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AbstractNanocomposites are often used as a catalyst in the pyrolysis of Al/Mg/KNO3 rocket igniter charge. Because the synthesis of thenanocomposites has a negative impact on the environment, in this study, the nanocomposite of ZnO-Fe2O3 was synthesized using agreen synthesismethod based on the aqueous fraction of Syzygiumpolyanthum (Wight)Walp. leaf extract. The secondarymetabolitescontained in the extract were tested. ZnO-Fe2O3 nanocomposite was characterized using Ultra-Violet-Visible Diffuse ReflectanceSpectroscopy (UV Vis-DRS), Fourier Transform Infra-Red Spectroscopy (FT-IR), X-ray Diffraction (XRD), Particle Size Analyzer (PSA),Scanning Electron Microscope-Energy Dispersive X-Ray Spectroscopy (SEM-EDS), and Transmission Electron Microscope (TEM).The thermal decomposition process of Al/Mg/KNO3 with and without ZnO-Fe2O3 nanocomposite was analyzed using DifferentialThermal Analysis (DTA) and Thermogravimetry Analysis (TGA). As a result, ZnO-Fe2O3 nanocomposite is successfully synthesized,proven by UV-Vis DRS, FT-IR, XRD, and SEM-EDS analysis. It highlights the effectiveness of aqueous leaves extract of Syzygiumpolyanthum (Wight) Walp. as a capping agent because of the secondary metabolites. Based on PSA and TEM characterization, theparticle size is 17.37 nm. The TGA curves demonstrate that the addition of ZnO-Fe2O3 nanocomposite lowers the activation energyfor decomposition of Al/Mg/KNO3, from 58.71 kJ/mol to 52.07 kJ/mol, as well as reduces the stage in the decomposition process. Aparticular reason lies on the role of ZnO-Fe2O3 nanocomposite in reducing the activation energy of the thermal decomposition ofKNO3.
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1. INTRODUCTION

Pyrotechnics are a mixture of oxidizers, fuels, binders and ad-
ditives which have ability to react rapidly (Ineichen and Berger,
2004) . One of the usage is to ignite and burn rocket fuel (pro-
pellant) (Ineichen and Berger, 2004; León et al., 2024) . The
fuel and oxidizer of pyrotechnics can be metal, alloy, or com-
pound (Ineichen and Berger, 2004) . Element fuels include
aluminum, magnesium, titanium, iron, manganese, tungsten,
boron, etc, while compound fuels are hydrocarbons, picrates,
carbohydrates, arsenic sulfide, antimony sulfide, etc (Ineichen
and Berger, 2004) . The oxidants can be metal oxides or per-
oxides, nitrates, chlorates, and chromates of alkali and alkaline
earth metals (Aegerter et al., 2023; Dave et al., 2016; Lack-
ner et al., 2013) , while the binder is a polymer (Ineichen and
Berger, 2004) . Due to the function of accelerating the de-
composition process, the crucial additive in pyrotechnics is a

catalyst (Ineichen and Berger, 2004) .
For catalyst in pyrotechnics, because of the various oxida-

tion states and the unique electronic configurations, transition
metal oxide nanoparticles (TMON) such as iron oxide (Fe2O3),
manganese oxide (MnO3 or Mn2O3), and chromium (III) ox-
ide (Cr2O3) are highly effective (Ravanbod and Pouretedal,
2016) . Furthermore, nanocatalysts are preferred to micro-
sized and bulky catalysts because the activity increases with a
larger surface area (Ravanbod and Pouretedal, 2016) . Thus,
combining two types of TMONs, ZnO-Fe2O3 nanocompos-
ites is potential to be used in pyrotechnics (Ravanbod and
Pouretedal, 2016; Yaou Balarabe et al., 2023) . However, the
conventional synthesis of ZnO-Fe2O3 nanocomposite causes a
negative impact on the human health and environment because
of the toxicity of the chemicals used in the process (Kharissova
et al., 2019) . In this case, green synthesis is important (Ying
et al., 2022;Kharissova et al., 2019). In addition to reducing the
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toxic, green synthesis is reported to reduce energy consumption
and increase production (Osman et al., 2024) . Similar to natu-
ral oil-based green plasticizer developed for rocket propellant
(Restasari et al., 2024) , ZnO-Fe2O3 nanocomposite is poten-
tial to be synthesized by using plant-based extract which has
a function as a capping or reducing agent which is a molecule
that stabilizes nanoparticles and prevent them from aggregat-
ing or coagulating to form larger particles (Javed et al., 2020;
Kharissova et al., 2019; Ying et al., 2022) .

