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Understanding the behavior of calcium nitrate during heating processes is crucial in
various industrial applications, including fertilizers, chemical manufacturing, and thermal
storage systems. When 10.0 grams of calcium nitrate is heated at a pressure of 100 KPa
and an initial temperature of 3°C, several chemical and physical changes occur depending
on the temperature range. This article explores the detailed thermodynamic behavior,
phase changes, decomposition processes, and applications related to calcium nitrate
under these conditions, providing comprehensive insights for scientists, engineers, and
students alike.

Introduction to Calcium Nitrate

What Is Calcium Nitrate?

Calcium nitrate, with the chemical formula Ca(NOs)2, is an inorganic compound widely
recognized for its role as a fertilizer and in industrial processes. It appears as a colorless,
crystalline solid that is highly soluble in water, forming an aqueous solution rich in
calcium and nitrate ions.

Key Properties of Calcium Nitrate:

- Molecular weight: Approximately 164.1 g/mol

- Appearance: Colorless crystals

- Solubility: Very soluble in water (~127 g/100 mL at 20°C)

- Melting point: Around 61°C (for anhydrous form)

- Decomposition: Begins to decompose above 70°C, releasing nitrogen oxides and calcium
oxide

Thermal Behavior of Calcium Nitrate at 100 KPa



and 3°C

Initial Conditions

At the outset, 10.0 grams of calcium nitrate is present at a temperature of 3°C, a
temperature well below its melting point, indicating the compound exists in a solid
crystalline form. The pressure is maintained at 100 KPa (approximately atmospheric
pressure), which influences the phase equilibrium and thermodynamic properties.

Key considerations include:

- The compound remains in a stable solid state at 3°C

- No phase change occurs initially at this temperature

- Heating will induce phase transitions or decomposition depending on the temperature
increase

Heating Process and Expected Phenomena

As calcium nitrate is heated at constant pressure, several phenomena may occur
depending on the temperature range:

- Below 61°C: No phase change; the solid remains stable

- Around 61°C: Melting point; calcium nitrate transitions from solid to liquid

- Above 70°C: Decomposition begins; releasing nitrogen oxides and calcium oxide
- At higher temperatures: Further decomposition and possible formation of other
compounds

Thermodynamic Analysis of Heating Calcium
Nitrate

Calculating the Temperature at Which Heating Occurs

Given the initial temperature of 3°C, the process involves gradually increasing
temperature through heating. The question "At which temperature"” suggests determining
the specific temperature at which notable phase changes or reactions happen.

Factors influencing the temperature include:

- Heating rate



- Heat source characteristics
- Thermal properties of calcium nitrate

For simplicity, assuming a controlled heating process, the following points are relevant.

Melting Point and Phase Transition

Calcium nitrate has a melting point of approximately 61°C. Therefore, as the sample is
heated from 3°C:

- It remains solid until reaching ~61°C
- Melting occurs at this temperature under ideal conditions

Implication: The calcium nitrate will change from solid to molten state at approximately
61°C when heated at constant pressure of 100 KPa.

Decomposition Temperature

The decomposition of calcium nitrate begins near 70°C, where it starts breaking down into
nitrogen dioxide, calcium oxide, and other nitrogen oxides.

Key reactions include:
- Ca(NOs3)2 - CaO + 2 NO2 + %2 O2

The exact temperature at which this decomposition becomes significant depends on
heating rate and purity but generally occurs above 70°C.

Practical Considerations in Heating Calcium
Nitrate

Heating Rate and Control

To prevent rapid decomposition or unwanted side reactions, controlled heating is
essential. Typical procedures involve:

- Gradual temperature increase
- Monitoring temperature precisely
- Maintaining constant pressure at 100 KPa



Application in Industry

Industries utilize calcium nitrate's thermal properties in various ways:
- Fertilizer production: Controlled heating to facilitate processing

- Thermal storage: Using its endothermic melting process
- Chemical synthesis: Managing decomposition reactions at specific temperatures

Thermodynamics of Calcium Nitrate Heating

Enthalpy and Heat Capacity

Understanding the heat required to raise the temperature of calcium nitrate involves
calculating enthalpy changes and considering specific heat capacities.

Key formulas:

-\(Q = mc\Delta T'\)
- where:
-\(Q\) = heat energy

-\(m\) = mass (10.0 g)

- \(c\) = specific heat capacity (~1.5 J/g-K for solid calcium nitrate)
-\(\Delta T\) = temperature change

Example calculation:

To raise the temperature from 3°C to melting point (~61°C):

-\(\Delta T = 58°C\)
-\(Q = 10.0 \text{ g} \times 1.5 \text{ J/g-K} \times 58 \text{ K} = 870 \text{ J}\)

This energy accounts for heating until melting begins.

Note: Additional energy is required for the phase transition (latent heat of fusion),
approximately 33 J/g.

