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1. Title: Advanced Thorium-Based Nuclear Energy System with AI-Enhanced Safety and 

Efficiency 

2. Prior Art 

3. Published Patents and Patent Applications 

• US Patent Application 20220223302 - "Modular Core Molten Salt Nuclear Reactor" 

o Summary: This application describes an innovative modular design for a molten 

salt nuclear reactor circuit. The design allows for individual, independent modules 

that can be assembled and removed without disassembling the entire reactor. Each 

module contains its own molten salt and nuclear material, enhancing safety and 

flexibility. 

o Relevance: Shares the modular design aspect with the new invention but does not 

incorporate thorium as a fuel or AI-enhanced safety systems. 

o Distinguishing Aspects: The new invention integrates thorium-based fuel and 

advanced AI safety mechanisms, which are not covered in this modular design 

patent (Justia Patents). 

• US Patent Application 20240203613 - "Molten Salt Nuclear Reactor, of Fast 

Neutron Type" 

o Summary: This application focuses on a molten salt nuclear reactor utilizing 

natural convection for the primary circuit. The design maximizes the volume of 

fuel salt and ensures safety through innovative heat exchanger and containment 

strategies. 
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o Relevance: Utilizes molten salt technology but focuses on fast neutron reactors 

and does not mention AI-enhanced safety systems or thorium fuel specifically. 

o Distinguishing Aspects: The new invention's use of AI for safety and control and 

its thorium-based molten salt reactor technology provide unique benefits not 

addressed by this patent (Justia Patents). 

4. Non-Patent Literature 

• "Thorium Fuel Cycle – Potential Benefits and Challenges" - Journal of Nuclear 

Science (2020) 

o Summary: This article explores the potential benefits of thorium fuel cycles, 

including lower waste production and increased safety. 

o Relevance: Provides a background on the advantages of thorium but does not 

cover specific reactor designs or AI integration. 

o Distinguishing Aspects: Supports the benefits of using thorium but does not 

address the specific technological advancements and integration present in the 

new invention. 

• "AI in Nuclear Reactor Safety" - Proceedings of the International Conference on 

Nuclear Engineering (2019) 

o Summary: Discusses the application of AI in enhancing the safety of nuclear 

reactors. 

o Relevance: Similar in the use of AI for safety but does not combine this with 

thorium-based reactors or modular designs. 
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o Distinguishing Aspects: The unique combination of AI safety systems with 

thorium molten salt reactor technology and modular construction is not covered in 

this literature. 

• "Modular Reactor Technologies for Future Energy Needs" - Energy Policy Journal 

(2021) 

o Summary: Analyzes the benefits and challenges of modular reactor technologies. 

o Relevance: Discusses modular reactor designs but does not focus on thorium or 

AI-enhanced safety systems. 

o Distinguishing Aspects: The integration of thorium fuel, AI-enhanced safety, and 

waste minimization within a modular reactor framework distinguishes the new 

invention. 

5. Detailed Analysis and Recommendations 

6. The prior art search has identified several relevant patents and non-patent literature that share 

some similarities with the new invention. However, key distinguishing aspects make the 

"Advanced Thorium-Based Nuclear Energy System with AI-Enhanced Safety and 

Efficiency" unique: 

• Integration of Thorium Fuel: 

o The new invention specifically utilizes thorium as the primary fuel in a molten 

salt configuration, which is not addressed in the same context by the identified 

prior art. This provides significant advantages in terms of safety, waste reduction, 

and fuel abundance. 

• AI-Enhanced Safety and Control Systems: 
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o While there are references to AI-enhanced safety systems, the new invention 

combines real-time monitoring, predictive maintenance, and automated safety 

controls tailored specifically for a thorium molten salt reactor. This integration 

offers a higher level of safety and operational efficiency. 

• Modular Reactor Design: 

o The modular design approach of the new invention allows for factory-built 

reactors that can be assembled on-site, reducing construction time and costs. This 

scalability and flexibility are not fully addressed in the prior art. 

