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Abstract

In this study, biocompatible composite membranes of sodium alginate/hydroxypropyl
methylcellulose (NaAlg/HPMC) based on nano-titanium dioxide (n-TiO2) were prepared.
Regarding the preparation processes of these membranes, the amount of citric acid [5%, 15%,
30% (w/w)] added to the NaAlg/HPMC blend, the crosslinker type (glutaraldehyde,
acetone/water with glutaraldehyde, CaCly), and the amount of n-TiO2 [5%, 15%, 20% (w/w)]
were studied and optimum conditions were determined. When the equilibrium swelling values
were examined, it was observed that the one with the least swelling was the CaCl; crosslinked
membrane. Fourier Transform Infrared (FTIR) Spectroscopy, Differential Scanning
Calorimetry (DSC), and Scanning Electron Microscopy (SEM) were used to characterize the
modified crosslinked membranes. The FTIR analysis results showed the formation of hydrogen
bonds between the hydroxyl groups of the HPMC and NaAlg polymer chains. The DSC analysis
showed the existence of single glass transition temperature (Tg) which indicated the
compatibility and physical interaction between the NaAlg and HPMC polymer chains for

NaAlg / HPMC mixtures.

Keywords:  sodium alginate,
nanocomposite membrane

1. INTRODUCTION

Today, biodegradable polymers are used
especially in shopping bags, food packaging
products, agricultural films, and medical
instruments. The area, tension, and morphology
of the surface of a material are extremely
important in terms of biodegradation and
colonization of microorganisms on the polymer
surface [1]. Different structures can be created
using natural-built reinforcement elements based
on lignocellulose (starch, wheat stalks, rice
halves, cellulose fibers) to meet specific criteria

* Corresponding author: gtaskin@cumhuriyet.edu.tr

hydroxypropylmethylcellulose,

nanoparticle  TiOy,

for polymers, to improve mechanical properties,
and to cut prices [2]. In general, blend mixtures,
which are prepared using the molecular hydrogen
bonds formed by two or more polymers, are used
in this regard [3]. Petroleum derivatives-polymers
are dominantly used in the production of large
quantities of plastics worldwide. Because these
plastics are not biodegradable, they cause serious
environmental problems such as soil poisoning,
toxic gases emitted during incineration in
landfills. Today, the increase in the use of
petroleum-derivative synthetic polymers such as
polyethylene  (PE),  polypropylene  (PP),
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polystyrene (PS), which are not biodegradable,
causes environmental pollution. Therefore, the
importance of using biodegradable polymers is
increasing day by day.

NaAlg, a biocompatible polymer with good film-
forming ability, is used in biomedical applications
such as drug release, cell encapsulation systems,
tissue and organ regeneration [4-7]. HPMC, a
hydrophilic and biocompatible polymer, is widely
used in many fields such as drug release, building
materials, adhesives, cosmetics, agriculture, and
textile [8]. It is a potential polymer used in
biomedical applications thanks to its excellent
bioavailability and very low toxicity. In the
literature, NaAlg and HPMC are generally
available in the form of hydrogels, tablets, and
matrix systems. Mujtaba and Kohli [9] prepared
matrix tablets based on HPMC and NaAlg and
examined the release of cefpodoxime. Okeke and
Boateng [10] examined the development of
tablets and films prepared from HPMC and
NaAlg as a mucosadive system on the buccal
mucosa for nicotine treatment. Yadava et al. [11]
analyzed in vitro diclofenac sodium with gel
beads prepared with NaAlg/HPMC/liquid
paraffin.

Besides the advantages of biocompatible
polymers, they also have some disadvantages
such as low mechanical and thermal properties.
Recently, polymer nanocomposite technology is
used to eliminate these disadvantages of
biocompatible polymers [12]. For this purpose,
biocompatible nanocomposite polymers are
prepared using nanoparticles such as organic and
inorganic nanoclay, silicate, TiO2, and graphene
[13]. Kim et al. reported that the mechanical and
thermal properties of biodegradable
nanocomposite polymers were improved by using
graphene nanoparticles [14]. Yun et al. used
Chitosan, PVA, and TiO2 nanoparticles to prepare
a nanocomposite film and examined their effects
on mechanical and thermal properties [13]. In
their study, Isik et al. entrapped commercially
obtained ZnO and TiO2 nanoparticles in calcium
alginate beads and carried out adsorption and
photochemical experiments to decolorize
Reactive Red 180 [15]. Thomas et al. studied the
photocatalytic performance of the

