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Abstract

This study underlines the development of orange-colored spectrum tracer material based on
Fe/CaCOs/PVC compound. The optimum composition of the compound was determined by comparing
three different ratios of Fe-CaCOs-PVC. The sample with the highest CaCO3 content decomposed earlier
than that of the other samples. This sample also produced the lowest calorific energy around 275.61 cal/g
and emitted a medium-dark orange spectrum. The color brightness was affected by the number of color
source materials as well as CaCl, and Ca(OH). which were formed during the combustion process.
Meanwhile, the sample with the lowest CaCOj3 content produced light orange color with a sharp spectrum
emission. The concentration of fuel material (Fe) as well as the higher calorific energy (466.39 cal/g) of
this composition contributes to the enhanced spectrum intensity. All samples emitted the orange color, with
the wavelength ranging from 585 to 593 nm. Beside of calcite as the main phase, the x-ray diffraction
analysis at 650 °C shows Fe,O3 as a secondary phase. The FTIR analysis of the as-heated sample presents
the Fe-O bending band with a broader peak, which can be attributed to the existence of Fe,O3 species. The
presence of this structure made all these samples have high ignition temperature.
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Introduction

Material science is a multidisciplinary and broad area of research that has increased widely in recent
years for many applications. Several of them are developed for the military research field, such as material
for the propulsion, warheads, frames in rockets or missiles [1], armor for personal defences or vehicles [2],
as well as projectile components in ammunition [3]. One of the important components in the projectile is
the tracer material which is added into the backside of the core and frontside of the ignition material. Thus,
if the projectile is fired to the target, the tracer will be ignited by the ignition material and then it generates
heat energy and luminous color. This kind of tracer is called tracer projectile, which is intended to be the
marker of target position [4]. Since the tracer projectile can produce heat energy and spark, it can also be
used as an explosive and burn trigger in High-Explosive Incendiary - Armour Piercing (HEI-AP)
ammunition [5].

In general, the tracer material is widely produced using pyrotechnic method. Pyrotechnic composition
is a heterogeneous mixture of fuel, oxidizer, color source and binder. It consists of either inorganic or
organic material ingredients or both of them [6-8]. When suitably ignited, a pyrotechnic composition
produces special effects such as light, smoke, heat, delay, sound and pressure depends on the variety of the
fuel and oxidizer material [9,10]. Specifically, bright light is preferable for signaling and tracking the
projectile. Certain elements and compounds which act as a color source possess the unique property of
emitting lines or narrow bands of light in the visible region when they are heated at elevated temperature
[11,12]. Some color source materials (e.g. strontium, sodium, barium and copper) have been widely used
to generate red, yellow, green and blue colors for tracer material, respectively [13,14]. The color source can
also act as the oxidizer and generally come in the form of nitrate, carbonate, chlorite or halocarbon group.
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Meanwhile, the typical fuel material can be either metal or non-metal, such as aluminum, magnesium,
silicon, carbon-based and many others, which is mixed with either natural or synthetic binder [15,16].
Herein, magnesium is the most used fuel material which is used for many colored light formulas. In the
oxidizing flame environment, the metal fuel should converts into metal oxide which emits white light.

There are 2 specific requirements for tracer compounds. The obtained color from the compound must
be observable in a specified wavelength region and consider the visual perception of the human observer.
Therefore, the tracer with red color is widely used for projectile since the human eye is more sensitive to
see red color in dark conditions compared to other colors such as yellow, green and blue [5].

