https://dx.doi.org/10.4314/dujopas.v] li4a.19
ISSN (Print): 2476-8316
ISSN (Online): 2635-3490
Dutse Journal of Pure and Applied Sciences (DUJOPAS), Vol. | | No. 4a December 2025

Influence of Cocrystallization on the Thermal
Characteristics of Varied Molar Ratio
of KClO3/NH4sNO; Cocrystals

'Aliyu A. 0., "**Mohammed Y. M., 'Nwaedozie J. M., 'Awe F. E.

'Department of Chemistry,

Nigerian Defence Academy Postgraduate School,
Kaduna State,

Nigeria.

’Department of Armament Engineering,
Air Force Institute of Technology,
Kaduna,

Nigeria

Email: mochemistxplo@gmail.com

Abstract

This research explored the thermal and crystalline properties of co-crystals synthesized from potassium
chlorate (KCIOs) and ammonium nitrate (NH4NO3) in molar ratios of 1:1 and 2:1. Differential
Scanning Calorimetry (DSC) and X-Ray Diffraction (XRD) analyses were employed. The 1:1 co-
crystal exhibited a glass transition temperature at 122.35 °C, an endothermic peak at 293.75 °C, and
an exothermic peak at 337.6 °C. The 2:1 co-crystal showed endothermic transitions at 275.5 °C and
360.0 °C, followed by an exothermic peak at 400.7 °C, higher than the 1:1 cocrystal. These shifts suggest
improved thermal stability over the pure substances. XRD revealed unique diffraction patterns for the
co-crystals, confirming the formation of new crystalline structures. The findings underscore how co-
crystallization modifies both thermal and structural traits of the oxidants, potentially enhancing their
utility in energetic formulations.

INTRODUCTION

Progress in the study of energetic materials (explosives, oxidizers, and propellants) is vital to
national defense research initiatives. Various synthetic approaches have uncovered powerful
materials like black powder, TNT, nitroglycerine, nitrocellulose, RDX, and HMX, now used
in military and industrial sector, (Changyan et al, 2013).

These energetic materials display different characteristic in terms of physical and chemical
properties such as melting point, crystal structure, density, energy and sensitivity. The search
and trial of various techniques brought about the manipulation of energetic materials in terms
of its characteristics by combining two or more energetic material to create a hybrid material
whose property differ with the parent material (Stahly, 2009).These led to the introduction
and application of co-crystallization technique which is believed to change the approach
towards improving, altering the properties of energetic materials (Veronika et al, 2004; Liu et
al, 2011; Spitzer et al., 2011).

Oxidizers facilitate combustion by donating oxygen and are essential in explosives,
pyrotechnics and propellants. Common oxidizers include potassium nitrate, potassium
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chlorate, ammonium perchlorate, and ammonium nitrate, (Zhi et al., 2016). These compounds
differ in reactivity, decomposition temperatures and stability. For instance, potassium nitrate,
a Class 1 oxidizer, modestly boosts combustion without triggering ignition. In contrast,
potassium chlorate (a Class 3 oxidizer) dramatically increases the combustion rate and may
react violently under certain conditions. To alter such behaviors, co-crystallization is often
employed (Zhi et al., 2016).

Ammonium nitrate (AN) has long been studied due to its applications in fertilizers, explosives
and propellants. Its low cost, environmental friendliness and low sensitivity make it appealing
for propellants (Chongwei et al., 2017). However, its hygroscopic nature and temperature-
induced phase changes limit its utility. These transitions, especially the IV—III shift, lead to
volume changes and caking at room temperature (Zhi et al., 2016). Stabilizing these transitions
requires suitable additives in precise ratios.

MATERIALS AND METHODS:

Materials:

Analytical grade ammonium nitrate, potassium chlorate, acetone, methanol, ethanol, and
dichloromethane were sourced from CONSAT chemical suppliers in Kaduna and Lagos,
Nigeria.

EQUIPMENT

Differential Scanning Calorimeter (METTLER Star (SW13.00) CHIP DSC-10 instrument), X-
ray Diffractive, (Empyrean Pan-Analytical Advance XRD), Scanning electron microscope SEM
PRO X model

CO-CRYSTALLIZATION

Equimolar (1:1) and 2:1 molar ratios of KClIO3 to NH4NOs; were prepared via a solvent
technique. 1.80 g KCIOs and 1.20 g NHiNO:s (1:1), and 2.26 g KCIOs and 0.74 g NHiNOs (2:1)
were ground together. Each mixture was stirred in 65 mL acetone for 15 minutes, and then
heated in a 50 °C water bath with continued stirring for 30 minutes. 15 mL distilled water was
added, and stirring proceeded until complete dissolution. The solution was covered with filter

paper and left to crystallize in an oven for a week before drying at room temperature (Terhorst
et al., 2009; Zhi et al., 2016).

DSC ANALYSIS

DSC measurements were carried out on co-crystal samples and individual components. The
samples (1.5 mg each) were heated from 30 °C to 150 °C at 10 K/min under a nitrogen
atmosphere.

XRD ANALYSIS
Crystalline phases of the samples were identified using XRDan were conducted over a 20
range of 5° to 80° with a 0.2° step size at room temperature (25 °C).