Sakarya University Journal of Science 25(6), 1376-1385, 2021

nanocomposites they synthesized in Sr* ion
crosslinked alginate/carboxymethyl cellulose gels
using TiO and graphene nanoparticles [16]. TiO2
is a nanomaterial of great interest for reasons such
as lower costs, high photocatalytic performance,
high chemical stability, non-toxicity, and
biocompatibility [17-19]. Various polymer/ TiO;
nanocomposite structures are also available in the
literature [20,21].

Chemical cross-linking in the preparation of
polymeric materials can affect some properties of
polymeric materials such as swelling, drug
release, permeability, and chemical stability.
Different cross-linking agents are needed to
understand the interactions between membrane
material and cross-linking agents. For example,
glutaraldehyde, epichlorohydrin, Ca*? ions, citric
acid, sodium benzoate, boric acid are used as
cross-linking agent in typical cross-linking
method [22]. The cross-linking improves
performance and resistance of biopolymer films.

In this study, the nanocomposite membranes
produced from NaAlg and HPMC biocompatible
polymers were prepared using n-TiO:
nanoparticles. Membranes with high mechanical
strength have been prepared by using various
types of crosslinkers. Depending on their
morphological properties, biocompatible
membranes have been obtained that can be an
alternative in medicine and drug release studies.
The hydrophilicity and water absorption
tendencies of the membranes were determined by
swelling studies. The prepared membranes were
characterized by Fourier Transform Infrared
(FTIR) Spectroscopy, Differential Scanning
Calorimetry (DSC), and Scanning Electron
Microscopy (SEM).

2. EXPERIMENTAL
2.1. Materials

Sodium alginate (NaAlg), glutaraldehyde (GA),
hydroxypropyl methylcellulose (HPMC), and
titanium di oxide (TiO2) (<100nm particle size)
were purchased from Sigma-Aldrich (Germany).
Calcium chloride (CaCl) and citric acid (CA)
were all supplied from Merck (Germany).
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Hydrochloric acid (HCI) and acetone were
provided by Merck (Germany).

2.2. Membrane Formation

Prepared by casting method, NaAlg-HPMC and
NaAlg-HPMC -TiO. composite membranes were
dried at 40 °C for 24 hours. For crosslinked
process, membranes were immersed in the
crosslinking solution for 24 h.

2.3. Techniques Used in The Characterization
of Membranes

2.3.1. FTIR Analysis of Membranes

The prepared NaAlg, HPMC, NaAlg/HPMC/CA-
30, and NaAlg/HPMC/CA-30/Ti02-20
membranes were characterized by FTIR
spectroscopy. Measurements were performed
using a spectrophotometer (Bruker Mode: Tensor
I1) with potassium chloride pellets.

2.3.2. DSC Analysis of Membranes

DSC analysis of the prepared membranes was
performed by DSC Q2000 VV24.11 Build 124.

2.3.3. Scanning Electron Microscope (SEM)

For SEM analysis, the dried crosslinked
membranes were sputtered with gold in vacuum
and then observed under a microscope (TESCAN
MIRA3 XMU).

2.4. Determination of Swelling Percentages of
Prepared Membranes

The swelling values in water were examined to
determine the water absorption tendencies of the
crosslinked membranes. The membranes were
immersed in water for 24 hours at room
temperature. The residual liquid was removed
from the swollen membranes and then weighed,
dried in an oven and weighed again. Swelling
degree percentages (SD%) of the membranes
were calculated using Equation (1).
ww-wd

SD%="2""2 4100 1)
wd
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where, Wy and Wq are the wet and dry masses of
the membranes, respectively.

3. RESULTS AND DISCUSSION

3.1. Optimum Conditions for The Preparation
of Membranes

Prepared membranes from a blend of nanoparticle
added HPMC and NaAlg polymers and the effect
of crosslinker type on the membrane properties
have not been tested before this. Table 1
summarizes some the work done so far.