Several studies have been conducted in green synthesis
of ZnO and Fe2O3 nanoparticles (Al-Darwesh et al., 2024;
Kiwumulo et al., 2022) . Various extracts of stem, stem bark,
leaf, flower, fruit, fruit peel, seed, and marine plants have been
used for synthesis of ZnO and Fe2O3 nanoparticles (Abdelbaky
et al., 2023; Abdelmigid et al., 2022; Al-Darwesh et al., 2024;
Buarki et al., 2022; Faisal et al., 2021; Islam et al., 2024; Kiwu-
mulo et al., 2022; Lakshmnarayanan et al., 2021; Naiel et al.,
2022; Thi et al., 2020) . In addition, for ZnO nanoparticle,
extract of callus, aerial and onion (Allium cepa) have also been
used (Al-Darwesh et al., 2024; Islam et al., 2024) , while for
Fe2O3 nanoparticle, soya bean sprout, stolon, biowastes, gum,
green coffee, cloves, bacteria, and fungi have been involved in
the synthesis (Kiwumulo et al., 2022; Mohamed et al., 2023;
Zunigaga-Miranda et al., 2023) . However, different from ZnO
and Fe2O3 nanoparticles, investigation about green synthesis
of nanocomposite is still limited.

Green synthesis of ZnO-FeO nanocomposite is reported
by using aqueous extract of leaves of Eucaliptus globulus Labill,
Cuphea aequipetala Cav., and Blepharis maderaspantensis (Abbas
et al., 2020; Reyes-Perez et al., 2023) . Leaves extract of Phoenix
dactylifera L. is reported to be involved in green synthesis of Zn-
Fe2O4 nanocomposite (Abdullah et al., 2024) . For synthesis of
ZnO-Fe2O3 nanocomposite, chitosan is used (Al-Rajhi et al.,
2024) . Exploration of the use of aqueous extract of leaves on
the synthesis of ZnO-Fe2O3 nanocomposite is still rare.

Because the usage of aqueous extract of leaves has been
proven to be successful in the synthesis of nanoparticles and
nanocomposites, choosing a plant which has many leaves and
grows easily will bring benefit. Among plants, with the ability
to grow large and reach a height of 20-25 meters in lowlands in
Indonesia, up to 1400 meters above sea level, Syzygium polyan-
thum (Wight) Walp is a potential source for the extract (Ali et al.,
2022) . Previous research report that it can be used in synthesis
on silver, and ZnO nanoparticles (Khan et al., 2023; Lestar-
iana et al., 2024) . The success may lie on various secondary
metabolites contained in the extract of Syzygium polyanthum
(Wight) Walp such as alkaloids, saponins, steroids, phenols,
and flavonoids which can support its function as a capping
agent (Javed et al., 2020; Widjajakusuma et al., 2019) . Thus,
the novelty of this work is the use of aqueous leaves extract of
Syzygium polyanthum (Wight) Walp in synthesizing ZnO-Fe2O3
nanocomposite to be applied in pyrotechnic powder.

To determine the effectivity of the novel catalyst of py-
rotechnics, investigation of the decomposition process, by which
complex compounds are decomposed or destroyed or broken

down into simpler compounds, is essential (Goncalves et al.,
2017; Zheng et al., 2022) . The decomposition process caused
by exposure to heat is called pyrolysis (thermal decomposition)
(Zheng et al., 2022) . The pyrolysis can be observed using
thermal analysis instruments such as DTA and TGA (Zheng
et al., 2022) . In DTA and TGA, the changes in mass and ther-
mal profile of a material are continuously recorded while the
sample is heated in an oven under specific conditions (Zheng
et al., 2022) . Based on the data of DTA-TGA, a mathematical
model of the kinetic of the pyrotechnic decomposition process
can be built to determine activation energy, Arrhenius con-
stant and reaction rate constant (Goncalves et al., 2017) . Those
parameters serve as a guide for the product storage system
of pyrotechnics and rocket ignition devices (Goncalves et al.,
2017; Hatakeyama et al., 1998) .

