In a typical solution (1), 1g of
MTMS, 0.7g of TEOS and 14ml of IPA were mixed
in a beaker and stirred for 10minutes in magnetic
stirrer. After that 0.4ml of water and 30upl of
concentrated hydrochloric acid were added to the
mixture solution to adjust pH 4 and then followed by
continuous stirring for 3hours in ambient temperature
.Then the modified silane solution was kept for
several hours for preservation. 2g of MTMS, 1.4g of
TEOS, 0.8ml of ultrapure water and 3g of MTMS ,
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2.1g of TEOS , 1.2ml of ultrapure water were used
for solution (2) and (3) respectively and other
reaction conditions were the same as solution(1).

C. Alkali Treatment of PET Foam

Firstly, 2.9812g of PET foam was washed
by deionized water to remove the impurities and
immersed in sodium hydroxide solution containing
69 of sodium hydroxide and 6g of hydrogen peroxide
in 600ml of water and heated at 90°C for one and half
hours. And then the foams were washed by abundant
distilled water until the pH of the washing solution
got pH7 and , dried in oven at 80°Cfor 1 hours.

D. Coating PET Foam with Modified Silane
Solution

A piece of pretreated PET foam ( 2.5cm x
2.5cm x 1.8cm ) were immersed in original modified
silane solutions and diluted modified silanesolutons
(1), (2) and (3) with the ratio of 1:1,1:2 and 1:3 in
v/v with isopropyl alcohol for 2 hours and the
samples were dried in oven at 150°C for 45 minutes.

E. Characterizaton

The morphological change of fabrics were observed
by using a scanning electron microscope (SEM, Zeiss
Supra VP55, Germany). Chemical changes between
raw PET foam, alkali treated PET foam and

silane coated PET foam were analyzed by Fourier-
transform infrared spectrometer ( FT-IR, FTS-
165,BIO-RAD). Contact angles (CAs) were
measured with 4uL deionized water droplet on a
Goniometer (XGCAMA, Shanghai Xuanyichuangxi
Company) at ambient temperature. At least three
measurements were made within 60s of water droplet
formation on the sample, and the average value was
reported.

I11. RESULTS AND DISCUSSION

A. Coating PET Foam with Modified Silane
Solution

The morphology of raw PET foam,
pretreated PET foam and silane coated PET foam
were investigated by using a scanning electron
microscope (SEM, Zeiss Supra VP55, Germany). . It
can be seen in Fig .1 A, a little impurity was found in
the surface of the raw PET foam .It may be due to
some dust or some crystal of organic compound in
polymerization of PET foam. In order to improve the
compatibility of PET foam with modified silane
solution, the PET foam was treated with NaOH
solutions to generate chemical and morphological
changes in the PET foam. This treatment can
generate chemical and morphological changes in PET
foam [ 11, 12, 13 ]. As shown in Fig. 1 ( B ) ,
morphological changes of pretreated PET foam
roughened the foam surfaces and increasing the
contact area with modified silane solutions .Modified
silane solutions coated to pretreated PET foam

tightly on the foam surface and roughened the foam
surface very much shown in SEM images Fig. 1 (C)
to (F) [14].
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Fig.1 Morphology of PET foam at different steps (A:
Raw PET Foam ; B: Pretreated PET Foam ; C:D: E:
Silane Coated PET Foam ; F: Cross section of Silane
Coated PET Foam
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Fig.3 FT-IR Spectrum of Alkali treated PET Foam

Table.2. FT-IR Absorption Band Assignment of
Alkali treated PET Foam

Band position (cm™)  Assignment

Fig.2 FT — IR Spectrum of Raw PET foam

Table.1. FT-IR Absorption Band Assignment of Raw
PET Foam

2980.34 -aromatic and aliphatic —CH- stretching
1713.16 -C=0- stretching of ester

1505.05 -C=0- asymmetric stretching vibration
1438.51 -C=H stretching vibration of aromatic
1408.45 -C=0- stretching of ester

1370.5 -CH,- wagging

1334.34 -CH,trans wagging

1239.32 -C=0- stretching vibration of ester
1092.54 -CH,asymmetric stretching vibration

1016.02  -anti symmetrical C-O- stretching
878.6  -CHj, rocking
792.55  -out of plane bending of C-C bond

Band position (cm™) Assignment

2980.34  -aromatic and aliphatic —CH- stretching
1712.77 -C=0- stretching of ester

1504.82 -C=0- asymmetric stretching vibration
1432.42 -CH stretching vibration of aromatic
1408.53 -C=0- stretching of ester

1370.97  -CHjytrans wagging

1339.59  -CHjycis wagging

1239.52 -C=0- stretching vibration of ester
1092.36 -CH,asymmetric stretching vibration

1042.34 -anti symmertrical C-O stretching of
ester

1016.48  -in plane bending of C-H

872.02
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Fig.4.FT-IR Spectrum of Silane Coated PET Fibre
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Table.3.FT-IR Absorption Band Assignment of
Silane Coated PET Fibre