• Advanced Heat Exchange and Cooling Systems: 

o The use of advanced materials like high-temperature alloys and graphene 

enhances the efficiency and durability of the heat exchange and cooling systems. 

This aspect is not covered by the identified prior art in the same innovative 

context. 

• Waste Minimization and Recycling: 

o The incorporation of waste minimization and recycling processes within the 

reactor system distinguishes the new invention by enhancing sustainability and 

reducing environmental impact. 

7. Conclusion 

8. The "Advanced Thorium-Based Nuclear Energy System with AI-Enhanced Safety and 

Efficiency" demonstrates significant advancements over the identified prior art through its 

innovative integration of thorium fuel, AI-enhanced safety systems, modular reactor design, 

advanced heat exchange materials, and waste minimization processes. These distinguishing 
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aspects provide a robust foundation for the novelty and non-obviousness of the invention, 

making it a strong candidate for patentability. 

9. Technical Field:  

10. The present invention relates to nuclear energy, specifically to a thorium-based nuclear 

energy system that leverages artificial intelligence for enhanced safety, efficiency, and cost-

effectiveness. 

11. Background of the Invention:  

12. Uranium has been the primary fuel for nuclear reactors, but it poses several challenges, 

including high costs, limited supply, and significant safety concerns. Thorium is a plausible 

alternative with abundant supply, lower waste production, and enhanced safety 

characteristics. However, existing thorium reactor designs have not fully realized these 

benefits. Advances in AI and reactor technology provide opportunities to develop a more 

efficient and safer thorium-based nuclear energy system. 

13. Summary of the Invention:  

14. The invention is an advanced thorium-based nuclear energy system that integrates AI-

enhanced safety mechanisms, modular reactor technology, and advanced materials to 

maximize efficiency and safety. The system comprises: 

• Thorium Molten Salt Reactor (TMSR): Utilizes thorium as the primary fuel in a 

molten salt configuration for higher efficiency and safety. 

• AI-Enhanced Safety and Control System: Employs AI for real-time monitoring, 

predictive maintenance, and automated safety controls. 
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• Modular Reactor Design: Features small, factory-built reactors that can be assembled 

on-site, reducing construction time and costs. 

• Advanced Heat Exchange and Cooling Systems: Uses advanced materials and designs 

to improve heat exchange efficiency and cooling. 

• Waste Minimization and Recycling Module: Incorporates processes for minimizing 

waste and recycling spent fuel. 

15. Brief Description of the Drawings 

16. Fig. 1 Advanced Thorium-Based Nuclear Energy System 

17. This figure illustrates the overall system architecture of the Advanced Thorium-Based 

Nuclear Energy System, highlighting the main components and their interconnections. 

18. Explanation of Each Element and Connections 

• Thorium Molten Salt Reactor (TMSR) (101): The TMSR is the core component of the 

system, utilizing thorium as the primary fuel in a molten salt configuration for higher 

efficiency and safety. This configuration operates at higher temperatures and lower 

pressures than traditional reactors, enhancing efficiency and safety. 

• AI-Enhanced Safety and Control System (102): The AI-Enhanced Safety and Control 

System monitors reactor operations in real-time, using machine learning algorithms to 

predict potential issues and optimize performance. It provides automated safety controls 

to quickly respond to any anomalies, ensuring the reactor remains safe and stable. 

o Solid Line: Indicates a direct connection to the TMSR for real-time monitoring and 

control. 
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• Modular Reactor Design (103): The Modular Reactor Design features small, factory-

built reactors that can be assembled on-site, reducing construction time and costs. This 

modular approach makes nuclear power more accessible and scalable. 

o Solid Line: Indicates a direct connection to the TMSR for efficient integration and 

scalability. 

• Advanced Heat Exchange and Cooling Systems (104): This system uses advanced 

materials such as high-temperature alloys and graphene for heat exchangers and cooling 

systems. These materials improve thermal conductivity and corrosion resistance, 

enhancing the overall efficiency and lifespan of the reactor. 

o Solid Line: Indicates a direct connection to the TMSR for efficient heat exchange 

and cooling. 

