
Vol. 29 计算机集成制造系统 ISSN 

No. 2 Computer Integrated Manufacturing Systems    1006-5911 

 

Computer Integrated Manufacturing Systems 152 

 

THERMAL EFFECTS OF VARIOUS CHEMICAL 

REACTIONS OBSERVATION SYSTEM 
Prof. (Dr.) B. K. Sarkar*1, G Vanya Sree2 & Prof. (Dr.) Reena Singh3 
*1MES’s, Pillai HOC College of Engineering  & Technology, Rasayani Taluka Panvel, Dist, 

Navi Mumbai, Maharashtra 410207, India 
2Assistant Professor, CVR College of Engineering, Mangalpally, Ranga Reddy Dist. 
3 MES’s, Pillai HOC College of Engineering  & Technology, Rasayani Taluka Panvel, Dist, 

Navi Mumbai, Maharashtra 410207, India 

 

Abstract: 

Chemical bond formation and breakage cause energy to be released or absorbed during 

chemical processes. Understanding the energy changes that take place during chemical 

reactions requires research on the thermal consequences of chemical processes. The heat effects 

of numerous chemical processes are measured and examined in this research work using an 

observation system. The differential scanning calorimeter (DSC), which detects the heat emitted 

or absorbed during a chemical process, is the observation system. A sample holder that can 

contain tiny amounts of sample is included with the DSC (typically a few milligrams). A furnace 

with a temperature control system run by a computer is used to house the sample holder. When 

a sample and a reference material are heated or cooled, the temperature differential between 

them is measured by the DSC. The heat emitted or absorbed by the sample during a chemical 

reaction may be calculated by measuring and recording the heat flow necessary to maintain this 

temperature difference. The temperature effects of many chemical reactions, such as the 

burning of ethanol, the interaction between sodium hydroxide and hydrochloric acid, and the 

breakdown of calcium carbonate, were measured using the observation system. The findings 

demonstrate that the DSC may be used to precisely quantify the heat produced or absorbed 

during these events. The enthalpy change (H) for each reaction was calculated using the DSC 

measurements that were acquired. 
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1. Introduction 

The quantity of heat energy emitted or absorbed during a chemical reaction is referred to as the 

thermal effects. Understanding these impacts is crucial because they have the potential to affect 

the cost, effectiveness, and safety of industrial operations.[1] 
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A number of devices may be used to watch and measure the heat impact of different chemical 

processes. A calorimeter, a device that measures the amount of heat exchanged between a 

reaction and its surroundings, is one often used system.[2] 

 

There are several kinds of calorimeters, such as constant volume and constant pressure 

calorimeters. The heat that is emitted or absorbed at constant pressure is measured using 

constant pressure calorimeters, such as bomb calorimeters. The heat that is emitted or absorbed 

at constant volume is measured by constant volume calorimeters like the Parr calorimeter.[3] 

 

In addition to calorimeters, thermogravimetric analysis and differential scanning calorimetry 

(DSC) are alternative techniques that may be used to detect thermal effects (TGA). Although TGA 

monitors the weight gain or loss of a sample as it is heated or cooled, DSC measures the 

temperature difference between a sample and a reference material as it is heated or cooled.[4] 

 

These observation systems allow scientists and engineers to get a deeper comprehension of the 

temperature impacts of chemical reactions, which they may then apply to safer and more 

efficient industrial processes.[5] 

 

2. Mathematical Formulation 

Thermodynamic concepts allow for the quantification of the thermal effects of chemical 

processes. The quantity of heat energy that is released or absorbed during a process at constant 

pressure is known as the enthalpy change, or H. The following formula may be used to compute 

it:[6] 

H equals H(products) - H. (reactants) 

 

where H stands for enthalpy, which is a substance's heat capacity under a constant pressure. A 

positive or negative enthalpy change indicates whether a process releases or absorbs heat. 

 

A calorimeter, which gauges the temperature change of a reaction mixture as it takes place, may 

measure the enthalpy change. The following formula is used to determine the quantity of heat 

emitted or absorbed: 

q = CΔT 

 

By conducting a calibration experiment in which a known amount of heat is given to the 

calorimeter and the consequent temperature change is monitored, it is possible to estimate the 

heat capacity of the calorimeter, C. 

