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This study was aimed to produce a novel nanocomposite with appropriate properties to apply in biomedical
researches. MgO was used as a control sample in the experiments. A series of Mg;.xZn,O nanoparticles with x =
0.01 and 0.03, were prepared by the sol-gel method and added to k-carrageenan/NaCMC to produce MgO,
Mgo.99Zn0 010, and Mgp 97Zng 030/k-carrageenan/NaCMC hydrogels. The structural properties were systemati-
cally investigated using X-ray diffraction (XRD), Swelling ratio %, Fourier-transform infrared spectroscopy
(FTIR), Field Emission Scanning Electron Microscope (FESEM), Thermal Gravimetric Analysis (TGA), and
Compression test. The FESEM analysis showed that the doping of ‘Zn’ in MgO had a strong effect on morphology
and crystallinity of MgO nanoparticles. The MgO nanocomposite had the lowest swelling ratio. The swelling
started to increase at 3.37+0.95% and was found to finish at 3.81+0.26%, including a peak at 22.14+6.76% in the
graph. The highest swelling ratio was attributed to Mgp.99Zng 010 with the final ratio of 44.15+1.98%. The TGA
analysis revealed that total weight loss of MgOnanocomposite wasgreater than Mgg99Zng 10, and
Mgo.97Zn¢ 030. The compression test of the nanocomposites showed that the hardness of MgO nanocomposite
was the highest and it was 89.75+9.19 (g), the springiness of Mg 99Zn 010 and Mgy 97Zng 030 was the same and
it was 10 (mm), the adhesion of Mgp.97Zng 030 showed-0.848+0.29 that was highest, however the consistency of
Mgo.99Zng,010 showed 392.90+3.48 (g. sec).

1. Introduction Among inorganic materials, metal oxides such as MgO are stable

under harsh process conditions and are known to be essential minerals

Bio nanocomposites are a combination of inorganic materials and
biopolymers, mostly metals such as SiOj, silver, TiO, and ZnO in nano-
dimensions [1]. Some of their characteristics include high thermal
resistance, high mechanical strength, and low permeability against
water vapor and gases [2]. The reason to select ZnO among different
nanoparticles ZnO is its environment-friendly, antibacterial, non-toxic,
inexpensive, and without harmful impacts on the body cells [3]. The
doping of Mg into ZnO particles could improve their preferential
orientation growth [4]. Usually, high heat treatment temperature leads
to large crystallite size and good preferential orientation meanwhile, a
low temperature favors small crystallite size [5].
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for human health [6]. MgO nanoparticles are well known for their
biological applications which are beneficial depending on its size,
composition, concentration, exposure time and nature of the biological
properties. MgO indexed as one of the six magnesium compounds which
are currently recognized as safe by the U. S [7] and Food and Drug
Administration (21CFR184.1431) [8].The results indicated that the low
concentration of MgO nanoparticles (below 200 g/ml) exhibited
non-cytotoxicity. However, once the concentration of MgO nano-
particles was higher than 500 g/ml, the relative growth rate was lower
than the control [9].

Among biopolymers, kappa-carrageenan is available naturally which
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Table 1
Calculation to prepare 2 gr Nanoparticle.

Sample Mg (NO3),.6H,0 (g) Zn (NO3),.6H50 (g)
MgZnO nanoparticles 12.72488 0

Mgo.99Z1¢,01O nanoparticles 12.67406 0.148537
Mgo.97Z1,030 nanoparticles 12.57053 0.451084

can be isolated from marine red algae [10]. According to the position
and number of sulfate groups in the repeating units, carrageenans can be
divided into alpha, lambda, iota, kappa, theta and beta [11]. The major
gel-forming fractions of polysaccharide are iota- and kappa-carrageenan
[12]. The hydroxyl groups of these monosaccharides can be substituted,
sulfated, and methylated by D-xyloseresidues or pyruvic acid [13].
Particularly, it can easily cross-link ionically with some ions, such as
calcium (Ca®") and potassium (K) [14]. Owing to their unique physi-
cochemical properties, carrageenan is widely used in the food industry
as stabilizers, thickeners, and emulsifiers [15], in biotechnology and in
cosmetology [16]. Carrageenan have an expansive spectrum of biolog-
ical interest: antiviral [17], antitumor [18], and immunomodulating
[19], antioxidant [20]. Since polymers need to have appropriate water
absorption (swelling) and mechanical characteristics, a combination of
k-Carrageenan, NaCMC, and different levels of MgZnO has been used to
produce hydrogels [21].