• Waste Minimization and Recycling Module (105): The Waste Minimization and 

Recycling Module incorporates processes for minimizing waste production and recycling 

spent fuel. This reduces the environmental impact and enhances the sustainability of the 

nuclear energy system. 

o Solid Line: Indicates a direct connection to the TMSR for efficient waste 

management and recycling. 

19. Fig. 2 Detailed View of the Thorium Molten Salt Reactor (TMSR) 

20. This figure provides a detailed view of the Thorium Molten Salt Reactor (TMSR), illustrating 

the key components and their interconnections within the reactor. 

21. Explanation of Each Element and Connections 



Inventor: Robert V. Salinas 

Title: Advanced Thorium-Based Nuclear Energy System with AI-Enhanced Safety and Efficiency 

 
 
 

 8 

• Reactor Core (201): The Reactor Core is the central component where the nuclear 

reaction occurs. It contains the fuel (thorium) dissolved in the molten salt mixture, 

facilitating the nuclear reaction at higher temperatures and lower pressures. 

• Molten Salt Mixture (202): The Molten Salt Mixture within the Reactor Core serves as 

both the fuel and the coolant. It efficiently transfers heat generated from the nuclear 

reaction to the heat exchangers. 

• Primary Heat Exchanger (203): The Primary Heat Exchanger receives heat from the 

molten salt mixture and transfers it to the secondary heat exchanger. This step is crucial 

for the efficient extraction of thermal energy from the reactor. 

o Solid Line: Indicates a direct connection to the Reactor Core for heat transfer. 

• Secondary Heat Exchanger (204): The Secondary Heat Exchanger further transfers the 

heat to the working fluid of the power generation system. This component ensures the 

efficient utilization of thermal energy for electricity production. 

o Solid Line: Indicates a direct connection to the Primary Heat Exchanger for 

subsequent heat transfer. 

• Cooling System (205): The Cooling System dissipates excess heat from the reactor, 

maintaining optimal operating temperatures and preventing overheating. Advanced 

materials enhance its thermal conductivity and corrosion resistance. 

o Solid Line: Indicates a direct connection to the Reactor Core for efficient cooling. 

22. Control Rods (206): The Control Rods are used to regulate the nuclear reaction within the 

Reactor Core. By inserting or removing these rods, the reaction rate can be controlled, 

ensuring safe and stable reactor operations. 
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o Dashed Lines: Indicate the movement and positioning of the control rods within the 

Reactor Core. 

23. Fig. 3 Block Diagram of the AI-Enhanced Safety and Control System 

24. This figure illustrates the AI-Enhanced Safety and Control System, depicting the integration 

of real-time monitoring, predictive maintenance algorithms, and automated safety controls 

within the Central Control Unit (CCU). 

25. Explanation of Each Element and Connections 

• Central Control Unit (CCU) (301): The CCU is the main processing hub for the AI-

Enhanced Safety and Control System. It coordinates all internal functions, processes data 

from various modules, and ensures the smooth operation of the nuclear energy system. 

• Real-Time Monitoring System (302): The Real-Time Monitoring System continuously 

monitors reactor operations, collecting data on various parameters such as temperature, 

pressure, and radiation levels. This data is crucial for the real-time assessment of reactor 

conditions. 

o Solid Line: Indicates a direct connection to the CCU for continuous data flow and 

monitoring. 

• Predictive Maintenance Module (303): The Predictive Maintenance Module uses 

advanced algorithms to analyze the data collected by the Real-Time Monitoring System. 

It predicts potential issues and schedules maintenance activities to prevent system 

failures. 

• Solid Line with Arrow: Indicates a data flow from the Predictive Maintenance Module 

to the CCU, showing the transfer of maintenance insights and schedules. 
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• Automated Safety Controls (304): The Automated Safety Controls are responsible for 

implementing safety measures in real-time. They can quickly respond to any anomalies 

detected by the Real-Time Monitoring System, ensuring the reactor remains safe and 

stable. 

o Solid Line: Indicates a direct connection to the CCU for executing safety protocols. 

