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Abstract: An adiabatic process is one that occurs without transfer of heat or matter between a thermodynamic 

system and its surroundings. Chemical reaction engineering deals with determining kinetics, mechanism and 

rates of the reactions. The reactions are classified as heterogeneous and homogeneous. Heterogeneous 

reactions are either catalytic or non-catalytic. Catalytic reactions are very important and are mainly used in 

petroleum and petrochemical industries. Current review summarizes research and studies on non-isothermal 

processes and reactions. 

Keywords: Heat effects, temperature, diffusion, catalysis, degradation, mechanism. 

 

1. INTRODUCTION 

Temperature remains constant in isothermal process. An adiabatic process is one that occurs without 

transfer of heat or matter between a thermodynamic system and its surroundings. Chemical reaction 

engineering deals with determining kinetics, mechanism and rates of the reactions. The reactions are 

classified as heterogeneous and homogeneous. Heterogeneous reactions are either catalytic or non-

catalytic. Catalytic reactions are very important and are mainly used in petroleum and petrochemical 

industries[1-4].Reactive adsorption is evolving field in catalyst applications[5-7].Recovery of flue 

gases involves heterogeneous reactions. Coal desulphurization includes many heterogeneous catalytic 

reactions with temperature effects [8-12]. In isothermal reactors, we need energy balance to calculate 

heat duty. In non-isothermal reactors heat effects are more important. Current review summarizes 

research and studies on non-isothermal processes and reactions. 

2. NON ISOTHERMAL PROCESSES AND REACTIONS- RESEARCH AND INVESTIGATIONS 

Georgieva et. al. investigated non-isothermal kinetics of thermal degradation of Chitosan [13]. 

According to them, Chitosan is the second most abundant nitrogen containing biopolymer in nature. It 

finds application in biotechnology, biomedicine, food industries, and cosmetics. It absorbs a number 

of metal ions as its amino groups. According to the literature, hydroxyl, carboxyl, sulfate, phosphate, 

and amino groups on the Chitosan are responsible for metal binding and sorption of dyes and 

pigments. According to their studies, the selection of proper mechanism for the process is important 

factor in obtaining proper results. They observed that Chitosan has excellent properties such as 

hydrophilicity, biocompatibility, biodegradability, antibacterial, non-toxicity, adsorption application. 

Lim and Chew found that considerable variation exists in the kinetics constants for wood pyrolysis 

[14].They studied compensation effect to seek a logical explanation for the observed variations of the 

apparently large and differed values of activation energy and pre-exponential factors. They analyzed 

the transition kinetics for exothermic transition using differential scanning calorimetry (DSC). Ramli 

carried out investigation on modeling and control for composition of non-isothermal CSTR by using 

fuzzy [15]. It was shown that by using the fuzzy logic controller, there was a small integral absolute 

error. According to their results, the fuzzy logic gives the most favorable results. They concluded that 

it gives benefits in the development of industrial process control system. Khachani et.al.  determined 

the non-isothermal kinetics of dehydroxylation of Ca(OH) 2[16]. They carried out investigation in 

dynamic helium atmosphere using TG, DTG, DTA and XRD techniques at different heating rates. 

According to their results, dehydroxylation process occurred predominantly by an irreversible major 

step. They established the appropriate reaction model characterizing the process by applying the 
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Malek’s procedure. Saad et.al. developed an improved computational method for non-isothermal resin 

transfer molding simulation [17]. In their research they developed an improved computational 

approach based on finite element method coupled with control volume approach. They proposed a 

model which provided smoother flow fronts and reduced the error in the pressure and temperature 

pattern that plagued the conventional fixed grid methods. 

Zarateet.al. carried out investigation on non-isothermal reaction-diffusion systems[18].They 

considered a simple reaction-diffusion system, namely a binary fluid mixture with an association-

dissociation reaction. They studied fluctuations at hydrodynamic spatiotemporal scales due to a 

temperature gradient. Also they reviewed fluctuating hydrodynamics when the system was in global 

equilibrium. They predicted an enhancement of the intensity of concentration fluctuations in the 

presence of a temperature gradient. According to them, non-equilibrium fluctuations may be a good 

motivation to perform this very large-scale molecular simulations. Ke et.al. studied non-isothermal 

kinetics of styrene butadiene styrene asphalt combustion[19]. According to them, the combustion 

process of SBS asphalt can be divided by Gaussian peak fitting into three main stages: oil content 

release, resin pyrolysis, and asphalting and char combustion. They observed that the sphere phase 

boundary reaction model, the second order chemical reaction model, nucleation, and its subsequent 

growth model explained the three stages of asphalt combustion. Georgieva et.al. Studied non-

isothermal degradation kinetics of CaCO3 [20].They carried out investigation on two varieties of 

calcium carbonate, namely, analytical reagent-grade and in situ product from thermal degradation of 

calcium oxalate monohydrate. They found that the results were dependent on the selection of proper 

mechanism function for the process. According to them, the isoconversion calculation procedure was 

more appropriate. 