SEM ANALYSIS

The morphology and sizes were identified for the samples;samples were pulverized to
particle size of about 0.15micron, using a mortar and pestle.Manual adjustment on the
Voltage, current, Resolution level, identification input, etc., was made appropriately before
analysis.Image generation,contrasting andbrightening, both manual and auto - reviewing
and magnification of various sizes ranging from x500 to x150, 000 were done.
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RESULTS AND DISCUSSION

DSC ANALYSIS

The DSC profiles revealed distinct behaviors among the pure compounds and their co-
crystals. For the 1:1 co-crystal, a glass transition at 122.35 °C, an endothermic peak at 293.75
°C, and an exothermic peak at 337.70 °C as shown in Fig 1c and Table 1 were observed,
differing significantly from those of the individual components as shown in Fig 1a-b. Pure
KCIO; displayed an endothermic peak at 130 °C and exothermic at 354 °C, while NH4sNO;
showed endothermic transitions at 127.90 °C and 170.50 °C, and an exothermic event at 237.50
°C. The modified thermal profile of the co-crystal suggests interaction between K+ and NH4+
ions, potentially forming KNO; and thereby altering the thermal behavior (Jin et al., 2015;
Chongwei et al., 2017).

In the 2:1 co-crystal, DSC revealed a glass transition at 138.2 °C, endothermic peaks at 275.50
°C and 360.00 °C, and an exothermic peak at 400.70 °C as shown in Fig 1d. These were higher
than those of the separate substances, indicating enhanced thermal stability. Unlike the pure
materials, the co-crystals released heat upon decomposition, a change attributed to structural
reconfiguration during co-crystallization, as also noted by (David, 2012; Zhi et al., 2016).
During co-crystallization the change in the thermal behavior of the co-crystal was as a result
of the KCIO;, which perform two functions on the ammonium nitrate (AN) phase transition.
First, solid ammonium nitrate mixture were formed for K* replacement of NH,*. And
secondly, hydrogen bonds formed, which caused ammonium nitrate and salts of organic
compounds to interact intimately.
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Table 1. endothermic and exothermic peak values for KC1O; NHsNOs3, 1: 1,2:1 cocrystal

S/N SAMPLE ENDOTHERMIC ENDOTHERMIC EXOTHERMIC °C EXOTHERMIC °C
oC oC
1 KCIO; 130.0 354.5
2 NH4NO; 127.9 170.5 237.5
3 KClO3/NH4NO; 12235 293.75 337.6
11
4 KClO3/NH4NO; 275.5 360.0 400.78
2:1
5 - _ - _
XRD ANALYSIS

XRD patterns confirmed the creation of new crystalline phases. In the 1:1 co-crystal, peaks at
20 = 22.8940°, 30.3131°, and 37.3694° were not found in the pure substances, suggesting a
distinct crystalline arrangement. The same applies to the 2:1 co-crystal, which showed unique
peaks at 65.5788°, 66.9907°, 70.4053°, 71.0420°, 72.6143°, and 73.1125°. These shifts validate the
successful formation of new crystal structures. This outcome aligns with the observations of
Spitzer et al. 2014); Ahmed, et al., 2018), regarding co-crystals of EDNA and DAT, which also
presented new diffraction patterns distinct from their original components.
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SEM ANALYSIS

The SEM images of Potassium Chlorate (KCIO;) as shown in plate a, Ammonium Nitrate as
shown in plate b and also KClOs;/NHiNOs co-crystal at 1:1 as shown platess c. The images
clearly show the morphology of KCIOs/NHiNOs co-crystal is distinctly different from KClOs
and NHiNOs crystal with a rough surface and spherical patches on the surface with sizes
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ranging from 10 to 20 pm as compared to KCIO; which indicated a white spheroid and rod
like morphology with average size of 49.03 um for the spheroids and 105 pm for the rod while
the NH4NO; SEM image displayed a sponge like morphology with average size of 49.03 um
for the spheroids and 105.00 pm for the rod. The difference in morphology of the co-crystal
and that of the co-formers indicates that co-crystallization has taken place between the
KClO3andNHiNO:s thereby proving a phase change has occurred, which is in agreement with
the works of (Zongwei, et al., 2016; Han, et al., 2017), where they co-crystallize a high energetic
material of 2,4,8,10,12- hexanitro-2,4,6,10,12- hexaazaisowurtzitane (CL-20) and an oxidant
ammonium per chlorate.

Likewise the cocrystal 2:1 KClO;/NHsNOsas shown in plate d clearly shows an image with
morphology that is distinctly different from KCIOs; and NHsNO; as shown in plate a-b.The
co-crystal display a rough surface and spherical patches on the surface with sizes ranging
from 5 to 15 um as compared to KClOs; which indicated a white spheroid and rod like
morphology with average size of 49.03 um for the spheroids and 105.00 um for the rod while
the NH4sNO; SEM image displayed a sponge like morphology with average size of 49.03 pm
for the spheroids and 105.00 um for the rod. The difference in morphology of the co-crystal
and that of the co-formers indicates that co-crystallization has taken place between the
KClOsandNH4NO; thereby proving a phase change has occurred which is in agreement with
the works of Han et al., (2017); Zalte and Saudazar, 2021), where they co-crystallize a high
energetic material of 2,4,8,10,12- hexanitro-2,4,6,10,12- hexaazaisowurtzitane (CL-20) and an
oxidant ammonium per chlorate.

Co-crystal Co-crystal
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CONCLUSION

The co-crystallization of potassium chlorate and ammonium nitrate leads to new compounds
with significantly improved thermal and structural properties. The 1:1 co-crystal showed a
transition at 122.35 °C and decomposition at 337.6 °C, while the 2:1 also showed transition at
275.5 °C, which form exhibited enhanced stability with decomposition at 400.7 °C higher than
the 1:1. XRD patterns confirmed the creation of new phases. Likewise the SEM image indicates
differences in the morphology of the co-crystal and that of the single component of KCIO; and
NHiNOsthese improvements suggest co-crystallization as a promising technique for
optimizing oxidizers in energetic materials.
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