• Machine Learning Algorithms Repository (305): The Machine Learning Algorithms 

Repository stores various algorithms used by the AI system to process data and make 

decisions. These algorithms enable the system to learn and adapt over time, improving its 

efficiency and reliability. 

o Solid Line with Arrow: Indicates a data flow from the Machine Learning 

Algorithms Repository to the CCU, showing the application of algorithms in data 

processing. 

• Data Sensors (306): The Data Sensors are distributed throughout the reactor to collect 

real-time data on various operational parameters. They provide the Real-Time 

Monitoring System with the necessary information to assess reactor conditions 

accurately. 

o Dashed Lines: Indicate the connection of Data Sensors to the Real-Time Monitoring 

System for data collection. 

26. Fig. 4 Sectional View of the Modular Reactor Design 

27. This figure provides a sectional view of the Modular Reactor Design, illustrating the modular 

construction approach and assembly process on-site. 

28. Explanation of Each Element and Connections 
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• Modular Reactor Base Unit (401): The Modular Reactor Base Unit serves as the 

foundation for the modular reactor. It houses the main reactor components and interfaces 

with the Reactor Assembly Units during assembly. 

• Reactor Assembly Units (402a, 402b, 402c): The Reactor Assembly Units are pre-

fabricated modules that stack vertically on the Modular Reactor Base Unit. Each unit 

contains part of the reactor’s operational components, allowing for scalable and flexible 

assembly. 

o Solid Lines: Indicate direct connections between the Reactor Assembly Units and the 

Modular Reactor Base Unit, showing the assembly process. 

• Transportation Module (403): The Transportation Module is used to transport the pre-

fabricated Reactor Assembly Units to the assembly site. It ensures safe and efficient 

transportation of the modular components. 

o Solid Line: Indicates a direct connection to the Modular Reactor Base Unit for 

transportation purposes. 

• On-Site Assembly Crane (404): The On-Site Assembly Crane is used to lift and position 

the Reactor Assembly Units during the on-site assembly process. It ensures precise 

alignment and secure stacking of the modules. 

o Solid Line with Arrow: Indicates the movement and positioning of the Reactor 

Assembly Units by the On-Site Assembly Crane. 

• Control Interface (405): The Control Interface is used to manage and monitor the 

assembly process. It provides real-time feedback and control options to ensure accurate 

and efficient assembly of the modular reactor. 



Inventor: Robert V. Salinas 

Title: Advanced Thorium-Based Nuclear Energy System with AI-Enhanced Safety and Efficiency 

 
 
 

 12 

o Solid Line: Indicates a direct connection to the top Reactor Assembly Unit for 

control and monitoring purposes. 

29. Fig. 5 Diagram of the Advanced Heat Exchange and Cooling Systems 

30. This figure illustrates the Advanced Heat Exchange and Cooling Systems, highlighting the 

use of advanced materials such as high-temperature alloys and graphene to improve 

efficiency and cooling. 

31. Explanation of Each Element and Connections 

• Primary Heat Exchanger (501): The Primary Heat Exchanger is the main component 

responsible for transferring heat from the reactor core to the secondary heat exchanger. It 

plays a crucial role in the efficient extraction of thermal energy. 

• Secondary Heat Exchanger (502): The Secondary Heat Exchanger receives heat from 

the Primary Heat Exchanger and transfers it to the working fluid of the power generation 

system. It ensures efficient utilization of the thermal energy for electricity production. 

o Solid Line: Indicates a direct connection to the Primary Heat Exchanger for 

subsequent heat transfer. 

• Graphene Heat Conduits (503a, 503b): The Graphene Heat Conduits enhance the 

thermal conductivity of the heat exchange system. Graphene’s superior thermal 

properties improve the efficiency of heat transfer within the system. 

o Solid Lines: Indicate direct connections to the Primary Heat Exchanger, showing the 

integration of graphene conduits for enhanced heat transfer. 
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• High-Temperature Alloys (504): The High-Temperature Alloys are used in the 

construction of the heat exchangers to withstand the high operational temperatures. These 

materials improve the durability and longevity of the heat exchange system. 

o Solid Line: Indicates a direct connection to the Primary Heat Exchanger for enhanced 

thermal resistance. 