Maitra et.al. studied kinetics of non-isothermal decomposition for magnesite[21].They used thermo-

gravimetric analysis under non-isothermal condition. They analyzed different kinetic functions with 

the experimental data to ascertain the decomposition mechanism of magnesium carbonate. They 

found that the decomposition reaction followed a contracting sphere kinetic mechanism. Antonelli and 

Astolfi investigated methodologies and tools from Lyapunov theory in the design of bounded control 

laws [22]. They used these laws for the temperature stabilization of a class of continuous stirred tank 

reactors with exothermic or endothermic reactions. They observed that these controllers yielded 

global asymptotic stability. They do not require precise knowledge of the system parameters. Reza 

and Ali carried out an investigation on kinetic aspects of non-isothermal oxidation of 

molybdenite[23]. They studied kinetic analysis of the reaction. They found that the rate of the reaction 

of molybdenite oxidation was rate determining step. In chemically controlled regime, the popular 

model-fitting indicated excellent fit for non-isothermal data. Mallik and Rout investigated the growth 

kinetics of low temperature sono-electrochemically deposited Cu thin films [24]. The studies were 

carried out under non-isothermal conditions. They used a differential scanning calorimetric (DSC) 

technique in their investigation. They found that, as film temperature was reduced, there was a 

transition from abnormal growth to normal growth. Hoang et.al. derived nonlinear control laws for the 

stabilization of a large class of CSTRs[25].In their investigation, they considered a liquid mixture 

with constant volume. There was the constraint on the volume. It was insured by perfect regulation of 

the outlet flow of the CSTR. It was shown by them that the availability function can be split into two 

parts.  According to them, one corresponds to the mixing term and depends on mole numbers only and 

the other depends on both temperature and mole numbers. Joraid et.al. Performed differential 

scanning calorimetry (DSC) under nonisothermal conditions at various heating rates [26].They carried 

out studies for glassy Se made by high-energy ball milling. In their investigation, they compared three 

methods namely the ball milling technique and the melt-quenching and thin-film techniques. They 

calculated thermal stability of the Se glasses by calculation of the temperature difference (Tc−Tg) and 

the S-parameter. Their investigations indicated that the glasses formed using the thin film technique 

were the most stable.  

Jian-he et.al. investigated non-isothermal decomposition kinetics of LiClO4 in flow N2 

atmosphere[27]. They considered the activation energies calculated with the Friedman method as the 

initial values and carried out non-linear regression. The values of activation energies calculated from 

the isothermal method were in agreement with kinetic data. Sediawan and Megawati used Monte 

Carlo simulation to study non-isothermal acid hydrolysis of lignocellulosic material in ethanol 

production [28]. According to them, high temperature hydrolysis is one of important steps to produce 

lignocellulosic ethanol. They explored the possibility of use of Monte Carlo simulation to deeply 
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study the progress of non-isothermal hydrolysis. They compared these results with the simulation 

results obtained from kinetics. They obtained good agreement between results. Jamili-Shirvan et.al. 

investigated thermal behavior and non-isothermal crystallization [29].They carried out studies for 

bulk metallic glass. Scanning calorimetry method was used by them for the analysis. At lower heating 

rates four exothermic and three endothermic peaks were observed by them. 

Xu and Pruess investigated non-isothermal fluid flow and reactive geochemical transport in variably 

saturated fractured rocks [30]. They presented methods for modeling geochemical systems. In their 

paper, Talkner et.al. described a Gaussian binary collision theory[31]. It included all three aspects 

namely radioactive decay, nonradioactive decay and relaxation. Also they presented an analytic 

solution for the Gaussian master equation. They observed that pressure induced decay is an 

experimental signature of an initial cold distribution of reactants. In their investigation, Gupta et.al. 

presenteda non-isothermal model for the fluid catalytic cracking riser reactor [32].They used the 

difference in the heats of combustion of products and reactants for calculating heat of cracking. They 

used Lee-Kessler’s correlations for estimating heat capacities of product and reactant pseudo-

components as a function of local temperature. They also incorporated the effect of local temperature 

on the kinetic constants. They concluded that the proposed model was capable of predicting the 

products’ yields, velocities of cluster phase and gas phase, riser temperature, and heat of cracking. 

3. CONCLUSION 

Chemical reaction engineering deals with determining kinetics, mechanism and rates of the reactions. 

The reactions are classified as heterogeneous and homogeneous. Heterogeneous reactions are either 

catalytic or non-catalytic. Catalytic reactions are very important and are mainly used in petroleum and 

petrochemical industries. Reactive adsorption is evolving field in catalyst applications. Recovery of 

flue gases involves heterogeneous reactions. Coal desulphurization includes many heterogeneous 

catalytic reactions with temperature effects. In isothermal reactors, we need energy balance to 

calculate heat duty. In non-isothermal reactors heat effects are more important. 
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