In this study, undoped and Zn-doped MgO nanostructures grown by
using a sol-gel method in a gel media to obtain the morphology for the
undoped and Zn- doped MgO nanostructures. Then, Zn co-doped MgO
films have been fabricated by the sol-gel process and effects of the
doping on the structural. In addition, the morphological properties of
the films have been investigated and the effects of nanoparticle ratios of
fabricated hydrogels as an important processing factor on key properties
of a hydrogel were evaluated. Although the loading of catechin in
hydrogel samples that were produced by the physical method will be
conducted and evaluated as well, and the influence of nanoparticles on
the release rate of catechin will be characterized and will be reported in
the next paper. Finally, thermal and mechanical properties were inves-
tigated in optimum formulations.

2. Materials and methods
2.1. Materials

In this study calcium carbonate (CaCOs),k-Carrageenan, Magnesium
nitrate hexahydrate, sodium carboxymethyl cellulose (NaCMCQC),
(+)-Catechin hydrate, Zinc nitrate hexahydrate, and gelatin (an agent
for polymerization and stabilization) were all attained from Sigma-
Aldrich (Missouri-USA) and applied without any additional purifica-
tion. Distilled water was applied in the synthesis of the hydrogel.

2.2. Particles preparation and characterization

To prepare the Zn-doped MgO nanoparticles in the form of Mg;.
xZn;O, where x = 0, 0.01 and 0.03 the analytical grade of Zinc nitrate
hexahydrate (Zn(NO3)2.6H20), Magnesium nitrate hexahydrate (Mg
(NO3)2.6H20), gelatin [(NHCOCH-R1)n, R1 = amino acid, Type A,
Porsin], and distilled water are used. To prepare the amount of 2 g
nanoparticles, Mg and Zn nitrates were dissolved in 20 ml of distilled
water (Table 1).

The rate of the nitrates was calculated due to the Mg;.4xZn,O formula,
where x = 0.01 and 0.03. By preference, 4 g of gelatin (the scale of final
product to the gelatin was 1:2) dissolved in 60 ml of distilled water, and
using an oil bath, the solution was stirred at 80 °C constantly. Then, the
solution of Mg?*and Zn?'was mixed with the solution of gelatin. By
stirring for 7 h at a constant temperature of 80 °C continuously, a
viscous, transparent, and honey-like gel was obtained. A modicum of the
prepared gel inserted into the kiln for the calcination process with the
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operation temperature of 600 °C and duration of 2 h with a heating rate
of 5 °C/min [22].

2.3. Preparation of k — carrageenan/NaCMC and metal nanocomposites
hydrogel

For hydrogel fabrication, 0.12 g NaCMC, and 0.48 g of k-carrageenan
was thawed in 20 ml of distilled water at 80 °C and 0.15 g CaCOj3 dis-
solved in 10 ml distilled water separately. The mix of both solutions was
stirred for 1 h until a viscous, clear and homogenous solution was ob-
tained without any bubble [23]. Then, 0.8 mg/ml aqueous solution of
Mg0.99Zn9 010, Mgp.97Zng 030 and MgO was prepared. Then, the
aqueous solution of Mgo.99Zn0,010, Mgo.97Zn¢.030, and MgO each was
added to x-Carrageenan/NaCMC solution and stirred at room tempera-
ture until the hydrogels were formed [24].

2.4. X-ray diffraction (XRD) analysis

XRD analysis was performed by powder diffractometer (SEIFERT
PTS 3003, Rigaku, Ultima IV, Japan) which was attached with a Cu Ko
radiation (A = 1.54 A) [25].

