J Inno Sci Eng, 2020, 4(1): 35-43
https://doi.org/10.38088/jise. 713852

Research Article

Pervaporative Desalination of Water Using Hydroxypropyl methylcellulose /

Polyvinylpyrrolidone Blend Membranes

Derya UNLU

Bursa Technical University, Department of Chemical Engineering, 16310, Bursa, Turkey

Cite this paper as:

Unlu, D. (2020). Pervaporative
Desalination of Water Using
Hydroxypropyl methyicellulose /

Polyvinylpyrrolidone Blend Membranes.

Journal of Innovative Science and
Engineering. 4(1): 35-43

*Corresponding author: Derya UNLU
E-mail: derya.unlu@btu.edu.tr
Tel: +90 (224) 3003828

Received Date: 03/04/2020
Accepted Date: 20/05/2020

© Copyright 2020 by

Bursa Technical University. Available
online at http://jise.btu.edu.tr/

The works published in Journal of
Innovative Science and Engineering
(JISE) are licensed under a Creative

Commons Attribution-NonCommercial 4.0

International License.

Abstract

The pervaporation is a promising process to achieve highly efficient desalination
performance. In this study, Hydroxypropyl methylcellulose (HPMC) and
Polyvinylpyrrolidone (PVP) polymers were chosen in the synthesis of blend
membranes and used for pervaporative desalination process. The chemical structure
and thermal stability of membranes were analyzed by using Fourier-transform infrared
spectroscopy (FTIR) and Thermogravimetric analysis (TGA), respectively. The
effects of PVP ratio in membrane and operation temperature on the flux and salt
rejection were examined. The highest separation efficiency was acquired as water flux
of 4.86 kg/m?h and a salt rejection of 99.9% using 50 wt% PVP ratio at 40 °C. The
obtained results show that HPMC/PVP blend membrane has a great potential for water

desalination via pervaporation.

Keywords: Desalination, Hydroxypropyl Methylcellulose, Membrane, Pervaporation,

Polyvinylpyrrolidone.
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1. Introduction

Water is one of the most important substances for the sustainability of life on earth. Population growth, industrialization,
urbanization causes a substantial increase in water consumption. To overcome water shortages, studies concentrate to
obtain clean drinking water from saline water and recovery of treated industrial wastewater. Among them, the
obtainment of fresh drinking water from saline water is a rather important application. This process is called as

desalination [1-2].

The desalination processes have been generally conducted by thermal processes or the membrane processes. While Multi
effect distillation (MED), Multi stage flash (MSF) are the thermal processes, Reverse osmosis (RO), Electrodialysis (ED)
are the membrane based separation processes. Thermal processes are required high capital and operation cost. High energy
consumption and high cost are main drawbacks of the thermal processes. The membrane processes are important
alternatives to traditional separation methods for the desalination process. High separation efficiency, low energy
consumption, green operation (without waste), easy installation are significant factors for the choosing of membrane
processes. The most preferred of the membrane processes in desalination are the reverse osmosis and electrodialysis.

Pervaporation is a rather important and innovative membrane process among membrane technologies [3-6].

In pervaporation, membrane permits the diffusion of component which has high solubility and diffusivity on the
membrane surface. The transport in pervaporation occurs by solution-diffusion mechanism. This mass transfer
mechanism comprises of three main stages: (a) sorption of the selective component onto the membrane, (b) diffusion of
the selective component along the membrane, and (c) desorption of the selective component from the permeate side.
The driving force of the pervaporation is vapor pressure difference. This force is created by applying low pressure at the

permeate side while the feed side is under the atmospheric pressure [7-10].

Hydrophilic dense polymeric membranes such as cellulose, poly (vinyl alcohol), chitosan, poly (ether-blockamide), and
sodium alginate are accepted the most suitable materials for the desalination by pervaporation. In spite of the high ion
rejection of these membranes, the permeation flux was rather low and needed to be upgraded the flux value. Recently,
blend membranes draw great interest due to the high hydrophilic features in pervaporation process [2]. In this study,
HPMC and PVP were selected as membrane constituents. In addition, HPMC shows excellent film forming,
biodegradability, and biocompatibility [11]. PVP has amide and carbonyl groups in the structure which are responsible
for the hydrophilic structure of membrane. These groups provide the formation of hydrogen bond between membrane
and water. The addition of PVP reduces the crystallinity degree of the polymeric membrane mixture and increases the
diffusion gaps between the membrane matrix. This situation increases the sorption and diffusion degree and affects the

separation performance [12].