• Cooling Interface (505): The Cooling Interface dissipates excess heat from the heat 

exchangers, maintaining optimal operating temperatures and preventing overheating. It 

ensures the efficient operation of the cooling system. 

o Solid Line: Indicates a direct connection to the Primary Heat Exchanger for efficient 

cooling. 

32. Fig. 6 Flowchart of the Waste Minimization and Recycling Module 

33. This figure illustrates the Waste Minimization and Recycling Module, showing the processes 

for minimizing waste production and recycling spent fuel within the advanced thorium-based 

nuclear energy system. 

34. Explanation of Each Element and Connections 

• Waste Minimization Module (601): The Waste Minimization Module is responsible for 

reducing the overall waste produced by the nuclear energy system. It incorporates various 

strategies and technologies to minimize waste generation at the source. 

• Spent Fuel Recycling Unit (602): The Spent Fuel Recycling Unit processes spent fuel to 

extract reusable materials and reduce the volume of waste. It plays a crucial role in 

enhancing the sustainability of the nuclear energy system. 
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o Solid Line: Indicates a direct connection to the Waste Minimization Module, 

showing the flow of spent fuel for recycling. 

• Waste Separation System (603): The Waste Separation System sorts different types of 

waste based on their characteristics, ensuring proper handling and processing. This 

system enhances the efficiency of waste management. 

o Solid Line: Indicates a direct connection to the Spent Fuel Recycling Unit, showing 

the flow of waste for separation. 

• Hazardous Waste Containment Unit (604): The Hazardous Waste Containment Unit 

securely stores hazardous materials to prevent environmental contamination. It ensures 

the safe handling and storage of dangerous waste products. 

o Solid Line: Indicates a direct connection to the Spent Fuel Recycling Unit, showing 

the flow of hazardous waste for containment. 

• Byproduct Processing Unit (605): The Byproduct Processing Unit handles the 

byproducts generated during the recycling and separation processes. It ensures that useful 

byproducts are processed and utilized effectively. 

o Solid Line: Indicates a direct connection to the Spent Fuel Recycling Unit, showing 

the flow of byproducts for processing. 

• Final Waste Output (606): The Final Waste Output represents the end product of the 

waste minimization and recycling processes. It consists of the remaining waste after all 

recyclable materials and byproducts have been extracted. 

o Solid Line: Indicates a direct connection to the Byproduct Processing Unit, showing 

the flow of final waste for disposal. 
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35. Fig. 7 Top View of the Entire System Layout 

36. This figure provides a comprehensive look at how all components are integrated within the 

Advanced Thorium-Based Nuclear Energy System, showing the top view of the entire 

system layout. 

37. Explanation of Each Element and Connections 

• Thorium Molten Salt Reactor (TMSR) (701): The TMSR is the core component of the 

system, utilizing thorium as the primary fuel in a molten salt configuration for higher 

efficiency and safety. It serves as the central hub for other components. 

• AI-Enhanced Safety and Control System (702): The AI-Enhanced Safety and Control 

System monitors reactor operations in real-time, using machine learning algorithms to 

predict potential issues and optimize performance. 

o Solid Line: Indicates a direct connection to the TMSR for real-time monitoring and 

control. 

• Modular Reactor Design (703): The Modular Reactor Design features small, factory-

built reactors that can be assembled on-site, reducing construction time and costs. This 

modular approach makes nuclear power more accessible and scalable. 

o Solid Line: Indicates a direct connection to the TMSR for efficient integration and 

scalability. 

• Advanced Heat Exchange and Cooling Systems (704): This system uses advanced 

materials such as high-temperature alloys and graphene for heat exchangers and cooling 

systems. These materials improve thermal conductivity and corrosion resistance, 

enhancing the overall efficiency and lifespan of the reactor. 
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o Solid Line: Indicates a direct connection to the TMSR for efficient heat exchange 

and cooling. 