2.5. Morphology of nanoparticles and nanocomposite hydrogels

To study the FESEM, gold-coated nanoparticles were mounted under
vacuum, on a holder, and then gaged into a LEO 1450 V P (20 kV,
Ramsey, New Jersey, USA) [23].

2.6. Measuring the swelling ratio of nanocomposite hydrogels

The swelling of the hydrogels was evaluated for 2.0 g of the nano-
composites at ambient temperature and pH 7 besides was calculated
using equation (1):

Ws — W0
Swelling ratio% = SW x 100 1
where Wy and W; are the initial weight of hydrogels and weight of
swollen hydrogel at time t respectively [26].

2.7. FTIR

Operating an FTIR (Thermo Nicolet Avatar 370,BioSurplus, USA)
and potassium bromide coming with wavelength of 4000-400 cm 1, the
FTIR spectra was recorded [27].

2.8. Thermogravimetric analysis (TGA)

Operating a Shimadzu apparatus TGA-50(Shimadzu, Japan)all the
nanocomposites with the range of 4-8 mg, were heated under nitrogen
flow (20 ml/min) and in the range of 30-800 °C at the heating rate of
10 °C/min [28].

2.9. Compression test

A texture analyser (TA. XT. Plus, Stable Micro Systems, UK) was used
to measure the consistency, hardness, springiness, and adhesion of the
hydrogels. The analytical probe P/0.4 (4 mm diameter, stainless steel
cylinder) was condensed within the hydrogels (20 mm height) at a speed
of 1.0 mm/s, to a 60% height of sample depth, and with a trigger force of
3 g triplicate [29].

2.10. Statistical analysis

All formulations were expressed as mean =+ standard deviation
triplicate. To define a statistically significant difference between
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Fig. 1. (A), (B). XRD diffraction patterns of (a) MgO, (b) Mg .99 Zn ¢,01 O, (c)
Mg 0.97 Zn .03 O, (d) MgOnanocomposite, (e) Mg o.99 Zn o,01 O nanocomposite,
and (f) Mg o.97 Zn ¢,03 O nanocomposite.

samples, a one-way analysis of variance (ANOVA) with the post
“Tukey’s post hoc test” for multiple comparisons was conducted using
SPSS software (SPSS, version 18). A p-value of less than 0.05 was
considered statistically significant.

3. Results and discussion
3.1. XRD patterns of nanoparticle and nanocomposite hydrogels

Fig. 1 shows the crystallinity patterns of Mgg99Zng 010,
Mgo.97Zn¢,030 and MgO nanoparticle and nanocomposite hydrogels. In
the current research, Zn-doped MgO nanoparticles with rate of 0.01 and
0.03 have been used. According to our previous research, we don’t use
simple one of them because the intense and sharp peaks indicate the
high crystalline in the samples more than simple MgO or ZnO nano-
particles [30]. The crystalline property of k-Carrageenan/NaCMC
hydrogel, Mg 1x Zn x O nanoparticle was performed by XRD analysis
where x = 0, 0.01 and 0.03 and k-Carrageenan/NaCMC/Mg 1.x Zn x
O/Catechin hydrogel (Fig. 1). The results revealed that the ZnO hex-
agonal structure and MgO cubic structure were produced at 650 °C
(calcination temperature). Hence, after addition of catechin to the
compound, some different diffraction peaks were detected in the pat-
terns. These peaks were indexed to the hexagonal crystalline structure
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Fig. 2. XRD peak related to (a) MgO cubic (b) ZnO hexagonal structures.

and were appeared at 20 = 29, 35, 43 and 47°. In other words, most ZnO
atoms were formed as ZnO nanostructures as well as the
MgO-nanoparticles and defused in the cubic structures of ZnO
nanoparticles.

Fig. 2(a and b) shows the diffraction peaks related to MgO-
nanoparticles and nanocomposite that are associated with the cubic
structure of MgO nanoparticle and hexagonal nanocrystals of ZnO,
respectively. Fig. 2(a) presents the intensity of the diffraction peaks was
decreased as the compound was loaded with impure Mg atoms due to
the arisen defects in the cubic structure.