In this study, HPMC/PVP blend membranes were synthesized and characterized by FTIR and TGA. Effects of PVP ratio
in membrane and operation temperature on the separation efficiency were examined on salt rejection ratio and flux value.
This study may contribute beneficial insights to improve high performance HPMC/PVP blend membranes for

desalination via pervaporation.
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2. Materials Methods

2.1. Materials

Hydroxypropyl methyl cellulose (average Mn ~10,000) and Polyvinylpyrrolidone (K30, powder form) were purchased
from Kimetsan and Sigma Aldrich, respectively. Sodium chloride (NaCl) (~99% purity) was obtained from Merck.
Acetone (> 99.0 %), hydrochloric acid (37%) and glutaraldehyde (25% in H.QO) were supplied by Sigma Aldrich.

2.2.Preparation of HPMC/PVP Blend Membrane

The blend membranes were fabricated via solution casting way. The membranes casting solutions were prepared by
solving 10 wt. % total polymers (HPMC and PVP) in water. HPMC/ PVP ratio in membrane solution was changed as
90/10, 70/30 and 50/50 wt.%. The blend polymer solution was stirred to form a uniform solution. The prepared blend
membrane solution was poured on a glass petri dish for drying at room conditions. Finally, the dry membrane was
crosslinked in acetone/water mixture bath (50% v/v) containing the hydrochloric acid (2.5 vol. %) and glutaraldehyde
(2.5 vol. %) for 3 h.

2.3.Characterization of HPMC/PVP Blend Membrane

The chemical structure of membrane and interaction between HPMC and PVP were determined by using FTIR (Thermo
Nicolet 5700 spectrometer). FTIR results were collected within a range of 400-4000 cm™, 4 scans were recorded at 4
cm™! resolutions. The thermal stability of membrane was specified using Mettler Toledo thermal analyzer. The
degradation of membrane by temperature was determined in a heating rate of 10°C/min with the temperature increasing
from 25°C to 600°C.

2.4. Pervaporative Desalination of Water

Water desalination tests were performed in pervaporation system which is represented in Figure 1.
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Figure 1. Pervaporation system: (1) mechanical agitator, (2) oven, (3) membrane chamber, (4) membrane, (5—7) cold traps, (8)

vacuum pump

The blend membrane, with an active surface area of 9.62 cm?, was inserted in the membrane chamber. The synthetic saline
water had been used in desalination experiments. The volume of membrane chamber was filled with NaCl-water solution.
The desalination experiments were performed using fixed concentration of 5 wt.% NaCl. After the feed mixture was send
to the membrane chamber, the solution was mixed continuously with the mechanical mixer to prevent possible mass
transfer problems. The desalination experiments were performed under different temperature conditions (40, 50, 60, 70
°C). The desired temperature was provided by using an oven. Membrane chamber was placed in the oven. Effect of PVP
ratio on separation performance was also investigated in range of 10 wt.% to 50 wt.%. Desalination tests were carried out
for 5 hours. The feed mixture in the membrane chamber was kept at atmospheric pressure and the downstream side of the
membrane chamber was kept at 5 mbar. The permeate fresh water was condensed in cold traps. The permeate stream
samples were taken and analyzed by using the conductivity method. The performance of water desalination tests was

determined by computing of flux and salt rejection. The flux was calculated by Equation 1,
J=— 1)

where J is the flux, m is the permeation mass, t is the time and A is the active surface area of membrane.

The salt rejection is defined by Equation 2:

R = -G x100 )
C;

where Cr and C,, are the feed salt concentration and permeate salt concentration, R is the rejection of salt capacity.
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3. Results and Discussion
3.1. Characterization of membrane

The chemical structure of pristine HPMC polymeric membrane and interaction between HPMC and PVP in blend
membrane were determined by FTIR. The FTIR results of pristine HPMC membrane and blend HPMC/PVP membrane

can be seen in Figure 2.
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Figure 2. FTIR spectra of (a) Pristine HPMC membrane (b) HPMC/PVP blend membrane

The hydroxyl group in HPMC was observed in 3395.19 cm™. The bands between 2940 and 2900 cm™ could be attributed
to the typical peaks of CH, or CHs groups in HPMC. A band appearing at 1645 cm™ corresponds to C=0O groups of
HPMC membrane [13]. The difference among the pristine HPMC membrane and blend membrane curves in Figure 2
was related to the interaction between the polymers. Therefore, a little shifting of the peak at 3403.68 cm™ was observed
in the transmission band of the HPMC/PVP blend membranes compared to the pristine HPMC membrane. The hydroxyl
bands shifted to a lower wave number with the addition of PVVP due to the strong hydrogen bindings between -OH groups
of HPMC and C=0 groups of PVP [14].