Based on several previous reports related to the trace material and/or pyrotechnic compositions, the
primary color is the most popular to be generated. Red color, with the wavelength ranging from 650 to 780
nm, is usually produced using strontium based-compounds such as Sr(NOs), [17], Sr(OH)2, SrCl, [18]. In
another report, the light intensity of the red flare composition could be increased by adding the additive as
gas-generated material. Among the investigated additive materials, guanidinium nitrate (GN) showed the
best performance to generate a high specific luminosity (Lsp). It found that the Lsp value is comparable to
the total amount of oxygen and nitrogen present in the gas generating additive [19]. Further, blue color,
with the wavelength ranging from 425 - 500 nm, is commonly generated from copper based-compounds
such as CuCOs3.Cu(OH); [13], Cu powder electrolytic, basic copper carbonate Cuz(COs3)(OH)2, copper
benzoate, Paris green, CuOCI, CuO [20] and CusCls [21]. Juknelevious et al. [22], reported the use of the
pyrotechnic composition to develop the blue strobe using a formulation called Jennings-White’s blue strobe
No.5, which could maintain the flame color quality [22]. The formulation contains 55 % ammonium
perchlorate (AP), 30 % tetramethylammonium nitrate (TMAN) and 15 % copper, by the less reactive fuels
could cause flash frequencies to increase greatly, thus the resulting compositions were either rapidly
strobing or constantly ignite. The alternative compositions for blue strobe pellet were also examined by
using aminoguanidinium nitrate (AGN) combine with AP and copper as the catalyst. The formulation can
produce sharp and well-defined flashes of the blue color, possibly due to the combination of an exothermic
reaction and ignition of flammable gases at the surface [23]. While yellow color, with the wavelength
ranging from 575 - 600 nm, can be obtained using sodium based-compound [14].

In addition, the secondary color can be generated either by mixing the compound with the respective
primary color or by using certain compound which can emit the secondary color. For instance, the green
color can be obtained by mixing CuCl, as a blue color source, and sodium based compound, as the yellow
color source [24], or by using specific single-component compounds such as Ba(NOs); [25], BaOH, BaCl
and CuOH [26].

Orange color, with the wavelength ranging from 590 to 620 nm, possesses the similar characteristics
with that of red color in human eye sensibility, yet rarely used as a tracer material. This color can be
generated from the calcium based-compounds (e.g. Ca(OH), and CaCly) [26]. Since orange color possess
the closest characteristic to the primary red color, it can be used as an alternative for the bright light tracer.
Since the tracer material mixture generates luminosity as well as heat energy when it is used as the
projectile, further research is required to find the optimum composition in order to avoid excessive heat
energy, which can induce the breakage and/or crack to the jacket projectile, affecting the projectile accuracy
or even causing injury to the user [5].

The main purpose of this research is to evaluate and find the best material composition which emits
intense orange spectrum, while maintaining low calorific energy in order to avoid potential damage to the
projectile jacket. Herein, the composition of fuel, oxidizer and binder (i.e. Fe, CaCO; and PVC) will be
optimized to obtain the best composition. Instead of magnesium (Mg), iron (Fe) was used as a fuel since it
has lower specific heat capacity and heat of combustion than that of magnesium [9,27-30], which is
expected to generate lower heat energy.

Materials and methods

The main constituents of tracer are oxidizer, metal fuel, color source, color intensifier and binder. In
this research, CaCQs (analytical grade) was used as a color source and oxidizer, PVC (technical grade) acts
as a binder and color intensifier, while Fe (fine powder of 250 - 350 mesh) acts as a metal fuel. The material
formulations used in this research are presented in Table 1.

In this study, the tracer material was developed using a simple mechanical grinding technique with
careful preparation to ensure sample homogeneity. The thermal properties of the samples were analyzed
using thermogravimetric analysis (TGA) (NETZSCH TG 209 F1 Libra type), differential thermal analysis
(DTA) (P2F LIPI type) and calorimeter (Parr 1341 Oxygen Bomb Calorimeter type). The TGA and DTA
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process was performed at temperature of 37 - 1,000 °C, with the heating rate of 10 °C/min at atmospheric
environment.

Table 1 Material formulation of the tracer material.

Sample Fe wt.% CaCOs wt.% PVC wt.%
P1 17 68 15
P2 22 63 15
P3 27 58 15

The material phase was determined using X-Ray Diffraction (XRD) analysis (Rigaku, Smartlab type)
with Cu Ka radiation (A = 1.5418 A). The functional group of the materials was observed using Fourier
Transform Infra-Red (FTIR) (Thermo Scientific, Nicolet iS-10 type) to elucidate the bonding within the
compound as well as its potential chemical reactions. The density of the powder samples was also measured
using a Pycnometer. In addition, the emission spectral measurement was performed at a dark tunnel with a
length of 1 m using Maya2000 Pro series spectrometer, while the samples were burned by Liquefied Butane
Fuel tube.