Unsurprisingly, the diffraction peak intensity in Fig. 2(b) increased
by increasing the ZnO amount in the compound. The pattern of XRD for
k-Carrageenan/NaCMC hydrogel exhibited many broad diffraction
peaks at 30°, suggesting that it had amorphous effects [22,28,31]. The
addition of Mgp.99Zng 10 and Mgg97Znp 030 nanoparticle to the
k-Carrageenan/NaCMC hydrogel had no impact on the XRD pattern of
the hydrogel extremely, indicating suitable compatibility between
k-Carrageenan/NaCMC and Mgg 99Zn.010 nanoparticle. Such outcome
was in agreement with the results of Liu et al. [32]. They fabricated
PFE/k-Carrageenan (polyphenol-rich pomegranate flesh extract) and
PPE/k-Carrageenan (pomegranate peel extract) films. Existence of PFE
and PPE to k-Carrageenan, did not change the XRD patterns unusually
[33].

To calculate the crystalline size, the size-strain plot (SSP)method was
chosen. The estimated crystalline sizes for Mgg 99Zng 010 nanoparticles,
Mgo.97Z1n9,030 nanoparticles, Mgp.99Znp 010 nanocomposite and
Mgo.97Zng 030 nanocomposite were 18, 13, 20 and 19 nm respectively.
The taken XRD data were considered by the SSP method. In SSP method,

using equation (2)(dyuf cosd)?is plotted regarding (d2,,8, cosd):

A €\’
(dnaBrg cOs0)’ =D (diklﬂhkl cosf) + (5) @

where D is the crystalline size, A is the plane distance and a constant
equal to %, 0 is the peak position, p is the full peak width at half
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Fig. 3. SSP plot for (a) Mg 99Zng 010 nanoparticles, (b) Mgp 99Zng 010 nanocomposite, (c) Mgo 97Zng 030 nanoparticles, (d) Mgg.97Zng 030 nanocomposite.

minimum intensity (FWHM), and ¢ is the lattice strain. The crystalline
size of the nanoparticles was valued from the slope of the fitted data.
Fig. 3 represents the SSP plots for the samples.

The lattice parameters are calculated by using Bragg equation 1 =
2d sin @ [where d is the distance between two planes with the miller
indices (hkl)]. The other parameters are obtained from the lattice ge-
ometry equation for cubic structure [34] given by equations (3)—(5):

L R4+ +P

ﬁ: 2 3
V=d 4
cos = hihy + kiky 4+ 111, 5)

VU7 + 8+ B) (1 + 1B + B)

where Angle ¢ is between planes (hik;l;) and (hgkaly), the broadened
XRD peaks then give dislocation density through below equations,
which is referred to as the Williamson-Hall (WH) method. The XRD peak
width, 6, is related to the strain through the Williamson-Hall (WH)

Table 2

equation (6) and (7). as below [35]:

5C0;€:(Z+268120 ®)
0.9

= 7

“=D )

0, 1, ¢, and Dare the diffraction angle, X-ray wavelength, strain, and
average particle size, respectively. The dislocation densityp, is derived
by equation (8), as follows [36]:

£2
p=144,; ®
Here, b is the magnitude of the Burgers vector [37]. Table 2 shows

the structure parameters of MgO, Mg .99 Zn ¢,01 O, Mg 0.97 Zn 03 O
nanoparticles.

The structure parameters of MgO, Mg .99 Zn 0,01 O, Mg .97 Zn ¢,03 O nanoparticles.

Compound

26+0.01

hkl

dpg (nm)+ Structure Lattice parameter (nm) \% (As)j: € cosd P (cm’z) Grain size
0.0005 +0.000005 0.000002 +0.000005 (nm)
MgO 42.844 (200) 0.2109 Cubic a=0.421618 0.074947 0.014142  0.707107  1.017876 16
62.225 (220) 0.1490
Mg o.99 Zn 31.8605 (200) 0.2109 Cubic a=0.421618 0.074947 0.015492  0.707107  1.017876 18
0.01 0 34.5165 (220) 0.1490
Mg ¢.97 Zn 31.7625 (200) 0.2110 Cubic a = 0.421859 0.075076 0.07746 0.707107  1.018458 13
0030 34.4273 (220) 0.1491
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Fig. 4. FESEM images of (a) MgO(b) Mgo.99Zn 010, and (c) Mgo.97Zng 030 nanoparticles at magnification of 30 k, 50 k and 100 k respectively.