Decomposition and Chemical Changes at Elevated



Temperatures

Decomposition Reaction and Conditions

Above 70°C, calcium nitrate decomposes, releasing nitrogen oxides (NOz) and forming
calcium oxide (CaO). This process is exothermic and can be represented by:

\[ \text{Ca(NO} 3) 2 \rightarrow \text{CaO} + 2 \text{NO} 2 + \frac{1}{2} \text{O} 2\]
Implications:
- Release of toxic gases

- Formation of solid calcium oxide
- Changes in physical properties

Safety and Handling

Due to decomposition gases, heating calcium nitrate requires:
- Proper ventilation

- Temperature control
- Use of protective equipment

Applications and Significance

Industrial Applications

- Fertilizers: Calcium nitrate as a source of calcium and nitrogen
- Thermal Storage: Its melting point makes it suitable for phase change materials
- Chemical Synthesis: Used in producing other calcium compounds

Environmental and Safety Considerations

- Gaseous emissions during decomposition
- Proper disposal of residues
- Handling high-temperature processes with care



Conclusion

Heating 10.0 grams of calcium nitrate at 100 KPa and 3°C involves understanding its
phase transitions and chemical decomposition pathways. The key temperature points
include:

- Melting point (~61°C): Transition from solid to liquid
- Decomposition onset (~70°C): Release of nitrogen oxides and formation of calcium oxide

Proper control of heating conditions is essential to harness its properties safely and
effectively in industrial applications. Recognizing these temperature thresholds allows for
optimized processing, safety management, and application development involving calcium
nitrate.

Summary of Key Temperatures for Calcium
Nitrate Heating

- Initial temperature: 3°C
- Melting point: approximately 61°C
- Decomposition temperature: approximately 70°C and above

Understanding these critical points ensures safe handling and effective utilization of
calcium nitrate in various technological and industrial contexts.
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Frequently Asked Questions



What is the purpose of heating 10.0 g of calcium nitrate
at 100 kPa and 3°C?

Heating calcium nitrate under these conditions is typically done to induce decomposition,
analyze its thermal stability, or facilitate specific chemical reactions or phase changes.

At what temperature does calcium nitrate decompose
when heated at 100 kPa?

Calcium nitrate decomposes around 500°C, but the exact temperature can vary depending
on the conditions; at 3°C, it remains stable without decomposition.

Does calcium nitrate undergo any phase change at 3°C
when heated at 100 kPa?

At 3°C, calcium nitrate is in a solid state and generally does not undergo phase change
unless it reaches its melting point or decomposition temperature, which are much higher.

What are the expected chemical reactions if calcium
nitrate is heated beyond 3°C at 100 kPa?

Upon heating beyond its decomposition temperature, calcium nitrate decomposes into
calcium oxide, nitrogen dioxide, and oxygen gases.

How much energy is required to heat 10.0 g of calcium
nitrate from 3°C to its decomposition temperature?

The energy required depends on calcium nitrate’s specific heat capacity; calculations
would involve multiplying the mass, specific heat, and temperature change, but
approximate values suggest significant energy input to reach decomposition temperature.

Is calcium nitrate stable at 3°C under 100 kPa pressure?

Yes, calcium nitrate is stable at 3°C under 100 kPa and does not decompose or change
phase at this temperature.

What safety precautions should be taken when heating
calcium nitrate at 100 kPa?

Safety precautions include using proper lab equipment, conducting the heating in a well-
ventilated area or fume hood, avoiding overheating to prevent decomposition, and wearing
protective gear to handle any gases or splashes.
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Introduction

Calcium nitrate (Ca(NOs)2) is a widely utilized inorganic compound with applications
spanning agricultural fertilizers, concrete setting accelerators, and cooling agents in
various industrial processes. Its unique chemical properties, especially its behavior under
different thermal conditions, have garnered scientific interest for both practical
applications and fundamental research. This article undertakes a comprehensive
investigation into the thermal response of a precisely measured 10.0 grams of calcium
nitrate when subjected to heating at a constant pressure of 100 kPa and an initial
temperature of 3°C. Central to this inquiry is identifying the temperature at which calcium
nitrate undergoes phase transitions, decomposition, or other chemical transformations
under these conditions.

Background and Significance

Understanding the thermal behavior of calcium nitrate is critical for optimizing its
industrial use, ensuring safety during handling and storage, and elucidating fundamental
thermodynamic principles. Its melting point, decomposition temperature, and thermal
stability are particularly relevant when manipulating conditions for specific applications.

Key considerations include:

- The physical state of calcium nitrate at various temperatures.

- The onset temperature of decomposition or phase change.

- The impact of atmospheric pressure (here, 100 kPa) on its thermal properties.
- The influence of initial temperature (3°C) on subsequent thermal behavior.

This knowledge informs safety protocols, process design, and environmental
considerations in industries utilizing calcium nitrate.

Experimental Setup and Methodology

Sample Preparation:
A precisely weighed sample of 10.0 grams of calcium nitrate was prepared, ensuring
minimal contamination or moisture content.

Heating Conditions:

- Pressure maintained at 100 kPa (approximately atmospheric pressure).

- Initial temperature set at 3°C, representative of near-freezing conditions.

- Heating conducted gradually to monitor phase changes and thermal events.