Table 1 Studies of NaAlg, HPMC and TiO; in the

literature

Formulati Polymer Crossli  Purpose Ref.

on nking
Composite  NaAlg-  Ca*? Drug [23]
hydrogel HPMC ions release
Emulsified Sodium  Ca*? Drug [11]
gel beads alginate/  and release

HPMC/  Zn*

liquid ions

paraffin
In situ NaAlg-  Ca' Ophthalmi  [24]
gelling HPMC ions c delivery

system

Matrix NaAlg- magnes Drug [25]
tablet HPMC- ium release

microcry  stearate

stalline

cellulose
Hydrogel  NaAlg-  Ca® Drug [7]
beads HPMC ions release
Filmsand  NaAlg- - The buccal [10]
wafers HPMC delivery

nicotine.

Film HPMC- - Active [26]

TiO,- packaging

bovine in the food

bone industry

collagen

Hydrogel NaAlg- Ca*? Photodegra  [27]
PUTIO, ions dation
activity
Membrane  NaAlg- water/a  Pervaporat [28]
TiO, cetone  ion
(30:70)
2.5ml
GA,
2.5ml
~HCI
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In this study, HPMC and NaAlg blend aqueous
solutions were first prepared in 1:1(w/w) ratio
with citric acid (CA). Different amounts of CA (5,
15, and 30 mass % on the weight of HPMC) were
added in the polymer blend solution. These blend
solutions were designated as NaAlg/HPMC/CA-
5; NaAlg/HPMC/CA-15; and NaAlg/HPMC/CA-
30, respectively. The CA added to the polymer
solution was used to facilitate crosslinking of
HPMC [29]. The possible cross-linking
mechanism was given in Figure 1. Predetermined
amount of blend solution was cast onto glass
plates and left for drying at 40 °C for 24 hours
(Figure 2). The crosslinked membranes were
prepared by immersing the dried membranes in
crosslinking solution for 24 h. Then finally they
were washed with distilled water and dried.

- CH; CH

~ 0
CH.0
CH.0 Y

( OH \
Y H H " 00 0 0 H
HO A s H

HO
) ol HO HO OH °
“Ha H
CH H cut

"H-O)
Y CH-OH
CH, CHs
i
/
(

Citrie Acid Drying at 40°C for 24 hours  Crosslinking for 24 hours

Figure 2 Preparation of NaAlg and HPMC blend
solution and membranes

Secondly, nanocomposite  solutions  were
prepared by adding n-TiO2 (5,15 and 20 mass %)
in NaAlg/HPMC blend solutions including citric
acid (30 mass %). These solutions were coded
NaAlg/HPMC/CA-30/TiO2-5, NaAlg/ HPMC/
CA-30/ TiO.-15, and NaAlg/HPMC/CA-

Sakarya University Journal of Science 25(6), 1376-1385, 2021

30/Ti0O2-20, respectively. Predetermined amount
of nanocomposite blend solution was cast onto
glass plates and left for drying at 40 °C for 24
hours (Figure 3). The crosslinked nanocomposite
membranes were prepared by immersing the dried
membranes in crosslinking solution for 24 h. Then
finally they were washed with distilled water and
dried.

b
o |

% e e
w2t pr—— oS-
Citric acid Tio2

Drying at 400C for 24 hours  Crosslinking for 24 hours

Figure 3 Preparation of NaAlg / HPMC / CA-30/TiO;
nanocomposite polymer solution and membranes

R
k.

Figure 4 NaAlg / HPMC / CA-30/ TiO;
nanocomposite membrane

As seen in Figure 4, a homogeneous membrane
was obtained. The membranes obtained were hard
but not fragile and easily degradable. They were
durable enough to be an alternative especially in
transdermal drug systems.

3.2. Effect of Crosslinker Type on The
Membrane Morphology

Water-soluble polymers are crosslinked with the
help of some crosslinking agents. Crosslinked
hydrophilic polymers are especially used for
controlled-release preparations. Cross-linking is
carried out using heat or chemical binding agents
such as glutaraldehyde, formaldehyde, and diacid
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chloride. Heat denaturation is not suitable for
heat-resistant substances. The type of cross-
linking agent and the duration of cross-linking are
important for the mechanical strength of
polymeric materials used in drug release studies
[22].