Results and discussion

Thermal properties analysis

In order to understand the thermal phenomenon of this composition during the burning process, the
Fe-CaCO3-PVC ternary mixture was analyzed using DTA and TG-DTG analysis. Figure 1 shows the TG-
DTGA and DTA curves of the samples mixture. The three samples possess relatively similar thermal
behavior, with a slight intensity difference due to the different mass ratios of each sample.
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Figure 1 (a) DTA, (b) DTG and (c) TG curves of the mixture containing iron metal powder, calcium
carbonate and polyvinyl chloride.

Based on the DTA chart, 5 main peaks are presented in this composition. Peaks 1, 2 and 3 in Figure
1(a) indicate the exothermic process, while peak 4 and 5 represent the endothermic process. Peak 1 occurs
at around 290 °C, which indicates the decomposition process of PVC (binder material). The onset
temperature of sample P1 for this peak occurs earlier at 234.710 °C than that of P2 and P3 sample (243.035
and 245.802 °C, respectively). Herein, the PVC content of the sample (C2HsCl) experiences dechlorination
process, which is one of the possible degradation reactions of PVC [32,33]. The activation enthalpy (AH)
and entropy (AS) of C,HsCl for this reaction is 2.040 and 0.0159 kcal/mol, respectively [31].

C,HsCl = C,H, + HCI (g) Ac230°c = —9.469 kcal (1)

After this reaction finished, some parts of Fe were likely to react with HCI, producing FeCls (Eqg. (2))
which melted at 306 °C, giving small endothermic shoulder.

4/3Fe + 4HCI (g) + O2 (g) = 4/3FeCls + 2H,0 (9) Ac230 °c = —104.058 kcal/mol (2)

Based on thermogravimetry (TG) data, the mass of each sample was reduced to only around 90 % of
the initial mass after the first decomposition finished.

The second peak, occurs at around 440 °C, indicates the release of hydrocarbon [34-36] as the second
stage of PVC degradation, which is strongly related to the decomposition of C,H; as shown in Eq. (3).
Alternatively, there is also possibility of reaction between C,H; and CaCOs to form Ca(OH)z as shown in
Eq. (4), prior to the hydrocarbon decomposition. In addition, carbon species is also evolved, which is
indicated by the increase of carbon concentration and gradual decrease of chlorine species [37,38]. In the
early process of this stage, FeCls; also reacts with oxygen and generates Fe>Os, which is likely to occur at
310 °C (i.e. FeClz melting point) as shown in Eqg. (5). In addition, the Fe oxidation at a lower temperature
is started at a temperature of 300 °C, and this oxidation had happened rapidly at a temperature of 400 °C
[39]. Therefore, another Fe is oxidized refer to reaction Eq. (6), so that the mass of P3 composition increases
almost 1.5 % (Figure 1(c)), while the mass of P1 and P2 composition does not enhance significantly,
because the percentage of Fe in these compositions are smaller than in P3 composition.

CzHz + O2 (g) = 3/2C + 1/2C0O; (g) + H20 (g) AGuzgoc =—141.718 kcal ?3)
CzH; + CaCOs3 + 5/20; (g) = Ca(OH), + 3C0O2 (g) AG319ec =—272.431 kcal 4

4/3FeCl; + Oz (g) = 2/3Fe;03 + 2Cl» (g) AG310c = —18.563 kcal 5)
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4/3Fe + 0O, (g) > 2/3F€203 AG3poec =—106.326 kcal (6)

The third exothermic peak occurs approximately at 480 °C, which is attributed to the chloride
absorption by CaCOs to form CaCl, [35,36], as can be seen in Eq. (7). In addition, there is a continuous
pyrolysis process of the polyene [40], chain scission of carbonaceous backbone from the previous step, and
combustion of products [41] that happens in this step.

CaCOs + 2HCI (g) > CaCl, + CO2(g) + Hz0 (g) AGuz ¢ = —16.920 kcal @)

The first endothermic at 605 °C represents the dissolution of Ca(OH),, formed in the previous stage.
Afterward, the iron oxide compound is found, as shown in Eq. (8), while the remaining carbonaceous
species from the previous process [42] and oxidizer material still have not decomposed yet. This finding is
different from another experiment for intermetallic material reaction, and where there was a reaction
product between Al and Fe in this temperature [43], but based on XRD data (Figure 2), it doesn’t find the
phase from Fe-Ca reaction. This finding is in line with the previous result, where the interaction between
Ca and Fe at 650 °C did not form any product [44]. The remaining mass after this process is 83, 86 and 85
% for P1, P2 and P3 composition, respectively. Herein, the mass loss corresponds to the content of CaCOs
within each sample.