The importance of green synthesis and thermal decompo-
sition analysis, this work has two aims. The first aim is to inves-
tigate the ability of Syzygium polyanthum (Wight) Walp. leaves
extract as capping agent in synthesis of ZnO-Fe2O3 nanocom-
posite. Second aim is to determine the effect of the ZnO-
Fe2O3 nanocomposite resulted from the green synthesis on the
thermal decomposition process of Al/Mg/KNO3 pyrotechnic
powder. The incorporation of ZnO-Fe2O3 nanocomposite to
pyrotechnic powder should alter their combustion performance
compared to normal pyrotechnic powder counterparts.

2. EXPERIMENTAL SECTION

2.1 Materials
In this work, materials used to obtain leaf extract were leaf pow-
der (Syzygium polyanthum (Wight) Walp.) obtained from Trop-
ical Biopharmaceutical Study Center of LPPM IPB-Bogor,
methanol, n-hexane, and distilled water. For the phytochemi-
cal tests, the materials included distilled water, HCl 37% solu-
tion, Wagner’s reagent, NaOH, acetic anhydride, chloroform,
H2SO4, FeCl3, while for synthesis ZnO-Fe2O3 nanocomposite,
Zn(NO3) 2.4H2O, Fe(NO3) 3.9H2O, potassium nitrate (KNO3)
99.0% were used. In addition, producing pyrotechnic powder
involves the addition of aluminum (Al) powder 90.9% and
magnesium (Mg) powder 0.006-0.3 mm. All chemicals were
pro-analysis grade and purchased from Merck and used without
further purification.

2.2 Instruments
FT-IR (Shimadzu Prestige 21), 4000-400 cm-1, was used to
analyze the functional groups of aqueous fraction of the leaf
extract of Syzygium polyanthum (Wight) Walp., the synthesized
nanoparticles and ZnO-Fe2O3 nanocomposite. Identifying
the maximum absorption of ZnO-Fe2O3 nanocomposites was
conducted by using UV-Vis DRS instrument (Hitachi UH-
5300), 200-800 nm. Crystal characteristics were obtained
from XRD (Bruker, X-ray source: Cobalt (Co)) analysis with
a diffraction angle of 10 - 120◦. Particle characterizations
of ZnO-Fe2O3 nanocomposite include distribution of parti-
cle size and charge using PSA (PSA Nanoplus) with dynamic
light scattering system (DLS), and shape morphology using
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SEM-EDS (Phenom) of 15 kV. TEM (Tecnai G2 20S-Twin
Function) 200 kV, sub-Ångström resolution of 0.24 nm (dot)
and 0.188 nm (line), magnification range of 25x-1030kx, CCD
Camera and EDS (Energy Dispersive X-Ray Spectroscopy)
allowed to analyze elemental composition (Sebehanie, 2017).
The thermal decomposition of Al/Mg/KNO3/ZnO/Fe2O3 py-
rotechnic powder was measured using DTA and TGA with
nitrogen gas, heating rate of 10◦C/min, from 30◦C to 1000◦C
(Sivapirakasam et al., 2010) .

2.3 Methods
2.3.1 Sample Preparation and Phytochemical Testing of

Syzygium polyanthum (Wight) Walp. Leaf Extract
Fresh leaves are washed, dried at room temperature and in
the oven. Dried leaves are ground into a fine powder using a
mechanical grinding tool. Fifty grams of Syzygium polyanthum
(Wight) Walp. leaf powder was placed in an Erlenmeyer flask.
Two hundred and fifty milliliters of methanol was added and
sonicated for 1 hour. It is left to stand for 24 hours (macera-
tion method). The resulting liquid extract was filtered using
filter paper in a Buchner funnel to obtain a maceration filtrate.
The filtrate was partitioned using n-hexane and methanol as
solvents to separate the polar compounds from the non-polar
compounds in leaf extract. The separation process yielded
n-hexane and methanol fractions of the leaf extract. The
methanol fraction was evaporated using a rotary evaporator at
50◦C to remove the methanol solvent and obtain a viscous ex-
tract. This extract was diluted with water. The aqueous portion
of the leaf extract was stored as a stock solution and used as a
medium for nanoparticles and nanocomposite synthesis in this
study (Nguyen et al., 2024) .