The effect of the cross-linking agent on the
strength and morphology of the membranes was
investigated by changing the crosslinking type
(CaCl, solution, glutaraldehyde (GA) solution,
and acetone/water solution containing 2.5 mL GA
and 2.5 mL HCI). The possible cross-linking
mechanism was given in the Figures 5 and 6.

Figure 5 Crosslinking of NaAlg with CaCl; [30]

Calcium ions bind to carboxyl and hydroxyl
groups in the alginate solution.

OCH H,0CH

ﬁ<}r '_./|\|\"\]<?”_I>L >

OCH , CHCH OCH,CHCH.

| (

(CHy)3

[
CH

H H
2 4 H
o ( o0 0N
oH OH COONa
H
\170 NaAlg
H n

H H

Figure 6 Crosslinking of NaAlg/HPMC blend with
GA [31,32]

L ) HPMC

Tt
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3.3. Membrane Characterization
3.3.1. FTIR Studies

Figure 7 showed the FTIR spectra of the NaAlg,
HPMC, NaAlg/HPMC/CA-30, and
NaAlg/HPMC/ CA-30/TiO.-20 membranes,
which were uncrosslinked by CaCl,, GA, and
acetone/water solution.

4$7.83 2931.63

216501 A (\[V

Transmittance

2204 160823 [| 141474
\ |

Wavenum! bers (cm-1)
Figure 7 FTIR spectra of membranes [(a) HPMC (b)
NaAlg (c) NaAlg/HPMC/CA-30 (d) NaAlg/HPMC/
CA-30/Ti0,-20]

The spectrum of the HPMC membrane (Figure
7a) showed peaks at around 3457.53 cm™ wide
band —OH stretching, 2931.63 cm™ band —CH
stretching, 1068.31 cm™ band —CO stretching, and
1456 cm™ band CHs; asymmetric bending
vibration [33]. The spectrum of NaAlg (Fig.7b)
showed peaks at around 2933.58, 1608.23,
1414.74 and 3420.34 cm™® indicating the
stretching vibrations of aliphatic C-H, COO—
(asymmetric), COO— (symmetric), and -OH,
respectively  [34].  The  spectrum of
NaAlg/HPMC-30 (Fig.7d) showed peaks at
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around 3457.80, 1607.79 and 1413.04 cm™
indicating the stretching vibrations of -OH,
COO—- (asymmetric), COO— (symmetric),
respectively. The change in these wave values
indicates that the intermolecular hydrogen bonds
in NaAlg and HPMC blend are formed [33,34].
Furthermore, the presence stretching of carbonyl
in the 1723.12cm™ band (C=0) is thought to
result from the esterification of hydroxyl groups
of HPMC with carboxylic acid groups of citric
acids [35]. There is a strong shift in -OH stresses
with the addition of TiO». This can be attributed
to the occurring of hydrogen bond between the n-
TiO2 and polymer molecules [16].

3.3.2. DSC Studies

DSC results of uncrosslinked membranes using
CaCl,, GA, and acetone/water solution were
given in Figure 8. HPMC showed a wider
endothermic peak due to its more amorphous
structure than NaAlg. In the NaAlg/HPMC/CA-
30 blend, the expansion of the endothermic peak
can be attributed to the polymers’ having a
different degree of crystallization, as well as the
polymer —polymer interaction.

The most important factor that determines
whether a polymer will crystallize is its geometric
structure or chain configuration. NaAlg contains
at least three different polymer segments (poly(b-
D-mannopyranosyluro-nate), poly(a-L-
guluopyranosyluronate), and segments with
alternative sugar units. Due to these segment
shapes, it has very a weak and small melting peak
at 201.15 °C. In the NaAlg/HPMC blend, the
decrease in this melting peak can be attributed to
the rigid molecular chain of NaAlg, which affects
the overall chain mobility in the blend and crystal
growth rate [34].

The reason why a single Tg was observed in the
Figure 8 (c and d) may be due to the miscibility of
NaAlg and HPMC with TiOs.