• Waste Minimization and Recycling Module (705): The Waste Minimization and 

Recycling Module incorporates processes for minimizing waste production and recycling 

spent fuel. This reduces the environmental impact and enhances the sustainability of the 

nuclear energy system. 

o Solid Line: Indicates a direct connection to the TMSR for efficient waste 

management and recycling. 

• Power Generation Unit (706): The Power Generation Unit converts the thermal energy 

extracted by the heat exchangers into electrical energy. It is a key component in the 

overall energy production process. 

o Solid Line: Indicates a direct connection to the Modular Reactor Design for power 

generation. 

• Cooling Towers (707a, 707b): The Cooling Towers dissipate excess heat from the 

cooling systems, maintaining optimal operating temperatures and preventing overheating. 

They ensure the efficient operation of the cooling system. 

o Solid Lines: Indicate direct connections to the Advanced Heat Exchange and Cooling 

Systems for efficient cooling. 

• Central Control Interface (708): The Central Control Interface manages and monitors 

the entire system, providing real-time feedback and control options to ensure accurate 

and efficient operation of the nuclear energy system. 
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o Solid Line: Indicates a direct connection to the AI-Enhanced Safety and Control 

System for comprehensive system management. 

38. Detailed Description of the Invention: 

39. Overview 

40. The present invention is an advanced thorium-based nuclear energy system designed to 

leverage artificial intelligence (AI) for enhanced safety, efficiency, and cost-effectiveness. 

The system comprises several key components, including a Thorium Molten Salt Reactor 

(TMSR), AI-Enhanced Safety and Control System, Modular Reactor Design, Advanced Heat 

Exchange and Cooling Systems, and a Waste Minimization and Recycling Module. Each 

component is described in detail below, ensuring a comprehensive understanding for 

replication and utilization by someone skilled in the field. 

41. Thorium Molten Salt Reactor (TMSR) 

42. The TMSR utilizes thorium as the primary fuel, dissolved in a molten salt mixture. This 

configuration operates at higher temperatures and lower pressures than traditional reactors, 

enhancing both efficiency and safety. The thorium fuel cycle produces less long-lived 

radioactive waste compared to uranium, making it a more environmentally friendly option. 

43. Components: 

• Reactor Core: Contains the thorium fuel and molten salt mixture. The core is designed 

to facilitate efficient heat transfer and maintain a stable nuclear reaction. 

• Primary Heat Exchanger: Transfers heat from the molten salt to a secondary loop, 

facilitating the generation of electricity. 



Inventor: Robert V. Salinas 

Title: Advanced Thorium-Based Nuclear Energy System with AI-Enhanced Safety and Efficiency 

 
 
 

 18 

• Control Rods: Made of neutron-absorbing materials, these rods can be inserted or 

withdrawn to regulate the fission reaction, ensuring reactor stability and safety. 

• Operation: The molten salt serves as both the fuel and coolant, circulating through the 

reactor core and transferring heat to the primary heat exchanger. The control rods can be 

inserted or withdrawn to maintain the desired reaction rate, ensuring the reactor operates 

safely and efficiently. The design allows for the passive cooling of the reactor in case of 

an emergency, enhancing overall safety. 

44. AI-Enhanced Safety and Control System 

45. This system integrates AI to monitor reactor operations in real-time, using machine learning 

algorithms to predict potential issues and optimize performance. The AI-driven predictive 

maintenance ensures timely interventions, reducing the risk of accidents. Automated safety 

controls can quickly respond to anomalies, maintaining reactor stability. 

46. Components: 

• Real-Time Monitoring System: Collects data on reactor conditions, including 

temperature, pressure, and radiation levels. 

• Predictive Maintenance Module: Analyzes data to foresee and mitigate potential 

problems using advanced machine learning algorithms. 

• Automated Safety Controls: Implement safety measures in response to detected 

anomalies, ensuring the reactor remains within safe operational parameters. 