The following phytochemical tests were carried out to iden-
tify several groups of alkaloids, flavonoids, diterpenoids, tan-
nins, polyphenols, and saponins which are active ingredients
of the leaf extract.
Identification of Alkaloids:
1 mL of leaf extract was mixed with 5 mL of distilled water,
followed by addition of 3 mL of HCl and 3 drops of Wagner’s
reagent. The formation of a brownish-red color indicates the
presence of alkaloids (Dahanayake et al., 2019; Makkar et al.,
2007) .
Identification of Flavonoids:
1 mL of leaf extract was added into 5 mL of distilled water and
1.5 mL of NaOH solution. It was added to the concentrated
HCl solution. The formation of a yellow color indicates the
presence of flavonoids, and the color faded with the addition
of HCl (Adil et al., 2024; Makkar et al., 2007) .
Identification of Steroids and Diterpenoids:
1 mL of leaf extract was added dropwise into 2.5 mL of acetic
anhydride, 2.5 mL of chloroform, and concentrated H2SO4.
The formation of red color indicates the presence of terpenoids
while dark green color indicates the presence of steroids (Adil
et al., 2024; Makkar et al., 2007) .
Identification of Tannins and Polyphenols:
1 mL of leaf extract was mixed with 5 mL of distilled water

and 1-2 drops of FeCl3. The formation of dark green color
indicates the presence of tannins (Adil et al., 2024; Makkar
et al., 2007) .
Identification of Saponins:
1 mL of leaf extract was placed in a reaction tube. Five milliliters
of distilled water was added and shaken vigorously for 30 sec-
onds. The formation of bubbles indicated the presence of
saponins in the leaf extract (Adil et al., 2024; Makkar et al.,
2007) .

2.3.2 Green Synthesis of Nanoparticles and Nanocompos-
ites

Fifty milliliters of 0.1 M zinc nitrate solution [Zn(NO3) 2] was
supplemented with Syzygium polyanthum (Wight) Walp. leaf
extract was constantly stirred using a magnetic stirrer at 90
◦C until a paste was formed. The paste was calcined at 550
◦C for 4 h to obtain ZnO nanoparticles. The ZnO nanopar-
ticles were characterized using a UV-Vis DRS, FTI-R, XRD,
PSA, SEM-EDX, and TEM (Bandeira et al., 2020) . Same
procedure was conducted for the synthesis of Fe2O3 nanoparti-
cles from Fe(NO3) 3 solution and ZnO-Fe2O3 nanocomposite
from the solution of Zn(NO3) 2, 0.1 Fe(NO3) 3 (Pallela et al.,
2019; Sebehanie, 2017) . area (Anuar et al., 2021) .

Table 1. Phytochemical Test Results for Syzygium polyanthum
(Wight) Walp. Leaf Extract

Secondary Crude Hexane Methanol Water
Metabolites Extract Fraction Fraction Fraction
Alkaloids - - + +

Flavonoids - + - -
Steroids - + - -

Diterpenoids - - + +
Tannin and

- - + +
Polyphenols

Saponin + - + -

2.4 Identification of ZnO-Fe2O3 Nanocomposite
2.4.1 Preparation of Al/Mg/KNO3 Pyrotechnic Powder With-

out and With ZnO-Fe2O3 Nanocomposite
KNO3 was ground in a planetary ball mill and sieved through a
170-mesh vibrating sieve. Al, Mg, and KNO3 were weighed in
weight ratios according to the composition, mixed and stirred
in a special pyrotechnic ball mill to obtain a homogeneous
mixture. ZnO-Fe2O3 nanocomposite was added into the mix-
ture in weight ratios according to the composition. The same
method was performed to obtain a homogeneous mixture (Siva-
pirakasam et al., 2010) .

