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0.6, 0.8 and 1.0 wt%. The prepared ion exchange membranes were characterized
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regarding permeability coefficient, porosity, morphology, ion exchange capacity (IEC),
AT-IR, and fouling analysis. The promising characteristics and outstanding performance
demonstrated by PES membrane incorporated with 0.8 wt%. Via SEM images and AT-
IR spectra, the PES/HAp-0.8 membrane depicted the adequate number, well
distributed and low agglomeration of HAp onto the membrane surface with a strong
attachment. The membrane also demonstrated good ion exchange capacity around
49%. Permeability coefficient for PES/HAp-0.8 membrane was 101.5 L/m2.h with 87.69

% membrane porosity.
Keywords: 0 P ¥
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1. Introduction

Downstream processing is one of the most challenging parts in enzyme and protein production
[1] due to the complicated process, long processing time, and often required high installment of
equipment. Therefore, many researchers seek out a novel and fine method as to solve these issues
and recently, the focus is on the chromatographic membrane [2]. Basically, this unique and fine
technology work by allowing the interested molecule pass through the membrane and trapped
impurities that present in the enzyme solution [3]. The effectiveness of the process is highly depends
on the adsorptive material used and the structural properties of the membrane itself.

One of the most important considerations in developing this finest available technology is the
selection of matrix material for affinity membrane in which larger pores and low fouling
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characteristics of the membrane are required. Recently, many industry application demands to utilize
matrix that is made up from synthetic polymers such as poly (vinylidene fluoride) (PVDF), polysulfone
(PSU), poly(ethersulfone) (PES) or polysaccharide such as cellulose acetate which able to promote a
good separation performance. These polymeric membranes can offer great chemical resistance, high
thermal toleration, less susceptible to biological attack, high recovery and great mechanical strength
[4-6]. For the fabrication of ion exchange membrane, the most crucial part is deciding the functional
groups that will be used as charged exchanger since the ion exchange process will be determined by
the nature of the existing functional group [7]. The adsorbent material must be highly selective so
that it can only bind to target enzyme as to achieve high degree protein purification [8]. The aim of
this technique is not only to specifically bind the target enzyme from its mixture but also to release
and unbound the isolated target in an active form [9].

Recently, researchers have discovered a new and high potential material which is HAp to be used
as an adsorbent for IExM [10]. HAp has good adsorption to protein because of its biocompatibility,
bioactivity, and osteoconductivity [10]. Due to their availability structure, ionic exchange property,
adsorption affinity, and their characteristic to establish bonds with organic molecules of different
sizes have conferred to this material to have high potential to be used as an adsorbent material for
IExM [11]. Natural HAp has recently been extracted from fish scale 12] due to the fact that these
biowaste products contain calcite salt and biologically safe since there is no chemicals are required
and a potentially lucrative process [13].

In this study, the membrane was fabricated by using PES polymeric material with 15 wt%
concentration and casted into a flat sheet by using dry/wet phase technique. Meanwhile, Hap
extracted from fish scale biowaste was prepared by using alkaline heat method with 300 °C
calcination temperature. HAp solution was prepared at five different concentrations and the
membrane was modified by self-assembled technique. The prepared membranes were characterized
in term of permeability coefficient, fouling quantification, membrane porosity, morphology, ion
exchange capacity, the presence of functional group and crystallinity test.

2. Methodology
2.1 Material

Fish scale waste was freshly collected from a local market in Kuala Terengganu province located
at Northeastern Malaysia. The membrane was fabricated by using high-purity grade polymeric
material PES and N-methyl-2-Pyrrolidone (NMP) as a solvent. Acetic acid, Hydrochloric acid, and
sodium hydroxide were used for modification stage. Commercial protease from bacillus was used for
membrane performance evaluation.