3.2. Nanoparticleand nanocomposite hydrogels microstructure

3.2.1. Nanoparticles microstructure

The FESEM microstructure images of Mgg.g7Zng 930, Mgo 99Zng 010
and MgO nanoparticles are presented in Fig. 4. The high-resolution
images of MgO powder showed the formation of nanoparticles, which
were spherical in size, uniform, dense and porous with agglomeration.
Loading the ZnO particles with MgO leads to form a hexagonal shape
platelet [33]. The different properties of surface and various mecha-
nisms of growth for Mg 99Zng 910 and Mgp.97Zng 030 nanoparticles had
affected by MgO. Additionally, by attaching the MgO to the ZnO, the
suppression of crystal growth within the direction happened. Loading
ZnO with MgO caused to grow a hexagonal structure independently.
This phenomenon might be owing to the lower surface energy of a larger
particle size; hence, the particles agglomeration did not happen to
reduce the surface energy [38]. The formation of hexagonal platelet
completed when loading with a high amount of MgO [39]. Thus, the
doping of ‘Zn’ in MgO has a key impact on morphology and structural
arrangement of MgO nanoparticles. The modification in morphological
and structural properties of Zn-doped MgO nanoparticles take part in
changing their thermal and optical properties [40]. In a study in 2015,
Chen and his co-workers investigated the properties of MgZnO and
BeMgZnO films that have been grown on c-plane sapphire substrates by
plasma-assisted molecular beam epitaxy. They reported that MgZnO

film shows smooth surface with some small pits [41] that their findings
were in agreement with findings of this research.

3.2.2. Nanocomposite hydrogels microstructure

The surface morphology of the Mgg.99Zng 010 « Mgo.97Zn0.030 and
MgO nanocomposite is shown in Fig. 5. The rice-grain structure of MgO
nanocomposite was observed by FESEM images. The rice-grain surface
had a very smooth structure in the sample. Based on the FESEM images
of Mgo.99Zng,010 and Mg 97Zng 030 nanocomposite, a high amount of
ZnO nanospheres gathered on the rice-grain structure surface. The
porous structure of MgO, was the main reason to absorb the ZnO
nanoparticles in the MgO rice-grain structure. Adsorption and penetra-
tion of the ions into the MgO during the preparation was supported by
exposing of ZnO nanoparticles to the nanorice [42]. The FESEM images
showed that Zn-doped MgO nanocomposites was more uniform than
undoped nanoparticles (MgO nanoparticles) (Fig. 5(a—c)). The sizes of
the ZnO samples did not significantly changed due to the incorporation
of Mg atoms. As shown in Fig. 5, the shape of x = 0.01, and 0.03 MgZnO
nanocomposites had no significant difference. Yaser Hossein studied the
transparent conducting undoped and magnesium doped zinc oxide
(MgZnO) thin films in a research in 2019. The MgyZn; 4O films grown
with different Mg-doping content, and revealed that FESEM images of
the morphological quality of ZnO films was found to be highly sensitive
to the Mg content. It was observed that all the films possessed some
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Fig. 6. Swelling capacity of MgO, Mgp.99Zng 010, and Mgp.97Zng 3O nano-
composite hydrogels.

small grains wherein the sizes of these grains gradually minimized with
the increase in the Mg level [43]. At higher percentage large particles
are observed due to the agglomeration of the zinc oxide particles. This
may be the reason for the decrease in mechanical properties at higher
concentration [43]. In another study by Selvi et al., 2020, the micro-
graphs of ZnO/MgO nanocomposites showed the formation of
mushroom-like flakes. The different compositions reveal a small differ-
ence in the size and shape of particles. The findings of these researches
were in agreement with this study [44].