The thermogravimetric analysis curve HPMC/PVP blend membrane is indicated in Figure 3. HPMC/PVP blend membrane
had two decomposition stages in mass loss curves. The first stage due to the evaporation of absorbed water from
membrane structure was observed in the temperature range of 25-150°C. The second decomposition between temperature
values of 300-450°C could be explained with the HPMC and PVP degradation. The melting point of HPMC was this
temperature range. After the degradation of HPMC, PVP started the chemical decomposition in this temperature range.
However, these degradation temperatures were rather higher than the process temperature in this study. Therefore, it has
been found that the HPMC/PVP blend membrane is durable to operation temperatures for the pervaporative desalination
process [15].
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Figure 3. TGA curve of HPMC/PVP blend membrane

3.2. Desalination Results

Bending of polymer in synthesis of membrane is an efficient method for improving separation performance of membranes.
For this purpose, to obtainment of high separation efficiency, PVP was added to the HPMC membranes. Figure 4 displays
the influence of PVP ratio on the permeation flux and salt rejection. The influence of PVP ratio on separation efficiency

of membrane was examined in the water-NaCl mixture containing 5 wt.% NaCl at 40°C.
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Figure 4. Effect of PVP ratio on flux and salt rejection

As it can be seen in Figure 4, the high PVP loading ratio is resulted in increment of permeation flux and salt rejection.
The addition of PVP in HPMC significantly improved the hydrophilic feature of the membranes due to the strong polarity
and hydrophilic properties of PVP. The interaction of between membrane and water increased and more hydrogen bonding
formed. The affinity of membrane to water increased accordingly the sorption of water by the membrane increased [12,
16]. Consequently, both permeation flux and salt rejection were improved with the addition of PVP. The highest
permeation flux and salt rejection values were acquired while the 50 wt.% PVP loaded membrane was used. PP addition
ratio was raised from 10 wt.% to 50 wt.%, the salt rejection of the mixed matrix membrane and flux value increased from
99.71 % to 99.9% and 2.85 kg/m?h to 4.86 kg/m?h, respectively.
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The operation temperature performs a key function in the pervaporation. Temperature affects the solubility and diffusivity
of components within the membrane. Thereby it considerably influences the separation efficiency of membranes. The
influence of operation temperature on the separation efficiency is shown in Figure 5 for the PVP ratio in the membrane
of 50 wt.%. As the temperature raised from 40 °C to 70 °C, the permeation fluxes increased, but the salt rejection was not
significantly influenced by the temperature change, only a small fall was observed. The temperature rise increased the
frequency and flexibility of the polymer chains. This flexibility causes expanded diffusion pathway within the membrane
structure, resulting in easy transport of water along the membrane. In addition, the vapor pressure of feed side increased
with temperature. However, the permeate side was not influenced by the temperature increment. This pressure differences
were resulted in increment of the driving force. This accelerated the diffusion of water and led to high permeation flux
[12, 16-17]. While the flux increased from 4.86 kg/m*h to 5.87 kg/m?h, the salt rejection decreased from 99.9 to 99.18

with an increase in the temperature from 40°C to 70 °C.
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Figure 5. Effect of temperature on flux and salt rejection

5. Conclusion

The blend membranes were prepared by mixing HPMC with Polyvinylpyrrolidone. The chemical structure of pristine
HPMC membrane and interaction between HPMC and PVP polymers were revealed by FTIR. TGA results showed that
HPMC/PVP blend membrane had sufficient thermal stability for pervaporative desalination process. The HPMC/PVP
blend membrane showed good performance in pervaporative desalination. The addition of PVP in HPMC membrane
had increased the hydrophilicity of the membranes and the permeation flux. As the PVP ratio in blend membranes
increased from 0 to 50 wt.%, the permeation flux increased, but the salt rejection was not affected by this situation. Of
all the prepared blend membranes, 50 wt.% PVP content blend membrane was exhibited the best separation performance.
The optimum process temperature was determined as 40°C, because salt rejection value decreased a little at the higher
temperatures than the 40°C. The highest salt rejection and the permeate flux were 99.9% about and 4.86 kg/(m?h) (40-C,
50 wt.% PVP ratio), respectively. The acquired results also showed that the HPMC/PVP blend membrane had excellent

desalination performances by pervaporation.
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