3. RESULTS AND DISCUSSION

3.1 Phytochemical Test
Phytochemical activity tests were conducted to reveal the active
compounds which are secondary metabolites contained in the
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Figure 1. Results of UV-Vis DRS Characterization of
ZnO-Fe2O3 Nanocomposite

leaf extract. The results are listed in Table 1. Alkaloids, diter-
penoids, tannin, and polyphenols contents in aqueous extract
are in agreement with previous results (Widjajakusuma et al.,
2019) . The absence of flavonoids, steroids, and saponin can be
caused by the location on where Syzygium polyanthum (Wight)
Walp. live (Bohm, 2009) . The plants that live in the coast have
specific secondary metabolites which are distinguishable from
plants live in other

The characterization of ZnO-Fe2O3 nanocomposite using
a UV-Vis DRS aims to identify the ZnO-Fe2O3 nanocompos-
ites based on the maximum absorption. The result is presented
in Figure 1. There, notably, an absorption at the wavelength of
491.79 nm is identified. Based on previous study conducted by
Kebede Gamo Sebehanie, 2017, the absorption is the character-
istic of ZnO-Fe2O3 nanocomposite (Sebehanie, 2017) . To be
noticed, the absence of other absorption peaks in the spectrum
confirms that the synthesized product is a pure ZnO-Fe2O3
nanocomposite.

The Kubelka-Munk function are used to calculate the bandg-
ap energy from the DRS data by plotting the hv of the abscissa
and the (F (R)h𝜈)n data on the ordinate, where F (R) is the
Kubelka-Munk function shown in Equations 1 - 6 (Amoli et al.,
2023; Sharma et al., 2019) .

F (R) = K
S

(1)

K = (1 − R)2 (2)

S = 2R (3)

R =
%R
100

(4)

WhereK is the molar absorption coefficient, S is the scatter-
ing coefficient, and R is the reflectance of the material (Sharma
et al., 2019) . In (F (R)h𝜈)n, n = 1

2 for the indirect type and

n = 2 for the direct type (Sharma et al., 2019) .

hv𝜈 =
1240
𝜆

(5)

Optical band gap = (F (R)h𝜈)n (6)

The band gap energy is calculated based on the numerical
derivation of the optical absorption coefficient (𝛼), photon en-
ergy (h𝜈), using the Tauc relationship between the constant (A),
and the direct band gap energy (Eg) in Figure 2. The band gap
energy value of ZnO-Fe2O3 nanocomposite is 1.93 eV, which
is consistent with the previously reported values (Amoli et al.,
2023) .

The success of green synthesis of ZnO and Fe2O3 nanopar-
ticles as well as ZnO-Fe2O3 nanocomposites are conducted by
using FT-IR spectroscopy. It identifies the functional groups
in them and the leaves extract (Stuart, 2004) . The results are
presented in Figure 3. There, on the spectrum of leaves extract,
the prominent peaks are 3323, 2135, 1647, 1016, and 690
cm-1. A wide peak at 3323 cm-1 indicates overlapped peaks of
hydroxyl group from polyphenol and N H stretching from
alkaloids (Makkar et al., 2007; Stuart, 2004) . The hydroxyl
group can also be from tannin (Makkar et al., 2007; Stuart,
2004) . A peak at 1647 cm-1 is assigned as C C stretching
from diterpene (Makkar et al., 2007; Stuart, 2004) . All of
those chemicals are in agreement with results in Table 1. In
green synthesis, polar part of secondary metabolites reacts co-
ordinatively with metal atom of nanoparticles (Gulati et al.,
2018; Javed et al., 2020) . On the other side, non-polar hy-
drocarbon part of secondary metabolites acts as a tail which
interacts with surrounding medium (Gulati et al., 2018; Javed
et al., 2020) . With this mechanism, secondary metabolites
prevent the formation of a large particle or composite (Gulati
et al., 2018) .

Figure 3 shows the bond between Fe(III) O observed at
wavenumber 570.95 cm-1 and Zn O stretching at 457.15
cm-1 (Abbas et al., 2020) . A shift in wavenumbers is obvious
in the ZnO-Fe2O3 nanocomposite compared to the individual
ZnO and Fe2O3 nanoparticles. A new absorption peak emerges
at 1122.62 cm-1, which can indicate formation of a new bond
between ZnO and Fe2O3.