• Operation: The real-time monitoring system continuously collects data, which is 

processed by the predictive maintenance module. The AI algorithms analyze this data to 

identify patterns and predict potential failures, triggering the automated safety controls as 
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needed to prevent accidents. This system also includes redundancy measures to ensure 

continued operation even if some sensors or components fail. 

47. Modular Reactor Design 

48. The modular design features small, factory-built reactors that can be assembled on-site, 

significantly reducing construction time and costs. This approach makes nuclear power more 

accessible and scalable. 

49. Components: 

• Base Unit: Houses the main reactor components, including the reactor core and primary 

heat exchanger. 

• Assembly Units: Pre-fabricated modules that stack onto the base unit, each containing a 

part of the reactor's operational components. 

• Transportation Module: Ensures safe and efficient transport of assembly units to the 

site. 

• Operation: The assembly units are transported to the site and stacked onto the base unit. 

Each module is connected using a standardized interface, allowing for quick assembly 

and integration. The modular approach allows for scalable power output, as additional 

modules can be added to meet increasing demand. This design also facilitates easier 

maintenance and upgrades, as individual modules can be replaced without dismantling 

the entire reactor. 

50. Advanced Heat Exchange and Cooling Systems 
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51. The system uses advanced materials such as high-temperature alloys and graphene for the 

heat exchangers and cooling systems. These materials improve thermal conductivity and 

corrosion resistance, enhancing overall efficiency and lifespan. 

52. Components: 

• Primary Heat Exchanger: Transfers heat from the reactor core to a secondary system 

using advanced heat-conductive materials. 

• Secondary Heat Exchanger: Further transfers heat to the power generation system, 

ensuring efficient thermal energy conversion. 

• Cooling Interface: Dissipates excess heat to maintain optimal operating temperatures 

and prevent overheating. 

• Operation: Heat is transferred from the reactor core to the primary heat exchanger and 

then to the secondary heat exchanger, which distributes it to the power generation system. 

The cooling interface ensures any excess heat is effectively dissipated, preventing 

overheating. The use of high-temperature alloys and graphene enhances the efficiency 

and durability of the system, reducing the need for frequent maintenance. 

53. Waste Minimization and Recycling Module 

54. This module incorporates processes for minimizing waste production and recycling spent 

fuel, reducing environmental impact and enhancing sustainability. 

55. Components: 

• Spent Fuel Recycling Unit: Processes spent fuel to extract reusable materials, reducing 

the volume of waste. 
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• Waste Separation System: Sorts waste based on its characteristics, ensuring proper 

handling and disposal. 

• Hazardous Waste Containment Unit: Securely stores hazardous materials to prevent 

environmental contamination. 

• Operation: Spent fuel is processed to extract reusable materials, with waste sorted and 

hazardous materials securely contained. The system ensures minimal waste production 

and effective recycling, contributing to the sustainability of the nuclear energy system. 

This module also includes advanced filtration systems to capture and contain radioactive 

particles. 

56. Best Mode 

57. The best mode of carrying out the invention involves the integrated use of thorium fuel, AI-

enhanced safety mechanisms, and modular reactor design. This configuration maximizes the 

benefits of each component, providing a safe, efficient, and scalable nuclear energy solution. 

The use of advanced materials and AI technologies ensures that the system operates at peak 

efficiency while maintaining high safety standards. 

58. Embodiments 

59. The invention can be embodied in various forms, including different configurations of the 

modular reactor design and alternative materials for the heat exchangers and cooling systems. 

These embodiments illustrate the versatility and scope of the invention. 

• Example Embodiment: One embodiment includes a compact modular reactor designed 

for remote locations. This version uses smaller, easily transportable modules and a 

simplified AI control system tailored to the limited infrastructure of remote areas. The 
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reactor can be assembled quickly on-site and is designed for minimal maintenance, 

making it ideal for providing reliable power to isolated communities. 

60. Terminology and Definitions 

• Thorium Molten Salt Reactor (TMSR): A nuclear reactor using thorium as fuel in a 

molten salt mixture. AI-Enhanced Safety and Control System: An AI-driven system 

for monitoring and controlling reactor operations. Modular Reactor Design: A design 

featuring factory-built reactor modules that can be assembled on-site. Primary Heat 

Exchanger: A device for transferring heat from the reactor core to a secondary system. 