4/3Fe + 0, (g) > 2/3Fe,05 AGeso°c = ~92.148 kcal (8)

The second endothermic peak at around 825 °C indicates the CaCO3 smelting, where CaCQO3 begin to
decompose at 614.7, 631.0 and 630.8 °C for P1, P2 and P3 sample, respectively. Based on the shape of the
endothermic curve at DTG, the decomposition proceeds slowly at the beginning and start to increase
considerably after 700 °C. The concentration of Fe species affects the decomposition rate [45], so that the
CaCOs; decomposition of P3 sample runs faster than that of P2 and P1. It can be seen at the curve and
maximum temperature of this decomposition in each composition, and where the maximum decomposition
temperature for P3, P2 and P1 is 702.802, 703.035 and 705.710 °C, while this decomposition process runs
out at a temperature of 730 °C and CaO compound forms completely. The possible reaction of CaCOs
decomposition can be seen in Egs. (9) - (13). Herein, the Gibbs energy value at temperature lower than 890
°C is still positive, indicating that the reaction is not likely to occur. Nevertheless, there is report which
mentioned the formation of CaO at the temperature higher than 600 °C [46], while another research, found
that CaO cannot be formed under 700 °C [47].

CaCO3 > CaO + CO2 (g) AGeoo oc = +9.965 kcal 9
CaCO; - CaO + CO; (g) AGrg0oc = +6.440 kcal (10)
CaCO; - CaO + CO; (g) AGr30°c = +5.391 kcal (112)
CaCO; > CaO + CO; (g) AGgpsoc = +2.097 kcal (12)
CaCO; > CaO + CO; (g) AGggooc = —0.133 kcal (13)

After CaCO3 decomposition, the final residual mass of P1, P2 and P3 are 51.55, 57.53 and 59.49 %,
respectively. The mass loss (around 41 - 49 %) can be attributed to the release of carbon dioxide [47,48].
Herein, the thermal stability of the sample correlates with the ability of the material to maintain its
properties while experiencing thermal change. Generally, the material is considered to have better thermal
stability when it can maintain to have higher residual mass than other samples after getting heat treatment
at same temperature range and heating pattern [34]. Furthermore, the sample with better thermal stability
possess higher possibility for avoiding the unstable combustion when this sample is ignited, which can
minimize damage to the projectile jacket.
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X-Ray Diffraction (XRD) analysis

The XRD pattern of P3 after the sample received the heat treatment at 650 °C is shown in Figure 2.
Phase identification analysis using PDXL XRD Rigaku software exhibits multiphase peaks including
calcite, hematite and graphite. However, the peaks are dominated by calcite which is known as natural form
of CaCQOs. The calcite is seen in diffraction peaks (26), 23.02, 29.37, 31.40, 35.93, 39.37, 43.12, 47.47,
48.46, 56.51, 57.35, 60.62 and 64.61. The calcite characteristic at 2 theta value 29.37 corresponds to the
(hKI) indices (104), which is identified as a trigonal crystal structure with space group R-3c (PDF Card
No0.04-012-0489). Although this sample got heat treatment in the range of CaCOs; decomposition
temperature, the CaO phase does not find in this XRD pattern. It is caused by the maximum temperature of
CaCOQj3 decompoasition that is started at a temperature over 700 °C, while this XRD data is obtained from
sample getting heat treatment at temperature 650 °C.

Furthermore, the other peaks are shown as hematite (Fe.O3) generated from the reaction of the iron
oxidation. The main peak of hematite is shown in diffraction peak (20) value 33.12, which is correlated to
the (hkl) indices (104). This hematite type is also identified as trigonal structure (PDF Card No0.01-073-
8433). Hereinafter, PVC with chemical formula (C2HsCl)n only leaves the carbon (graphite) content which
is proved at 2 theta 26.48 correspond to (hkl) indices (002) after heat treatment (PDF Card No0.00-056-
0159). It is caused by the decomposition temperature of hydrogen chloride which is contained in PVC is
much lower than 650 °C.
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Figure 2 Xray diffraction analysis of P3 after heat treatment at 650 °C.