The determination of the crystal size and crystallinity of the
ZnO-Fe2O3 nanocomposites was analysed based on diffraction
peaks on XRD results. Calcination at a temperature of 550◦C
for 4 hours produces a ZnO-Fe2O3 nanocomposite which has
a 2𝜃 value of 34.93◦; 37.04◦; 41.34◦; 50.17◦; 55.82◦; 62.62◦;
66.85◦; 73.82◦; 81.25◦; 88.14◦. A slight shift in 2𝜃 value
can be seen when compared to the XRD diffraction patterns
of the individual nanoparticles, especially ZnO and Fe2O3
(Figure 4). The 2𝜃 values of ZnO-Fe2O3 nanocomposites
are similar to those of ZnFe2O4 nanocomposites obtained in
previous studies by referring to the JCPDS reference card no:
01-089-1397: 31.737◦; 34.379◦; 36.215◦; 47.484◦; 56.536◦;
62.777◦; 66.304◦; 67.868◦; 69.009◦; 72.465◦; 76.867◦; 81.27
0◦; 89.492◦ (Abbas et al., 2020) . Furthermore, 2𝜃 value of

© 2025 The Authors. Page 496 of 503



Lestariana et. al. Science and Technology Indonesia, 10 (2025) 493-503

Figure 2. Band Gap Energy of ZnO-Fe2O3 Nanocomposite, (a) Direct; (b) Indirect

Figure 3. FT-IR Spectroscopy Characterization of: Leaves
extract, ZnO, and Fe2O3 Nanoparticles, ZnO-Fe2O3
Nanocomposite

ZnO-Fe2O3 nanocomposite can indicate the phase of the crys-
tal of which 34.93◦ is a sign for trigonal phase, while 50.17◦ is
diffraction from tetragonal phase, 66.85◦ is for cubic phase (Ab-
dullah et al., 2024) . However, since the XRD of ZnO-Fe2O3
nanocomposite still presents a value of 2𝜃 ZnO at 41.34◦, it can
be deduced that the obtained results are ZnO-Fe2O3 nanocom-
posite and ZnO nanoparticles (Abbas et al., 2020) . To calculate
the crystal size and average crystal size from the XRD data, the
Scherrer Equation (Equations 7 and 8) is used (Lifshin, 1999) .

D =
k𝜆

𝛽 cos𝜃
(7)

where D is the crystal size (nm), k = 0.94 is the Scherrer con-

Figure 4. XRD Characterization Results of ZnO-Fe2O3
Nanocomposite, Fe2O3 and ZnO Nanoparticles

stant, 𝜆 = 0.154 nm is the wavelength of the X-rays, 𝛽 is the
Full Width at Half Maximum (FWHM) of each characteristic
peak (in radians), and 𝜃 is the diffraction angle (in radians)
(Lifshin, 1999)

D =
0.9 × 0.15406

radians( 𝛽 ) × cos(radians( 2𝜃2 )
(8)

The calculation of the crystal size of the ZnO-Fe2O3 nanocom-
posite using the Scherrer equation is presented in Table 2. The
crystal size of the ZnO-Fe2O3 nanocomposite is 7.45 nm.

Characterization using PSA aims to determine the particle
size distribution of ZnO-Fe2O3 nanocomposite. As shown in
Figure 5, the average size is defined as 309.1 nm with poly-
dispersity of 0.248. The results of particle size measurements
using PSA measurements are usually larger than those of TEM
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Figure 5. PSA Characterization of ZnO-Fe2O3 Nanocomposite

Table 2. Calculation of ZnO-Fe2O3 Nanocomposite Crystal
Size Using the Scherrer Equation

Peak Position
𝛽 (◦)

Crystallite Size
(2𝜃 (◦)) Diameter (nm)
34.933 0.974 8.547
37.037 1.140 7.349
41.344 2.245 3.782
50.172 0.869 10.091
55.823 1.051 8.550
62.620 1.023 9.092
66.853 1.142 8.336
73.822 1.368 7.261
81.254 3.382 3.095
88.137 1.316 8.400

Average D (nm) 7.450

and XRD measurements (Abbas et al., 2020) . This contrasting
result arises from the different measurement principles of the
three instruments (Lifshin, 1999) .

