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1. ABSTRACT  

 

Water chemistry plays a critical role in ensuring the efficiency, safety, and longevity of 

power plant operations, particularly in supercritical boilers used in modern thermal power 

plants like NTPC Sipat Super Thermal Power Station. Supercritical boilers operate at high 

temperatures and pressures, necessitating stringent water quality to prevent corrosion, 

scaling, and fouling in boiler tubes and turbine system. This report explores the significance 

of maintaining the key parameters of water such as pH, dissolved oxygen, and conductivity 

to enhance thermal efficiency downtime. Emphasis is placed on the unique challenges 

posed by supercritical boiler systems, including the need of ultra-pure water to withstand 

extreme operating conditions and implementation of advanced treatment process like AVT 

(All Volatile Treatment), OT (Oxygenated Treatment), Phosphate Treatment, 

demineralisation and chemical dosing. By analysing the water chemistry practises at NTPC 

Sipat, which sources water from the Hasdeo River, this study highlights the critical 

relationship between water quality and operational performance, underscoring the 

importance of robust water management strategies in achieving sustainable and efficient 

power generation. 
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ABSTRACT 

 

 
The rapid growth of the global population and ongoing socioeconomic development have 

significantly increased worldwide energy demands, leading to a surge in fossil fuel usage 

and a consequential rise in greenhouse gas emissions. These emissions, primarily 

composed of stable and hazardous gases like CO₂ and CH₄, are major contributors to 

pressing environmental problems such as global warming, unpredictable weather 

patterns, and the loss of biodiversity. In response to these challenges, the dry reforming 

of methane (DRM) presents a promising strategy by converting greenhouse gases into 

valuable syngas. However, DRM’s highly endothermic nature and tendency for side 

reactions pose considerable catalytic challenges.  

 

This study investigates the performance of a nickel-based catalyst supported on a ceria–

magnesia (CeO₂-MgO) mixed oxide for the DRM process. The catalyst, containing 15 

wt% Ni, was synthesized via coprecipitation of the support and subsequent impregnation 

of nickel. Ammonia was used as the precipitating agent for the support preparation. The 

resulting catalyst was thoroughly characterized using X-ray diffraction (XRD), and BET 

surface area analysis. Our findings focus on how the combined use of CeO₂ and MgO as 

support materials enhances the catalyst's performance, specifically at lower DRM reaction 

temperatures, offering a viable approach to efficient syngas production while addressing 

environmental concerns related to greenhouse gas emissions. 
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ABSTRACT 

 

The rapid growth of the global population and ongoing socioeconomic development have 

significantly increased worldwide energy demands, leading to a surge in fossil fuel usage and 

a consequential rise in greenhouse gas emissions. These emissions, primarily composed of 

stable and hazardous gases like CO₂ and CH₄, are major contributors to pressing environmental 

problems such as global warming, unpredictable weather patterns, and the loss of biodiversity. 

In response to these challenges, the dry reforming of methane (DRM) presents a promising 

strategy by converting greenhouse gases into valuable syngas. However, DRM’s highly 

endothermic nature and tendency for side reactions pose considerable catalytic challenges. 

 

This study investigates the performance of a nickel-based catalyst supported on a ceria–

magnesia (CeO₂-MgO) mixed oxide for the DRM process. The catalyst, containing 15 wt% Ni, 

was synthesized via coprecipitation of the support and subsequent impregnation of nickel. 

Ammonia was used as the precipitating agent for the support preparation. The resulting catalyst 

was thoroughly characterized using X-ray diffraction (XRD), and BET surface area analysis. 

Our findings focus on how the combined use of CeO₂ and MgO as support materials enhances 

the catalyst's performance, specifically at lower DRM reaction temperatures, offering a viable 

approach to efficient syngas production while addressing environmental concerns related to 

greenhouse gas emissions. 
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ABSTRACT 

 
Distillation is one of the most widely used separation processes in the chemical and petrochemical 

industries for the purification and separation of liquid mixtures based on differences in volatilities. 

The design and simulation of a distillation column require a strong understanding of 

thermodynamics, mass transfer, and process design principles. This report presents a detailed study 

on the design and simulation of a binary distillation column using MATLAB, with a particular focus 

on the graphical McCabe-Thiele method and stage-by-stage analysis. 

The main objective of this internship project was to develop a MATLAB-based tool capable of 

calculating the number of theoretical stages, locating the feed stage, and generating the McCabe-

Thiele diagram for a given set of input parameters such as distillate composition, bottoms 

composition, feed condition (q), relative volatility, and reflux ratio. MATLAB was selected due to 

its powerful computational capabilities, rich plotting functions, and ability to build customizable 

GUIs for user interactivity. 

The code developed performs equilibrium calculations using relative volatility and constructs both 

the rectifying and stripping operating lines. The feed condition is represented through the q-line, and 

the intersection point of these lines determines the feed stage. A staircase construction method is 

implemented to calculate and visualize the number of ideal stages required to achieve the desired 

separation. Additionally, a Graphical User Interface (GUI) was created using MATLAB's App 

Designer, enabling users to input parameters dynamically and view the resulting simulation 

interactively. 

Simulation results demonstrate that the number of theoretical stages is significantly influenced by 

the relative volatility, feed composition, and reflux ratio. The McCabe-Thiele diagram produced 

provides clear insight into how changes in design parameters affect the column performance. The 

GUI enhances the learning experience by simplifying interaction with complex calculations and 

improving visualization. 

This project not only reinforces fundamental concepts of distillation but also highlights the versatility 

of MATLAB as a tool for process design, simulation, and educational purposes. Looking ahead, the 

scope of MATLAB in process engineering continues to grow with integration into digital twin 

systems, real-time optimization, and AI-driven control strategies. This work serves as a foundation 

for future exploration of more complex multicomponent distillation systems, dynamic simulations, 

and integration with industrial simulation platforms. 
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