2.2 Preparation of HAp/PES lon Exchange Membrane

The fish scale was freshly collected from the market in Kuala Terengganu. Hap was extracted from
fish scale by alkaline heat treatment method followed by a sintering process at 300°C for 1 hour, as
described in the previous study [12]. Fabrication of PES15 membrane and its integration with the
extracted HAp followed the procedure of the previous study [14]. The HAp solutions were prepared
by dissolving HAp in five different concentrations (0.2, 0.4, 0.6, 0.8 and 1.0 mg/mL) in acetic acid at
pH 5. The HAp particles were deposited on the membrane surface and then the hybrid membrane
was dried at room temperature overnight. Next, the dried membrane was neutralized with NaOH
solution followed by rinsing with 50% (v/v) ethanol solution for 3 times. This step also helps to
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remove any NaOH that remained on the IExM. The IExM was stored in the distilled water for
characterization and performance tests.

2.3 Characterization of HAp/PES IExM
2.3.1 Pure water flux and membrane porosity measurement

The flux of IEXM was measured by using dead-end filtration cell with an effective membrane area
of 14.6 cm? and the cell was positioned in a U-shaped configuration. Distilled water was used for pure
water permeation test to obtain pure water permeability and to ensure membrane stability. Distilled
water was drawn through the membrane with compressed nitrogen, controlled in the range 1 to 5
bar. The pure water flux was calculated by using equation 1:

Jw = PmAP (1)

Where, pure water flux Jw is expressed in unit m3/m?s, Pn, is the permeability (m3/m?s .bar) and AP is
the pressure (bars). The porosity of pristine and modified membrane was evaluated by their capacity
for water absorption and calculated using the expression: [15]

Porosity=[((W1-Wz)/dwater)/v]x100 (2)

where W; and W; are the mass of membrane in the wet and dry states, respectively, dwater is the
density of water at 20 °C and V is the volume of the membrane in the wet state.

2.3.2 Membrane morphology inspection

Scanning electron microscopy (SEM) (JSM P/N HP475 model) in Institute of Oceanography,
Universiti Malaysia Terengganu (UMT) was used to inspect the cross-section image of the in-house
fabricated membrane. For this purpose, the membrane samples were fractured in liquid nitrogen
with estimated dimension 2mm x 2mm and sputtered with gold, before transferred to the
microscope.

2.3.3 ATR-FTIR and XRD analysis

The elemental content of modified membranes was also characterized using a wide angle X-ray
diffractometer (XRD) using 18 kW CuKa radiation as described by Hamzah et al., [17]. The voltage
was 45 kV and the intensity 40 mA. The angle of diffraction (26) varied from 0 to 80° to identify any
changes in crystal morphology and intermolecular distances between inter-segmental chains of the
polymer, and the counting time was 1 s at each angle step. For comparison purposes, XRD was
performed on HAp particles, pristine PES membrane, and PES/ HAphybrid membrane. The functional
groups on the membrane surface were determined using Fourier transform infrared spectroscopy
equipped with attenuated total reflection (ATR-FTIR).

2.3.4 Determination of ion exchange capacity

After rinsing in pure water for one day, a membrane sample was soaked in a large volume of 1 N
HCI solution for 1 day to obtain a membrane in the H+ form. The excess HCl in the membrane was
removed by repeated washing with pure water. The membrane in the H+-form was then immersed
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in 1 N NaOH solution at room temperature for 15, 30, 45, 60 and 75 hours. The membrane was then
taken out, and the NaOH solution was titrated with 0.1 N HCl solution with a drop of phenolphthalein
solution (0.1% in ethanol) as a pH indicator. The sample was dried at 50°C under vacuum and
weighed. The IEC (meg/g) was calculated according to the following equation [15]:

IEC=[(VaoH X Nnaor)-(Vici x Nua)l/weight of sample (3)

Where Nnaon and Nucl are the concentrations of the NaOH and HCI solutions, respectively, and Vg
and Vnaon are the volumes of HCl and NaOH solutions, respectively.

2.4 Fouling Quantification

Fouling is the most critical problem during membrane separation process and this resistance
appeared by the formation of cake layer or gel layer on the membrane surface. For fouling
guantification, procedures described by Hamzah et al., [16] have been followed. Pure water
permeation was conducted at a constant pressure of 5 bar. Pure water flux was obtained from the
volume of permeated water within 30 min and calculated as

Jo=Q/(At) (4)

where Jo is pure water flux, Q is the permeate volume, A is membrane area and t is the time. After
water flux measurement (Jo), the solution reservoir was refilled with 0.5 mg mL™! protease solution.
After 30 min filtration, the membrane was cleaned by shaking in pure water for 2 h at 25 °C and then
pure water fluxes (J1) were measured again. By comparing the value of Jo and J1, flux recovery ratio
can be determined by using equation (2)

FRR (%) = (Jo/J1) x 100 (5)
RFR (%) = [1- (Jo/J1)] x 100 (6)

3. Results and Discussion
3.1 Membrane Morphology and Structure

Figure 1 shows the surface morphology of native PES and modified PES with different
concentrations of hydroxyapatite extracted from fish scales.