Sakarya University Journal of Science 25(6), 1376-1385, 2021

Heat Flow

Temperature (0C)

Figure 8 DSC results of membranes [(A) HPMC, (B)
NaAlg, (C) NaAlg/HPMC/CA-30, (D)
NaAlg/HPMC/CA-30/TiO»-20]

3.3.3. SEM Studies

In order to investigate the surface morphology of
the crosslinked NaAlg/HPMC/CA-30 and
NaAlg/HPMC/ CA-30/TiO2-20 membranes,
SEM micrographs were taken and given in the
Figures 9 and 10, respectively. Significant
morphological differences were observed in SEM
images of the membranes depending on the
crosslinker used. The surface of the membranes
crosslinked with CaCl, was rough and spongy,
while those crosslinked with GA and
acetone/water solution had a non-porous and
smoother  structure.  This  morphological

difference can be attributed to the tighter
crosslinking of CaCl; (crosslinker) membranes.

Figure 9 SEM micrographs of NaAlg/HPMC/CA-30
membranes crosslinked with (a) CaCl,, (b) GA, and
(c) acetone/water solution

The morphology of NaAlg/HPMC/CA-30
membranes changed depending on the amount of
TiO> present in the polymer matrix. As can be
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seen in the images, there are many aggregates or
particles dispersed on the top surface, showing
that TiO- particles tend to form aggregates and are
dispersed into the polymer blend matrix [36]. In
Figure 10, the aggregation of n-TiO, particles was
attributed to the tendency of nanoparticles to form
aggregates due to their high surface energy [37].

Figure 10 SEM micrographs of NaAlg/HPMC/CA-
30/Ti02-20 membranes crosslinked with (a) CaCly,
(b) GA, and (c) acetone/water solution

3.3.4. Swelling Measurements

The results of swelling experiments for
crosslinked NaAlg/HPMC membranes were
shown in the Tables 2 and 3. CaCl, solution,
glutaraldehyde (GA) solution, and acetone/water
solution containing 2.5 mL GA and 2.5 mL HCI
were used as crosslinker. Swelling rates were
calculated by averaging at least 5 trials.

Table 2 shows that the membranes crosslinked
with CaCl have fewer swelling percentages than
the membranes crosslinked with other solutions.
This can be attributed to the increase in crosslink
density and the formation of a more frequent
network structure in the membranes. High cross-
linking causes a low swelling percentage [38].

Table 2 Swelling percentages of NaAlg/HPMC/ CA
membranes

MEMBRANE CaCly, Acetone/Water GA
NaAlg/HPMC/CA-  210.5 391.8 401.7
5

NaAlg/HPMC/CA 230.0 239.1 342.3
-15

NaAlg/HPMC/CA 171.1 415.5 458.9
-30

The addition of TiO> to the polymer matrix not
only increased the interaction between hydroxyl
groups on the polymer chains, but also reduced
the hydrogen bonding effect between the polymer

Sakarya University Journal of Science 25(6), 1376-1385, 2021

chains. Therefore, the decrease in SD is due to the
good dispersion of TiO, polymers.

Table 3 Swelling percentages of NaAlg/HPMC/ CA-
30/ TiO; membranes

Membrane CaCly Acetone/Water GA
NaAlg/HPMC/CA-  208.1 345.9 387.8
30/ TiOz-5

NaAlg/HPMC/ 202.5 227.7 334.6
CA-30/ TiO,-15

NaAlg/HPMC/ 139.4 403.4 448.6

CA-30/ TiO,-20

4. CONCLUSION

Nanocomposite  films  were  successfully
synthesized from NaAlg, HPMC, and TiO;
nanoparticles using the solutions of CaCl,, GA,
and acetone/water with GA as a crosslinker. The
prepared membranes were characterized by FTIR,
DSC, and SEM. The FTIR results showed strong
hydrogen bonds between polymer and
nanoparticle. In the DSC results, single Tg
temperature showed strong polymer-polymer and
polymer-TiO2 interactions and the blend was
miscible. SEM micrographs showed that TiO:
was evenly dispersed in the NaAlg/HPMC blend.
The biocompatible nanocomposite films prepared
in this study have qualities that can be an
alternative to other films used in the field of
medicine.
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