3.3. Swelling ratio of nanocomposite hydrogels

The ability of hydrogels to swell in contact with a stable solvent or
distilled water, is one of their most interesting properties. Determining
the swelling characteristics of the system is important for relating its
surface properties and mechanical properties of the composite system.
The swelling equilibrium (maximum water uptake) is reached when the
osmotic forces of the functional groups are balanced by the restrictive
forces of the higher ordering of the polymer chains [7,45]. In Fig. 6, the
swelling capability of Mgpg9Zng 10, and Mgp97Znp 3O nano-
composites hydrogel were compared to ZnO-free hydrogel (MgO nano-
composite). The swelling ratio of Mgpg9Zng ;O started from
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5.51+2.61% and reached to 44.15+1.98% hence, the swelling ratio of
Mgo.97Zng 030, started from 4.87+2.39% and reached to 35.38+0.87%.
An increase in the content of zinc from 0.01 to 0.03 mg resulted
decreasing the swelling ratio that due to the crosslinking act of ZnO
nanoparticles [46]. While the content of cross-linker changes, the pore
size would be changed that affecting the swelling ratio [47]. To obtain
equilibrium osmosis pressure of this charge, more water molecules
diffused into hydrogel nanocomposite that causes increase in swelling.
The MgO nanocomposite had a swelling at 3.374+0.95% and reached to
maximum water uptake at 3.81+0.26%. There was a peak at
22.1+6.76% in the graph which was related to starting of decrease in
water absorption in the medium. This could be attributed to the weak
stability of the composite rather than the Zn-incorporated nano-
composites. Fig. 6, also revealed that the pores in the structure of MgO
nanocomposites were less than Mgp99Zng 10 and Mgg 97Zng 030
nanocomposites that can be a cause of lesser swelling than the other two
composites. Akbari et al. (2016), studied the influence of different
amounts of ZnO nanoparticles on the swelling and drug release prop-
erties of bio nanocomposite hydrogels. Based on their results as
compared to the pure hydrogel beads, the CMC/ZnO bio nanocomposite
hydrogels showed a higher swelling degree and the increasing of the
swelling degree of the CMC/ZnO bio nanocomposite hydrogels may be
originated from the presence of ZnO nanoparticles with different sizes,
morphologies and surface charges. In another study by Sabbagh et al.,
2020, the swelling rate of k-Carrageenan/Mgg g99Zng 910/NaCMC was
higher than k-Carrageenan/NaCMC. These results are in agreement with
the findings of this research [48].

3.4. FTIR chemical characterization

Fig. 7 shows the FTIR spectrum of Mgg 99Zng 010, Mg 97Zng 030 and
MgO powder nanocomposite in the frequency range (400-4000 cm™1).
For MgO, the peak in the range of 540-570 cm™'was related to C-C
skeleton vibration, which in the MgO spectrum was at 551.19 cm™?, but
in Mgo.99Zng 010, and Mgp 97Zng o030 spectra were shifted to 552.59
cm L. The peaks from 455 to 670 cm ™! showed the skeletal vibration,
this peak was at 601.47 cm ™ 'in the MgO graph and shifted to 586.75
cm lat Mgo.99Zng 010.and at 586.22 em ! at Mgo.97Zn9 030 graph. The
peak at 426.0 cm lindicated Mg-O bond stretching, which in turn
confirmed that the obtained product was magnesium oxide, and around
450 cm ! Zn-O stretching found in the IR spectrum of ZnO nano-
particles. The peaks from 500 to 730 cm™! perform the symmetrically
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Fig. 8. TGA curves of MgO, Mgp.99Zng 010, and Mgg.97Zng 030 nano-
composite hydrogels.