The least amount of the deposited HAp particles can be observed on both PES/HAp-0.2 and 0.4
IExMs. These membranes were less favored since it only occupied a small number of HAp particles
which in turn would reduce the separation performance of membranes. According to Nagahama et
al., [17], HAp has hydroxyl group which has high tendency and affinity to form hydrogen bonds with
water, consequently, helps to improve the structure and morphology of the IExM. It also promoted
the cake formation and membrane fouling as a longer time is required for the separation process.
PES/HAp-0.6 IExM shows a moderate amount of deposited HAp. However, Figure 2(d) displayed high
agglomeration rate of HAp particles. It was postulated that HAp agglomeration which looks like a
snowflakes will increase the size particles which in turn will reduce the surface area of adsorption
site, therefore diminish the separation rate. The SEM image in Figure 2(e), PES/HAp0.8 shows well
uniform distribution and low agglomeration rate. According to Luo et al., [18], the membrane that
has these morphologies was believed to be suitable membrane for separation with low membrane
fouling.
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Fig.1. Cross Section Morphologies of (a) PES 15, (b) PES/HAp-0.2, (c)
PES/HAp-0.4, (d) PES/HAp-0.6, (e) PES/HAp-0.8, (f) PES/HAp-1.0

Fig. 2 Surface Morphologies of (a) PES 15, (b) PES/HAp-0.2, (c) PES/HAp-0.4, (d) PES/HAp-
0.6, (e) PES/HAp-0.8, (f) PES/HAp-1.0

On the surface of PES/HAp-1.0 IExM, high amount of deposited HAp particles on IExM surface led
to poor performance of the membrane. This finding was in agreement with the permeability result
by pure water flux measurement. According to Swain and Sankar et al., [19], high amount of HAp
blocked the pores of IExM, consequently, this will promote the membrane to foul. It also made the
duration for permeation to occur in much longer time.

3.2 AT-IR and XRD Analyses

The FTIR-ATR technique is widely used to study changes that take place on polymer surfaces
during modification processes. The new bands that detected after membrane modification indicate
the presence of thin layer successfully incorporated on top of the PES membrane. There are three
peaks or bands used to determine the characteristics of IExMs; bands for HAp, PES and new peaks
that indicated incorporation of HAp onto the PES membrane. The spectra of HAp can be revealed
based on the various vibrational modes of hydroxyl groups and phosphates. Bands characteristics to
the phosphate and hydrogen phosphate groups in the apatitic environment were observed either at
557 cm-1, 629 cm-1, 605 cm-1 or 960 cm-1 and bands ranging from 1000—-1100 cm-1 specifically
associated with the PO43- groups. The peak around 875 cm-1 indicated the presence of HPO4 group.
The presence of strong OH- vibration at 3200—3600 cm-1 can be observed for all IExMs. The broad

21



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 17, Issue 1 (2019) 1-12

bands in the regions 1600-1700 cm-1 and correspond to H—O—H bands of water lattice. Asymmetric
and symmetric stretching vibration of CH3 gave their peaks just below 3000 cm-1 while the band
observed between 2942 and 2944 cm-1 corresponds to C-H stretching band. A new peak of
stretching band was observed at 2944 cm-1 when the FHAp was incorporated. This corresponds to
the chemical bond arise from the interactions between HAp particles and PES membrane. The peaks
appeared at 2891, 2737, 2692, 1343 cm-1 are attributed to different vibration modes of C—H bond
of PES. The peaks at 1283 and 1241cm-1 belong to C—C bond.