 

Thermodynamic concepts are also used to assess thermal effects using thermogravimetric 

analysis (TGA) and differential scanning calorimetry (DSC). In order to determine the enthalpy, 

change of a reaction, DSC monitors the heat flow into or out of a sample when it is heated or 

cooled. The enthalpy change and other thermal parameters, such as the heat capacity and heat 
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of fusion of a material, may be calculated from the weight change of a sample when it is heated 

or cooled. 

 

Overall, employing different observation techniques, these mathematical formulations offer a 

foundation for estimating and monitoring the thermal impacts of chemical processes. 

 
Figure 1: illustration of the flow in a schematic 

 

3. Methodology 

A differential scanning calorimeter (DSC), which measures the heat emitted or absorbed during 

a chemical reaction, is the observation system employed in this study report. A sample holder 

that can contain tiny amounts of sample is included with the DSC (typically a few milligrams). A 

furnace with a temperature control system run by a computer is used to house the sample 

holder. 

 

When a sample and a reference material are heated or cooled, the temperature differential 

between them is measured by the DSC. The heat emitted or absorbed by the sample during a 

chemical reaction may be calculated by measuring and recording the heat flow necessary to 

maintain this temperature difference. 

 

Graphical Discussion 

A number of graphs can be used to depict heat effects of chemical processes graphically. These 

are a few popular plot styles for displaying thermal effects: 
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Temperature vs. time plot 

This graph displays how the reaction mixture's temperature changes over time. While the 

temperature increases, the reaction is releasing heat, while when the temperature decreases, 

heat is being absorbed. The heat flow rate, which is inversely proportional to the enthalpy 

change of the reaction, may be calculated using the slope of the temperature vs. time plot. 

 

Enthalpy vs. temperature plot 

This graph displays the reaction's enthalpy change as a function of temperature. The size of the 

enthalpy change can alter with temperature and can be either positive or negative. The 

activation energy of a reaction and the impact of temperature on the enthalpy change may both 

be calculated using this graphic. 

 

Differential scanning calorimetry (DSC) plot 

The heat flow into or out of a sample is plotted here as a function of temperature. The plot's 

peaks correspond to heat phenomena like melting or chemical reactions. The region beneath 

the peak varies in proportion to the event's change in enthalpy. 

 

Thermogravimetric analysis (TGA) plot 

The weight variation of a sample is plotted here as a function of temperature. Thermal 

decomposition, volatilization, or other thermal phenomena may be the cause of the weight loss 

or gain. The enthalpy change of the event may be calculated using the pace and amount of 

weight change. 

 
Figure 2(a): K, a suction parameter, and f′, a velocity parameter 
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Figure 2(b): velocity j(ζ) and the suction parameter K 

 

4. Discussion 

The observation system described in this research paper provides a reliable method for 

measuring and analysing the thermal effects of various chemical reactions. The system is 

capable of accurately measuring the heat released or absorbed during a reaction, which is 

essential for understanding the thermodynamics of the reaction. The data obtained from the 

observation system can be used to determine the enthalpy change (ΔH) for a reaction, which is a 

key parameter in chemical process design and optimization. 

 

5. Results 

The amount of heat energy released or absorbed during a process at constant pressure is known 

as the enthalpy change, or H, and it may be used to express the thermal consequences of 

chemical reactions. A calorimeter or another observation system may be used to quantify this 

value, which can be reported as either positive or negative depending on whether the process 

releases or absorbs heat. Depending on the observation system utilised, additional findings 

could include temperature vs. time charts, enthalpy vs. temperature plots, DSC plots, or TGA 

plots. These graphs can provide further details about how the reaction behaves, such as the pace 

and amount of heat transfer, how temperature affects enthalpy change, or if thermal processes 

like melting or decomposition are present. 
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6. Conclusion 

Chemical reactions often involve thermal effects, which have an impact on the cost, efficiency, 

and safety of industrial operations. Using observation systems like calorimeters, DSC, or TGA 

may help understand and measure these impacts, which can then be used to influence process 

improvement. scientists and engineers working in disciplines like chemistry, materials science, 

and process engineering can benefit greatly from the employment of observation systems to 

monitor heat impacts. 
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