Calorimetric and density analysis

The calorie energy indicates the amount of energy generated during the combustion process. To
understand the mix composition having calorie energy quantity that is suitable for tracer projectile, the
calorimetric analysis also has been done. The material generates high heat energy can cause a crack at the
projectile jacket when the ammunition is fired. This will affect the safety of the user as well as the accuracy
of the projectile. In other words, the lower heat energy of the tracer projectile composition that is released
can avoid and minimize damage to the projectile jacket. Table 3 shows the calorific value and density of

the samples.

Table 3 The calorific energy and density of the samples.

No Sample Calorific energy (cal/g) Density (g/cm?®)
1 P1 275.61 2.24
2 P2 419.84 2.39

3 P3 466.39 2.43
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We find that the P3 compound generates the highest result of calorific energy during combustion
among the samples prepared. This result depends on the amount of fuel material that is used, which is
known as the higher Fe, the total heat energy is released also increase. Besides that, P3 also possesses the
highest density, and where higher density or mass generated higher thermal energy [49]. In addition, there
is a correlation between density quantity and thermal stability quality of composition, and where the
increasing density can produce better thermal stability [50]. It can be seen in the TG data, and where P3
has better thermal stability than P1 and P2. So, although the P3 sample generates the biggest heat energy,
this composition has the best thermal stability. Furthermore, the calorific energy value from this
composition is still far under the threshold from heat energy required.

The density of this sample is measured using a pycnometer and calculated using the Eq. (14):

(mz-my)

ps = X py (14)

T [(my—my)-(my—m3)]

where, ps is the density of the measured sample, pj is the density of liquid media used in the measurement
(e.g. water density = 1 g/cm?®), my is the mass of pycnometer, m; is the total mass of pycnometer, and liquid
media, ms is the total mass of pycnometer and powder sample, while mg is the total mass of pycnometer
which is filled with the liquid media and powder sample.

Fourier Transform Infra-Red (FTIR) analysis

The functional group of the compound was analyzed using FTIR and summarized in Figure 3. The
spectrum shows the stretching and bending vibration characteristic of the Fe-CaCO3-PVC compound. The
lowest wavenumber range from 400 - 600 cm™ is the characteristic of the metal-oxygen (M-O) functional
group. The absorption band of CaCQOg is shown at 712 cm™(v4), 875 cm™ (v2) and 1420 cm™ (v3) which
corresponds to the CO3 bending and stretching vibration band [51,52]. Moreover, the peak at 1,799 cm™
also representing the vibration of the carbonate ions which is common in crystalline polymorphs [53]. In
addition, PVC is represented as symmetrical and asymmetrical C-H stretching peaks at 2,511 cm™ and
2,873 cm™?, respectively [54]. Finally, the broad peak at 3429 - 3443 cm™ denotes the -OH stretching
vibrating band [53].

Furthermore, the P3 sample receives heat treatment at 650 and 850 °C and the functional group
composition is shown in Figure 4. There is a change of absorption intensity after heat treatment. The
intensity band at 3,443 cm™ (-OH stretching) sharply increases after heating at 650 °C due to the interaction
between calcium carbonate with hydrochloric acid which generates the amount of H,O, however the peak
intensity reduced after the temperature reached at 850 °C. In addition, there is also a shaper band at 1,625
cm™* (O-H bending), which suggests that there was chemically bound water in the samples [53,55]. On the
other hand, the heat treatment at 650 °C also leads the slightly shifting vibration peak at 2,512 cm™ into
2,511 cm™, where this peak is represented as a hydrocarbon chain (C-H). The C-H vibration peak seems
disappearing after the sample was heated at 850 °C. Moreover, the intensity of CO3 peak in wavenumber
of 1,420, 875 and 712 cm™* which shows characteristic absorption bands of calcite also tends to decrease
at 650 °C and specifically the sym COs vibration band (v4) disappeared by temperature increase. This
phenomenon can be understood refer to TG-DTG data, CaCOs5 starts decomposition at a temperature range
of 600 - 730 °C. Moreover, the intensity of the Fe-O chain at a wavenumber of 480 cm™ runs into reduction
because of the mass degradation of Fe,Oj3 that forms since the temperature of 300 °C.
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Figure 4 FTIR spectra of P3 after heat treatment at 650 and 850 °C.