stretching vibration. In the MgO graph, this peak is at 641.09 cm ™}, in
Mgo.99Zng 010 nanocomposite, the mentioned peak is shifted to 712.08
em 'and in Mgo.97Zn9,030 nanocomposite it is at 711.29 em™ L. The
peaks from 835 cm ™! to 865 cm ™! presented the S-H bending vibration.
In the MgO nanocomposite graph, this peak presented at 855.18
cm 'and shifted to 856.08 cm™lin Mgo.99Zn¢ 010 and Mgg.97Zng 030
nanocomposite.870-900 cm ™! corresponds for CHg-metal groups due to
CHj, rocking vibration. The peak at 926 cm ™~ 'in the MgO graph showed
the CHjs rocking vibration. In the nanocomposite graphs, C-H rocking
vibration presented at 1028-1030 cm-!. C-O stretching vibration
confirmed by 1061-1085 cm™!. This peak was 1061.97 cm ™ at the MgO
graph which shifted to 1078.32 cmlin Mgo.99Zng 010 and 1070.15
em~lin Mgo.97Z1n9,030 nanocomposites. The peaks 1064-1320
cm ™~ 'show the various bands in cellulose. The presence of cellulose in all
three nanocomposites is confirmed at peak number 1064.13 em ! in
MgO nanocomposite,1078.32 cm~lin Mgo.99Zng 010, and 1147.79
cm’lMg0_97Zn04030 nanocomposites. The C-H deformation vibration at
1375 cm ™~ 'was related to cellulose and at 1380 cm ™ 'was related to O-H
deformation vibration. Peak at 1410-1495 cm ™ 'confirmed the presence
of CaCOs in polymer additives. Meanwhile, the asymmetric CO?"
stretching vibration shown by 1550-1650 cm ‘bonds. 1710-1810
cm!presents the G=O stretching vibration. 2340-2790 cm !was
related to primary alcoholic O-H functional group and O-H stretching
vibration in the structure of carrageenan. The peaks from 2920 to 2950
cm~'shows the asymmetrically CH, stretching vibration. The peak at
3410 cm™! in MgO nanocomposite graph, the peak at 3398 cm™! in
Mgo.99Zn¢ 010 nanocomposites and 3389 em ! in Mgo.97Z19,030 nano-
composites was related to O-H stretching vibration which confirmed at
3125-3575 cm L. This information is in agreement with the research of
Pachiyappan et al., 2020 [49]. They prepared ZnO, ZnO-MgO nano-
composites (NC-1, NC-2, NC-3) and MgO nanocomposite materials.
They showed that the broad spectrum around 3492 em Y, 2945 em Y,
1752 ecm ™!, 1487 cm™1,1287 ecm ™!, 843 cm ! and 562 cm 'were also
detected in their study.

3.5. TGA characterization

To consider the impact of concentration of doping on thermal
properties of Zn-doped MgO and pure nanoparticles, thermogravimetric
analysis (TGA) was carried out. Fig. 8shows the thermal behavior of
decomposition of MgO, Mgp.99Znp 10, and Mgp.97Zng 30 nano-
composites. For all polymer systems, the first degradation process that
starts below 100°C which attributed to the loss of bound water [50]. The
weight loss occurring below 380 °C, is owing to the evaporation of
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Table 3
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Compression test of the MgO, Mgo 99Zng 010, and Mgp 97Zng 30 nanocomposite hydrogels.

Springiness (mm)

Adhesion (g.s) Consistency (g. sec)

Sample Hardness (g)

MgO nanocomposite 84.75+9.19 8
Mgo.99Zn¢, 010 nanocomposite 77.85+3.40 10
Mgo.97Zn¢,030 nanocomposite 80.43+2.64 10