3.3 XRD Analysis

XRD analysis was used to determine the level of crystallinity of HAp that had been successfully
deposited onto the IExM. The XRD patterns of hybrid IExM with the different concentration of FHSAp
were shown in Figure 4. Based on these five diffraction patterns, there is reflection corresponding to
HAp which indicates that HAp was present on the PES membrane surface. Furthermore, the degree
of the crystallinity of HAp can be directly observed via the XRD spectra. Diffraction peaks in the planes
002, 211, 112 and 300 are high and narrow implying that the HAp crystallizes well.

All the patterns displayed the presence of amorphous phases with several diffraction peaks that
associating the PES membrane. Figure 4a represented XRD spectra for PES/HAp-0.2 IExM, which is
the lowest HAp solution used to modify the PES membrane. From the spectra, it showed low intensity
and short peaks at 22.34° and 37.5°. These intense broad reflection peaks which were just below 20°
were assigned to PES material. It showed the intensity decreased as the HAp content increased. The
XRD spectrum of PES/HAp-0.4 IExM was displayed in the Figure 4b. This spectrum showed some
improvement regarding crystallinity of HAp deposited on the PES membrane when compared with
PES/HAp-0.2 IEXM.

The peaks corresponding to HAp particles were observed at 23.4, 31.9, and 36.3°. The peak
intensity and full width at half maxima (FWHM) increased as the concentration of HAp solution used
increased. This pattern of the peak intensity and FWHM was due to the increasing behavior of
crystallite size of HAp. The amorphous characteristic of the polymer matrix showed decrease trend
as the amount of HAp particles increased. Apparently, it was attributed to the interaction between
the filler and the polymer through weak van der Waals interaction [20].

Figure 4c shows the XRD patterns of the PES/HAp-0.6 IExM. The spectra showed a broad diffusion
diffraction peaks at 23.4, 31.8 and 35.8° which is assigned to the crystallographic plane of HAp
crystallites. This IExM showed some improvement regarding the intensity and sharpness of the
diffraction peaks of FHSAp which indicating the concentration of 0.6 wt% promotes excellence
characteristics for PES membrane. However, the modification does alter the crystal structure of the
HAp when compared with XRD spectra produced by the HAp. For the Figure 4e, the pattern showed
three relative sharp peaks appear at 33.8, 34.7 and 35.1° which are assigned to the (002) and (112)
crystalline planes of HAp crystals respectively. It showed that the crystallinity of the HAp only
decreases slightly Based on the half width of the (112) reflection peak, the average crystallite size of
the HAp crystals on the SFHAp/PES IExM is 23.7 nm, as calculated by the Sherrer equation. XRD
spectra of PES/HAp-1.0 IExM showed a quite promising result. The amorphous phase in the spectra
corresponds to the polymeric material, PES. There are several sharp peaks with high intensities of
isolated diffraction peaks observed in this spectrum. These peaks detected at 21.4, 35.3, 36.1 and
37.4° which are associated with the HAp crystals [21]. However, when compared with the pattern of
pure HAp, these peaks were weaker since HAp particles exhibited highly agglomeration rate which
diminished the Hap crystallinity. Thus, short and weaker peaks formed.
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Fig.3. AT-IR spectra for FHSAp/PES (a) 0.2, (b) 0.4, (c) 0.6, (d) 0.8 and (e) 1.0 IExMs

The spectra for PES/HAp-0.8 displayed a sharp and narrow diffraction peaks which indicate the
excellent crystallinity for the HAp and well-ordered particles. All peaks allocate at standard diffraction
angles for HAp were at 21.7, 35.4, 36.6 and 37.9°. This indicates that the concentration of HAp
enhances the obtained particle crystallinity as deposited on the PES membrane.
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Fig. 4. XRD spectra for PES/FSHAp (a) 0.2, (b) 0.4, (c) 0.6,

(d) 0.8 and (e) 1.0 IExM

3.2 Permeability Coefficient and Porosity of IExM

Pure water flux measurement was conducted to determine the permeability coefficient of the
prepared membrane. Based on Figure 5 and Table 1, PES/HAp0.8 demonstrated the most promising
properties with permeability coefficient and porosity of 101.5 L/m2.h.bar and 87.69% respectively.
By having the sharpest slope among other membranes, this kind of membrane was assumed to have
the best permeability property. This finding was confirmed by the SEM image which showed a
moderate amount of HAp successfully deposited onto PES membrane with low agglomeration rate.
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Fig. 5. Pure water flux of membranes modified with
different FSHAp solution concentration
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PES/HAp1.0 IExM has the highest and densest deposited HAp among all. Consequently, it will
cause the membrane to be thicker. The porosity of membrane also greatly depended on the
membrane thickness [22], as high amount of deposited HAp will also block the pores of a membrane
which will increase the fouling rate. Therefore, PES/HAp-1.0 demonstrated poor performance when
compared with PES/HApO.8.