Spectroscopy intensity

Based on a previous study, calcium compounds can emit orange flare at a wavelength of 585 - 620
nm [56]. Figure 5 shows the spectral emission of Fe-CaCO3-PVC mixture with different compositions. The
mixture which contains the highest Fe (P3 composition) emits the sharpest spectrum emission compared to
other samples. It can be seen that the spectrum band of this compound has the smallest width. In addition,
all samples emit spectrum since the wavelength of 415 nm (Figure 5(a)), and where the maximum peak of
these spectrums appears at a wavelength around 589 nm (Figure 5(b)). This result has good agreement
with the previous study [56] which explained the range of the orange spectrum. The presence of Fe as one
of the most common materials used as fuel in colored flame composition [57] other than Mg [58] increases
strong emission. The differentiated of the color intensity of samples is caused by several reason. The first
assumption is due to the amount of heat energy which directly relates to a high number of excited molecules
in the flame which result in the orange color of flare is very luminous. The second assumption following
the TG-DTG analyzing, where the P3 composition decompose run faster than P1 and P2 at higher
temperature. This also related to the amount of fuel (Fe) which consist in the composition. Generally, fast
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burning composition result in the lighter, while the slower burning will generate the deep color of flare
[19].
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Figure 5 The colored spectrum of P1, P2 and P3 sample (a) at a wavelength of 200 - 700 nm and (b) at a
wavelength of 585 - 593 nm

Based on eye view, all these compositions emitted the orange color which is similar (Figures 6(a) -
6(c)), only different with the color of butane flame burner (Figure 6(d)). However, based on spectrum data
of all these compositions which has plotted in a chromaticity diagram (Figure 7), it can be seen clearly that
P1 emits an orange spectrum darker than others. As the third assumption, it is caused by the CaCOs3
percentage in this sample which is the biggest. In addition, based on DTA and TG-DTG data, this material
has been decomposed to be CaCl, and Ca(OH),. These compounds were known as a material that produced
orange flare [6,9,10,57]. Moreover, the P3 composition emits a light orange spectrum because the number
of iron percentages in this sample is the highest. This iron emits a yellow spectrum and accelerates the
decomposition process of color source material so that can bother and reduce the orange color quality that
is produced by CaCQOs.

@) (b)
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(© (d)
Figure 6 The visual color which emission by (a) P1, (b) P2 and (c) P3 composition after burned by (d)
butane flame.
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Figure 7 The chromaticity diagram (CIE 1931) of P1, P2 and P3 sample.

To emit the spectrum of this composition has been required a high ignition temperature. It is caused
Fe203; compound that is formed by fuel oxidation during the combustion process, and where this oxidizer
has decomposition enthalpy type of endothermic heat [57]. So, to reduce this ignition temperature, this
composition has to add or react with active material or energetic fuels such as Al, Mg, Si, Zr or B.

Conclusions

Calcium carbonate (CaCOs) has been found as the potential source of orange-colored flare. Combined
with Fe as fuel and PVC as binder and color intensifier, the mixture material exhibit the enhancement of
orange-colored flare intensity by increasing the fuel even though with a few color source materials. The
tracer samples show good thermal stability which is proved by TG-DTA analysis after heating until 1,000
°C. The calorie energy released while the combustion process is also relatively low, range of 275.61 -
466.39 cal/g, which is needed to avoid damage on jacket projectile by tracer material combustion. The
optimum intensity of the orange-colored spectrum is obtained at the composition 27Fe-58CaCQO3-15PVC
where this sample involves calorific energy of 466.39 cal/g in a combustion process. This composition
emitted lighter orange color compared to other samples. The increasing of CaCO3 content in samples ratio
will obtain the medium to darker orange spectrum emission. The darkness of this color was affected by the
number of color source materials as well as CaCl, and Ca(OH), which were formed during the combustion
process. Meanwhile, the sample with the lowest CaCO3 content produced light orange color with a sharp
spectrum emission. The quantity of fuel material (Fe) and higher calorific energy (466.39 cal/g) in this
composition had a role to enhance the spectrum intensity. The XRD analysis shows a multi-phase after
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heating at 650 °C. The main phase is calcite and the secondary phase is Fe,Os. The analysis of functional
group of samples also indicates the formation of Fe,O3 after heating. The Fe,O3 that formed in all this
composition made all these samples have a high ignition temperature. This is the main reason of orange
flare in this work has not been observed easily, thus it is necessary to improve the composition of the
compound.
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