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Abstract

The need to separate acetone from waste water of industrial units such as dyeing, ink

production, glazing, etc. has encouraged researchers to propose various separation methods for
this purpose. Among different separation techniques, the pervaporation has been considered as a
promising one due to its low energy consumption, operational simplicity and environmental
compatibility. In this paper, the removal of acetone from water solution using the prepared
polydimethylsiloxane/PEBAX/titania nanocomposite membrane by the pervaporation method
has been investigated. After the fabrication of the membranes, they were characterized by
various analyses including scanning electron microscopy, Fourier-transform infrared
spectroscopy, X-ray diffraction, thermal gravimetric analysis, and contact angle to study
morphology, chemical bonds changes, crystalline structure, thermal resistance, and
hydrophobicity feature of the resultant membranes, respectively. Designing the experiments by
Taguchi technique, the effect of three variables: feed concentration (4, 8 and 12 wt.%), titania
nanoparticles content (0.0, 0.75 and 1.5 wt.%), and operating temperature (27, 37 and 47 °C) on
the separation efficiency of acetone from water was surveyed. The characterization membranes’
results are indicative of a proper distribution of the nanoparticles in the membranes matrices,
dense structure of the membranes, the existence of expected functional groups in the
membranes, as well as the increased hydrophobicity of the membranes. The FTIR outcomes
confirm the presence of PEBAX, polydimethylsiloxane, along with the titania nanoparticles in
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the fabricated membranes. Besides, the semi-crystalline structure of the membranes which is
affirmed by the XRD analysis exhibits the existed crystalline and amorphous parts in their
bodies. The SEM photos displays PEBAX-based selective layer with its defect free and dense
structure, along with the polydimethylsiloxane-based support layer containing the titania
nanoparticles. The obtained results of this study indicated that with raising the titania
nanoparticles loading, the separation efficiency of acetone from the water solution firstly
increased due to the improved hydrophobicity of the membranes resulting from the well-
dispersed titania nanoparticles and then decreased because of the aggregated nanofillers.
Moreover, the results exhibited that there is a direct relation between the acetone concentration
in feed and the acetone separation efficiency. It was also shown that the as the operating
temperature is enhanced from 27 to 37 °C, the separation efficiency increases remarkably, while
it does not change significantly at the temperature more than 37 °C. The pervaporation
experiments revealed the maximum acetone/water separation efficiency of 90.11% for the
membrane embedded with 0.75 wt. % of the titania nanoparticles at 37 °C and 12 wt. % of feed
concentration.

Keywords: Polydimethylsiloxane, PEBAX, Titania Nanoparticles, Acetone, Pervaporation.
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Fig. 2. FTIR spectrum of polydimethylsiloxane/PEBAX
composite membrane without titania nanoparticles
loading
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Fig. 3. FTIR spectrum of polydimethylsiloxane
composite membrane with 0.75 wt.% of titania
nanoparticles loading
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Fig. 6. SEM photo, a) The surface of the membrane without nanoparticles. b) Cross section of composite membrane,
¢) Cross section of the first layer of the membrane with 0.75 wt.% of titania nanoparticles loading,
d) Cross section of the first layer of the membrane with 1.5 wt.% of titania nanoparticles loading
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membranes containing 0.75 wt.% of the nanoparticles, ¢) Acetone droplet on the membrane without the nanoparticles,
d) Acetone droplet on the membrane containing 0.75 wt.% of the nanoparticles
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Table 2. Results of the contact angle of water droplets
and acetone with the membrane

Image Right angle left angle Average
number
A Angle 90.55 Angle 84.13 87.34
B Angle 91.09 Angle 98091 95.00
C Angle 46.32 Angle 47.30 46.81
D Angle 34.73  Angle 29.86 32.29
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Table 3. Acetone separation efficiency (%) under experimental design conditions

Feed Acetone
Experiment Titania nanoparticles loading (wt. %) Temperature (°C) concentration separation
(wt.%) efficiency (%)
1 0 27 0 73.24
2 0 37 0 79.35
3 0 47 0 82.00
4 0.75 27 0.75 80.07
5 0.75 37 0.75 90.11
6 0.75 47 0.75 82.40
7 1.5 27 1.5 84.82
8 1.5 27 1.5 82.01
9 1.5 27 1.5 89.00
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Fig. 10. Effect of nanoparticle content on acetone
removal efficiency (%)
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Fig. 12. Diagram of the effect of % feed on acetone
removal efficiency (%)
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Fig. 11. The effect of temperature on acetone removal
efficiency (%)
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Table 4. Comparison of existing membrane performance with other membranes reported for acetone separation

Feed Temperature Separation
MO ERE percentage (&9) efficiency (%) LG B
72 Shin et al.,
PDMS & SDS 2 37 77 2015
Zhang et al.,
PDMS 4 27 81 2016
Merve
(PVA-g AUHEMA) 20 40 84.5 Olukman et
al., 2021
PDMS/Pbax/Titania 12 37 90.11 This study
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