Table 1
Permeability coefficient, membrane thickness and porosity of hybrid membrane with different
concentrations of FSHAP solution

Membrane ID zz;:;siae?:thty R? Membrane thickness Porosity
(L/m?.h.bar) (mm) (%)
PES/HAp-0.2 71.09 0.999 0.078 67.78
PES/HAp-0.4 77.05 0.999 0.077 80.38
PES/HAp-0.6 86.61 0.999 0.075 87.2
PES/HAp-0.8 101.5 0.999 0.074 87.69
PES/HAp-1.0 93.75 0.999 0.074 87.36

3.5 lon Exchange Capacity

IEC of IExM is directly proportional to the concentration of HAp solution used to modify the IExM.
As the lower the concentration of HAp was used, there was less amount of HAp deposited onto the
membrane surface, consequently, made the HAp tend to leak [23,24]. This can be explained with
respect to decrease in fixed ion concentration with weak control of pathways for ion traffic (the
crystallinity of the HAp itself also contribute major influence on the IEC performance) [25].The
uniform distribution, as well as the homogeneity of functional groups on the membrane surface,
resulted in higher miscibility which can promote the more relative conducting regions and strengthen
the intensity of the uniform electrical field around the membrane [27]. This result will lead to a
decrease in the concentration polarization phenomenon [26]. A high amount of HAp will occupy the
ionic pathways in the membrane matrix so that the space matrix will narrow and become limited
[27]. Figure 6 showed PES/HAp 0.8 demonstrated optimum IEC with 49.44meq/g since it occupied
the suitable amount of HAp which gives it better control on the pathways of ion traffic, thus, improves
the membrane’s IEC.
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Fig. 6. IEC graph for each of the PES and PES/FSHApxxx IEM
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3.6 Fouling Analysis

Due to the different charges, the protease molecule is likely to deposit onto the membrane
surface and creating a cake layer which gives a major resistance for the fluids to pass through the
membrane pores. According to result listed in Table 2, all these membranes demonstrated more than
50 % of flux recovery ratio with the highest relative flux reduction recorded was only 30.7%. This
promising result was caused by the presence of HAp which has OH- groups that help to increase the
hydrophilicity of the membrane, thus mitigating the membrane fouling [26,38].

Table 2
Fouling Analysis Data
Membrane Flux Recover Relative Flux
ID Ratio (%) Reduction (%)
PES/HAp-0.2 69.3 30.7
PES/HAp-0.4 77.2 22.8
PES/HAp-0.6 77.7 22.3
PES/HAp-0.8 83.6 16.2
PES/HAp-1.0 82.3 17.7

The outstanding performance was demonstrated by the PES/HAp0.8 IExM with the highest FRR
83.6% and lowest RFF, 16.2% among others. Via SEM, AT-IR, and XRD, it showed that PES/HApO0.8
have a small size, well distributed and low agglomeration of HAp, high crystallinity and strong
attachment onto PES membrane. These small size particles offer an extremely large surface area for
water adsorption. Despite that, the less packed HAp when compared with HAp/PES 1.0 membrane
deposited on the membrane surface also helps as it provides sufficient pores for solute transmission
[28].

4. Conclusion

Among all fabricated IExMs, PES/HAp0.8 showed the best morphologies and characteristics. This
was confirmed and evidenced via the results; XRD and FT-IR spectra. It indicates that the crystallinity
of the HAp remained and there were peaks corresponding to the bonding of HAp and PES. These
findings supported by the result obtained from performance tests applied in this research; pure water
flux, porosity, swelling effect, IEC, ER, and fouling study. Thus, this study highly recommended using
PES/HApO0.8 IExM for protease separation.
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