The surface morphology and atomic composition of ZnO-
Fe2O3 nanocomposite is determined based on the characteriza-
tion using SEM-EDS (Figure 6). Furthermore, the respective
atomic compositions of Zn, Fe, and O based on EDS measure-
ment was 17.77; 22.48; and 59.76%, which indicates that the
ratio of values of Zn : Fe : O from the measurement results is
1 : 1 : 3 (Amoli et al., 2023) .

The result of SEM image processing is shown in Table
3. The average particle size of ZnO-Fe2O3 nanocomposite is
23.628 microns. Based on the circularity (0.599) and round-
ness (0.631) values, ZnO-Fe2O3 nanocomposite is classified
as well flower-shaped.

TEM characterization was carried out to determine the in-
ner structure of the ZnO-Fe2O3 nanocomposite. The results of

TEM characterization are presented in Figure 7. It reveals that
a predominantly irregular morphology with a small fraction of
the ZnO-Fe2O3 nanocomposite being cubic as also supported
by XRD data (Abdullah et al., 2024) . The more amorphous
shape compared to individual nanoparticles allows the forma-
tion of nanocomposites with less perfect crystalline structures
(Amoli et al., 2023) . On the other side, based on the TEM
characterization results, the particle size of the nanocomposite
can be estimated as 17.37 nm.

3.2 Thermogravimetry / Differential Thermal Analysis (TG-
DTA) of Pyrotechnic

Results of DTA and TGA of Al/Mg/KNO3 pyrotechnic powder
without and with the addition of ZnO-Fe2O3 nanocomposite
are depicted in Figure 8 and Figure 9, respectively. Those
curves represent effect of heating on KNO3 which occurs in
2 phases. The first phase includes transformation (around
130◦C), and endothermic (Rugunanan and Brown, 1991) . The
second phase refers to exothermic decomposition of KNO3
liquid at above 500◦C, 200◦C higher than the melting point
(Rugunanan and Brown, 1991) . The second phase is divided
into 2 stages, expressed in the following chemical reactions
(Pouretedal and Ebadpour, 2014) . The first reaction, decompo-
sition of KNO3 takes place at around 500◦C, while the second
reaction, decomposition of KNO2 takes place at around 600◦C
(Rugunanan and Brown, 1991) .

2KNO3 → 2KNO2 + O2

4KNO2 → K2O + 4NO + O2

Notably, in Figure 8, the addition of ZnO-Fe2O3 nanocompos-
ite into the composition of Al/Mg/KNO3 pyrotechnic powder
lower the temperature in the first phase. The transformation of
KNO3 in the material occurs at temperature which is 2.12◦C
lower than that without ZnO-Fe2O3 nanocomposite. The melt-
ing point of KNO3 in the material is also lower as much as
6.42◦C than that without ZnO-Fe2O3 nanocomposite. It is
suggested that ZnO-Fe2O3 nanocomposite causes a better heat
transferring to KNO3.

For the second phase in Figure 8, it is noted that the addi-
tion of ZnO-Fe2O3 nanocomposite successfully reduces the
number of decomposition peaks of KNO3 in Al/Mg/KNO3
pyrotechnic powder, from 2 peaks to 1 peak. It indicates the
catalytic activity of ZnO-Fe2O3 nanocomposite. It is suggested
that the catalytic mechanism of ZnO-Fe2O3 nanocomposite in-
volves not generating intermediate compound in the decompo-
sition process. However, the peak, decomposition temperature
(Td), is higher than that without ZnO-Fe2O3 nanocomposite.
Td of pyrotechnic powder with ZnO-Fe2O3 nanocomposite is
534.83◦C, while the first Td in exothermic phase of pyrotech-
nic powder is 518.66◦C. The detailed data are listed in Table
4.