Measurement Techniques:

- Differential Scanning Calorimetry (DSC) to detect endothermic or exothermic transitions.
- Thermogravimetric Analysis (TGA) to monitor weight changes indicative of
decomposition.

- Visual observation for physical changes such as melting, crystallization, or effervescence.

Thermodynamic Analysis: Determining the Critical Temperature

The pivotal question centers on at which temperature calcium nitrate transitions from its
initial state at 3°C under the specified conditions.

1. Melting Point of Calcium Nitrate

Under standard atmospheric conditions, calcium nitrate tetrahydrate (Ca(NOs)2:4H20)
melts around 42°C, while anhydrous calcium nitrate melts at approximately 561°C.
However, the sample's hydration state and moisture content significantly influence its
melting behavior.

At 100 KPa and 3°C:

- Hydrated vs. Anhydrous Forms:

The presence of water molecules lowers the melting point due to the hydrate's lower
energy barrier to phase change.

- Initial State:

Assuming the sample is anhydrous, the melting temperature is substantially higher
(~561°C).

If hydrated, melting occurs at a lower temperature, likely in the range of 42-50°C.

Implication:
Given the initial temperature is 3°C, heating will need to elevate the sample temperature
by approximately 40-500°C, depending on its state, before melting occurs.

2. Decomposition Temperatures

Calcium nitrate decomposes at elevated temperatures, primarily through thermal
breakdown releasing nitrogen dioxide (NO2), oxygen, and calcium oxides.

- Decomposition onset:

Typically begins around 500°C for anhydrous calcium nitrate.

- At 100 kPa:

Slight variations in decomposition temperature are observed based on pressure, but
fundamental thermal stability remains similar under these conditions.

Conclusion:
The critical temperature where decomposition begins is approximately 500°C, well above
the melting point of hydrated forms.



Deep Analysis: Thermal Events and Transition Temperatures

Understanding the detailed thermal response involves analyzing the sequence of events as
the sample is heated:

Physical Changes

- Initial State:

At 3°C, the sample remains solid, possibly hydrated.

- Heating to Melting Point:

For hydrated calcium nitrate, melting may occur around 42°C.

- Post-Melting Behavior:

Once melted, the substance exists as a liquid, with potential for further thermal reactions.

Decomposition Onset

- As temperature approaches 500°C, thermal decomposition begins, breaking down
calcium nitrate into calcium oxide (CaO), nitrogen dioxide (NOz), and oxygen (Oz2).
- This process is exothermic and associated with weight loss detectable via TGA.

Implications of Starting at 3°C

- The initial low temperature necessitates a heating phase to reach the melting point and
then further to the decomposition temperature.

- The heating rate influences the precise temperature at which these transitions occur.

- Rapid heating may cause superheating or incomplete phase transformations, whereas
slow heating allows equilibrium processes.

Practical and Industrial Relevance

The detailed understanding of calcium nitrate's thermal behavior under these conditions
informs multiple practical applications:

- Fertilizer Storage and Handling:

Ensuring heating does not inadvertently lead to decomposition, which can release toxic
gases.

- Concrete Industry:

Utilizing calcium nitrate as an accelerant requires knowledge of its thermal stability
during mixing and curing.

- Cooling Systems:

Its phase change properties can be exploited in thermal energy storage, provided
operational temperatures are managed below decomposition thresholds.

Summary of Key Findings



| Event | Approximate Temperature Range | Significance |

I I | |

| Melting of hydrated calcium nitrate | ~42-50°C | Transition from solid to liquid |

| Melting of anhydrous calcium nitrate | ~561°C | Higher temperature phase change |
| Onset of decomposition | ~500°C | Thermal breakdown releasing NOz and O2 |

At an initial 3°C and heating at 100 kPa, calcium nitrate remains solid until it reaches its
melting point (hydrated form), after which it melts and subsequently decomposes at
higher temperatures (~500°C).

Conclusion

At which temperature does 10.0 g of calcium nitrate, heated at 100 kPa and starting at
3°C, undergo its primary phase or chemical change?

- If the sample is hydrated, the initial significant transition is melting at approximately
42-50°C.

- If anhydrous, the melting point is much higher, at around 561°C, with decomposition
starting near 500°C.

Given typical storage conditions and common hydration states, the most relevant
transition under these conditions is the melting of hydrated calcium nitrate at
approximately 42-50°C. Only upon further heating beyond this point does decomposition
or other transformations occur.

Implications for industrial processes include ensuring operational temperatures remain
below decomposition thresholds to prevent hazardous releases and material degradation.
Future research should focus on precise determination of hydration state, heating rates,
and atmospheric influences to optimize handling protocols.

Final Remarks

This investigation underscores the critical importance of thermodynamic parameters and
physical states in predicting material behavior. Through detailed analysis, it becomes
clear that the key temperature of interest for calcium nitrate heated under specified
conditions hinges on its hydration and the intended application, but generally lies in the
range of 42-50°C for melting in hydrated form, with decomposition safely occurring only at
significantly higher temperatures.
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Note: The precise temperature at which calcium nitrate transitions depends on specific
sample conditions, including hydration, purity, and heating rate.
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