—1.195+0.46 330.22+7.10
—0.848+0.17 392.90+3.48
—0.848+0.29 376.20+0.29

organic compounds and water and dihydroxylation of hydroxide pre-
cursor to oxide compound [51-53]. The second weight loss between
380 °C and 430 °C with an endothermic peak at 430 °C was attributed to
the nitrate group decomposition and the third weight loss between
430 °C and 800 °C was due to the complete decomposition of precursor
to MgO and also ZnO in Mgg 99Zng 010, and Mgp 97Znp030 nano-
composites. A comparison of curves in Fig. 8 shows that total weight loss
of pure MgOwasmore than Mg 99Zng 010, and Mgp.97Zng 03O whereas,
the decomposition temperature of pure MgO (380 °C-800 °C) washigher
than the Mgg.99Zng 010, and Mgp 97Zng 30 (75-800 °C). It displays that
the phase transition decreases because of the weight loss reduction as a
result of doping of ‘Mg’ in ZnO and the composites become more steady
[40]. This study is in agreement with the research of Parvizi et al., 2019
[54]. They synthesized MgZnO@SiO»-tetrazine nanoparticles. The first
gradual and continuous weight-loss occurredbelow 200 °C, which was
most likely due to water desorptionfrom the surface of particles and loss
of moisture content. Furtur loss at higher temperatures was probably
corresponded to theprogressive burning of the alkyl remnants which was
accompanied with the crystallization of zinc oxide up to 530 °C.

3.6. Compression test: mechanical characterization

The results of the compression test (hardness, springiness, adhesion,
and consistency) of the nanocomposite hydrogels are presented in
Table 2. The hardness of MgO nanocomposite was 84.75+9.19 (g) which
was higher than that of Mgpg7Zng 30 and Mgp 99Zng 1O nano-
composites: (Hardness: MgO > Mgo.97Zng 030 > Mgo.99Zng 010). The
consequences of springiness revealed that Mg 97Zng 30
andMg.99Znp,010 nanocomposites were the same as 10 mm, but MgO
nanocomposite showed the lesser springiness than the other samples;
therefore, (Springiness: Mgo 97Zng 030 andMgg 99Zng 010 > MgO). The
adhesion and consistency of Mg g9Zng 10 are —0.848+0.17 (g. s) and
392.90+19.48 (g. sec) that was higher than Mgp.97Zng 30 and MgO
nanocomposites (p > 0.05). Therefore, it concluded from Table 3, that
(Adhesion: Mgg 99Zng,010 > Mgg.97Zng030 > MgO) and (Consistency:
Mg0.99Z10,010 > Mgo.97Zn0,030 > MgO).

The interface interaction between a polymer matrix and the interface
interaction caused to increase in properties which is valuable for
development of the composite films’ tensile strength. However aggre-
gation occurs owing to the increasing content of nanoparticles, that
causes to a reduction in the contact area between the polymer matrix
and the nanoparticles, so the results defects in the composites. Hence,
the tensile strength of the films gets decreased due to the reduction of the
applicable interfacial interaction. The nanoparticles dispersion through
the matrix is also affected by the mechanical properties. These results
are in line with the findings of Sabbagh et al., 2020 [30]. They produced
a k-Carrageenan/Mgg 99Zng 010/NaCMC hydrogel based on the green
synthesis of nanoparticles. They found that the covalent compositing of
k-Carrageenan/NaCMC hydrogels with Mgg 99Zng 010 nanoparticles
achieved higher mechanical strength rather than the nanoparticle-free
hydrogel. The covalent compositing with particles increases the hard-
ness and adhesion of the samples.

4. Conclusion

The XRD results showed that the intense and sharp peaks in the MgO
cubic structure and ZnO hexagonal were highly crystalline. The FESEM

analysis revealed that surface features of the spherical size with uniform
size of MgO nanoparticles are strongly dependent on the doping con-
centration of ‘Zn’. The swelling ratio of Mgp.99Zng 010, was higher than
Mgo.97Zn¢ 030 and MgO hydrogels due to the strong stability of the Zn-
incorporated composite rather than MgO nanocomposites. The FTIR
curve confirmed that the doping of Zn and MgO has occurred properly
and the effect of doped nanoparticles is obvious in the curves. Ther-
mogravimetry analysis showed that the thermal stability of MgO
increased after doping with ‘Zn’. The compression test showed that MgO
nanocomposites had a stronger structure. Besides, the comparison be-
tween the Zn-doped samples showed more Zn content due to the higher
stability and hardness of the resultant nanocomposite hydrogels. The
results indicated that Zn-doped MgO nanoparticles are an efficient
candidate for drug delivery applications.
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