Figure 8(a) and (b) shows thermogravimetric curves of
Al/Mg/KNO3 pyrotechnic powder without and with ZnO-
Fe2O3 nanocomposite. The details of weight loss is listed on
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Figure 6. SEM-EDS Identification of ZnO-Fe2O3 Nanocomposite, (a) Surface Morphology; (b) Atomic Composition

Table 3. SEM Image Interpretation

Sample
Particle Size

Circularity Solidity Roundness Aspect Ratio
(micron)

ZnO-Fe2O3 23.628 0.599 0.860 0.631 1.697

Figure 7. TEM Image of ZnO Fe2O3 Nanocomposite

Table 5. It is noticeable that the pyrotechnic powder with
ZnO-Fe2O3 nanocomposite has a distinguished weight loss
for each stage compared to that without the nanocomposite.
In the transformation of KNO3, ZnO-Fe2O3 nanocomposite
reduces the weight loss almost 50% of Al/Mg/KNO3 pyrotech-
nic powder. In the melting process, weight loss is also reduced
by 7.38%. The weight loss in decomposition process is also
lower for Al/Mg/KNO3 pyrotechnic powder with ZnO-Fe2O3
nanocomposite. However, as detailed in Table 5, Al/Mg/-
KNO3 pyrotechnic powder with ZnO-Fe2O3 nanocompos-
ite has more residual weight than that without ZnO-Fe2O3

Figure 8. Results of DTA Characterization of Al/Mg/KNO3
Pyrotechnic Powder without and with the Addition of
ZnO-Fe2O3 Nanocomposite (Heating Rate 10◦C/min)

nanocomposite.
The activation energy Ea (kJ/mol) is calculated using the

Kissinger method shown in Equation 9 (Selvakumar et al.,
2013) :

ln
(
q

T2
max

)
= − Ea

RTmax
(9)

where q is the heating rate (K/min), Tmax is the peak tempera-
ture (K) and R is the gas constant (8.314 J/(mol.K)). Based on
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Figure 9. Al/Mg/KNO3 Pyrotechnic Powder TGA Curve, (a) Without Addition of ZnO- Fe2O3 Nanocomposite, (b) with
Addition of ZnO-Fe2O3 Nanocomposite (Heating Rate 10◦C/min)

Table 4. DTA Pyrotechnic Powder Profile

Sample

Phase I Phase II
Weight (Endothermic peak) (Endothermic peak)
(mg) (◦C) (◦C)

Peak 1 Peak 2 Peak 1 Peak 2
Al/Mg/KNO3 7.714 134.75 336.44 518.66 616.98

Al/Mg/KNO3/ZnOFe2O3 13.482 132.63 330.02 534.83

Table 5. TGA Pyrotechnic Powder Profile

Sample Zona
Initial Temperature Final Temperature Weight Loss Residue

(◦C) (◦C) (%) (%)

Al/Mg/KNO3
1 30 500 4.13 33.56
2 500 800 62.31

Al/Mg/KNO3/ZnOFe2O3
1 30 500 2.48 53.8
2 500 800 43.72

Figure 8 and Figure 9, peak temperature (temperature at which
significant mass loss occurs) of Al/Mg/KNO3 pyrotechnic pow-
der with ZnO-Fe2O3 nanocomposite is 535.57 ◦C, 81.17 ◦C
lower than pyrotechnic powder without ZnO-Fe2O3 nanocom-
posite. On the other side, activation energy of Al/Mg/KNO3
pyrotechnic powder with ZnO-Fe2O3 nanocomposite is 52.07
kJ/mol, 6.64 kJ/mol lower than pyrotechnic powder without
ZnO-Fe2O3 nanocomposite. This result is in consistent with
the previous result (Azhagurajan et al., 2011) .

4. CONCLUSION

ZnO-Fe2O3 nanocomposite was successfully synthesized us-
ing Syzygium polyanthum Wight Walp. leaf extract. According
to PSA characterization results, the particle size was 309.1
nm and based on TEM characterization results, the obtained
particle size was 17.37 nm. The addition of ZnO-Fe2O3
nanocomposite to Al/Mg/KNO3 pyrotechnic powder reduces
the stage of decomposition of the pyrotechnic powder, from

two stages to one stage. In the pyrotechnic decomposition pro-
cess, Al/Mg/KNO3 pyrotechnic powder generates an interme-
diate product before the completed decomposition. However,
in Al/Mg/KNO3/ZnO-Fe2O3 pyrotechnic powder, no inter-
mediate product is generated because the presence of ZnO-
Fe2O3 nanocomposite accelerates the decomposition process.
ZnO-Fe2O3 nanocomposite can reduce the activation energy
of KNO3 decomposition from 58 kJ/mol to 52 kJ/mol.
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