Band position (cm™) Assignment

2980.34  -aromatic and aliphatic —-CH- stretching
1718.89  -C=0- stretching of ester
1610.89 - C=C stretching of a,Bunsaturated
ketone
1578.14 -asymmetric -CH,- , stretching
vibration
1505.12  -C=0- asymmetric stretching vibration
1434.12  -C=H stretching vibration of aromatic
1408.58  -C=0- stretching of ester
1370.18  -CH,- wagging
1339.58 - CH,trans wagging
1239.28  -C=0- stretching vibration of ester
1173.94  -Si-C- stretching vibration
1093.30  -CH2asymmetric stretching vibration
1040.41 - CO-O-CO stretching of ester
1016.56  -anti symmetrical C-O- stretching
971.89 -C=C bending of alkene
872.02 -CH, rocking
792.51 -out of plane bending of C-C bond

B. Wetting Behavior of Modified PET Foams

In order to investigate the influence of
concentration of modified silane solutions to wetting
behavior, we prepared three modified silane coated
PET foams with solutions (1), (2) and (3). These
silane coated PET foams were named as P1 , P2 and
P3 according to concentration from dilute to high
respectively and water contact angles were measured
.The datum were shown in Fig 5a .It was found that
P2 has the highest water contact angle with 146 °C .
And then original solutions (1) ,(2) and (3) were
diluted with IPA in volume ratio of 1: 1, 1:2 and 1.3
and coated in alkali treated PET foams and detected
the water contact angles. It was shown in Fig. 5 b.
According to the results of CA, contact angle of the
silane coated PET foam diluted with modified silane
solution (2) in the volume ratio of 1:2 with IPA is
the highest water contact angle about 156 "C .
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Fig.5.(a) CA changes with different types of PET
Fibers( raw PET foam and modified PET foam)
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Fig.5.(b) CA changes with the volume ratio of IPA
solvent with modified silane solutions

C. Hydrophobic and Oleophilic Properties of
Silane Coated PET Foams

The adsorption capability ofsilane coated
PET foams were conducted by using a strip sample
(2.5cm in length, 2.5 cm in width and 1.8 cm in
thickness). The samples were put into contact with
water and a specific liquid for the adsorption within
10 minutes. The adsorption capacity of the silane
coated PET foams were defined by Q, a ratio
between the weight change of the material after
liquid adsorption and the initial weight. Q was
calculated using the equation:

Q = ( Mo — M) / Mg x 100%

whereM; and M, are the weights of the
material before and after the liquid sorption test. In a
typical adsorption experiment, the silane coated PET
foam was put into a specific liquid and suspended for
10 minutes to reach the adsorption equilibrium.
During the weight measurement, the sample was
collected from the liquid using tweezers and led to
the edge of the liquid container to remove the
excessive oil droplet. All adsorption experiments
were conducted two times and an average value were
reported in Table (4, 5) and Fig (5, 6 ).The relation
between absorptivity of probing liquids and density
of raw PET foam and silane coated PET foam were
also investigated and the results were shown in table

(5).
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Table (4) Adsorption Capacity of Water with
Different Types of PET Fibre

Type of Density of Adsorption
Sample Sample Capacity of
Water (%)
( mg/cm?)
Raw PET 16.7 3750.3
P1(1:1) 17.88 632.1
P2(1:2) 215 594.8
P3(1:3) 24.74 632.1
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Fig 6.Adsorption behavior of different samples to

water in air.

Table (5) Adsorption Capacity of Various Oils with
Different Types of PET Foams

Adsorption Capacity (%)
Type of Type of oils
Samples
Lubricat | diesel Gasoline
ing oil
Raw PET | 2385.3 | 1125.86 | 1345.14
P1(1:1) 2989.32 | 2717.15 | 2301.899
P2(1:2) 42329 | 3929.52 | 2668.25
P3(1:3) 2700.22 | 3134.552 | 1929.85
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Fig.7. Adsorption behavior of different samples to oil
in air

Oil absorption capacities of three kinds of
PET foams, under optimal conditions are shown in
Fig. 7.1t can be seen that the adsorption capacity of
oil with Superhydrophobic PET foam P2 (1:2) was
approximately larger than 2 times of raw PET foam
for three types of oils. The absorptivity of water and
oil with raw PET and silane coated PET foams were
concerned with density and viscosity of water and
specific liquids. The absorption capacities of silane
coated PET foam with optimized condition for
lubricating oil, diesel, and gasoline oil were
4232.9%,3929.52%and2668.25 %, respectively. The
reason for this was that the three kinds of oil had
different viscosities. Lubricating oil was high density,
so it was not easy for it to leak out after absorption,
while the viscosity of diesel oil was relatively low,
thus it leaked out easily from foam.

IV. CONCLUSION

In conclusion, we have developed a new
type of PET foam through a simple method using the
poly ethylene foam as starting material. The obtained
superhydrophobic / superoleophilic PET foam can
selectively remove the oil phase from an oil/water
mixture at room temperature.  With such advantages
of good phase-selectivity, the modified PET foam
was demonstrated its remarkable potency as an
effective oil collector in oil spill clean up.
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