Spent Fuel Recycling Unit: A unit for processing and recycling spent nuclear fuel. 

• Advantages and Improvements 

• The invention offers significant improvements over traditional nuclear reactors, including 

enhanced safety through AI integration, reduced environmental impact with thorium fuel, 

and greater scalability and cost-effectiveness through modular design. The use of 

advanced materials in the heat exchangers and cooling systems further enhances the 

system's efficiency and longevity. 

61. Alternative Configurations 

62. Alternative configurations may include different reactor module sizes, alternative cooling 

system designs, and various AI algorithm implementations for safety and control. These 

configurations allow the system to be tailored to specific needs and environments, enhancing 

its versatility. 

63. Detailed Example 

64. Example: Implementation of the Advanced Thorium-Based Nuclear Energy System 
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65. Step-by-Step Implementation: 

• Design and Fabrication: 

o Reactor Core: Design the reactor core to contain thorium fuel dissolved in a 

molten salt mixture. Ensure the core is made of materials that can withstand high 

temperatures and corrosive environments. 

o Heat Exchangers: Fabricate primary and secondary heat exchangers using high-

temperature alloys and graphene. Ensure they are designed for optimal thermal 

conductivity and corrosion resistance. 

o Control Rods: Manufacture control rods from neutron-absorbing materials, 

designed to fit into the reactor core for regulating the fission reaction. 

• AI-Enhanced Safety System: 

o Real-Time Monitoring: Install sensors throughout the reactor to monitor 

temperature, pressure, and radiation levels. Connect these sensors to the AI 

control system. 

o Predictive Maintenance: Develop machine learning algorithms to analyze the 

data from the sensors, predicting potential issues and scheduling maintenance 

activities. 

o Automated Safety Controls: Implement automated systems that can respond to 

anomalies detected by the AI, adjusting reactor operations as needed to maintain 

safety. 

• Modular Construction: 
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o Base Unit and Modules: Construct the base unit and assembly modules in a 

factory setting. Ensure each module includes necessary components like heat 

exchangers and control systems. 

o Transportation and Assembly: Transport the modules to the reactor site and 

assemble them onto the base unit. Connect the modules using standardized 

interfaces to ensure quick and efficient assembly. 

• Heat Exchange and Cooling: 

o Primary and Secondary Loops: Set up the primary heat exchanger to transfer 

heat from the reactor core to the secondary loop. Ensure the secondary heat 

exchanger efficiently transfers heat to the power generation system. 

o Cooling Interface: Install cooling interfaces to dissipate excess heat, using 

advanced materials to enhance efficiency and durability. 

• Waste Management: 

o Spent Fuel Recycling: Set up the spent fuel recycling unit to process and extract 

reusable materials from spent fuel. Ensure the system includes advanced filtration 

to capture radioactive particles. 

o Waste Separation and Containment: Implement waste separation systems to 

sort waste and hazardous waste containment units to securely store dangerous 

materials. 

66. Example of System Operation: 

• Startup: 
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o Begin with the reactor core loaded with thorium molten salt mixture. Activate the AI-

enhanced safety and control system to start monitoring reactor conditions. 

• Normal Operation: 

o The reactor operates at high temperatures and low pressures, with the molten salt 

circulating through the core and transferring heat to the primary heat exchanger. The 

AI system continuously monitors conditions and adjusts control rods as needed to 

maintain stability. 

• Maintenance: 

o The predictive maintenance module analyzes data from the real-time monitoring 

system to foresee potential issues. Scheduled maintenance activities are performed to 

replace worn components, ensuring continuous safe operation. 

• Shutdown: 

o To shut down the reactor, gradually insert the control rods to halt the fission reaction. 

The AI system continues to monitor the reactor until it reaches a safe, stable state. 

• Safety Measures: 

o The AI system provides real-time alerts and automated responses to anomalies. In 

the event of an emergency, the reactor's passive cooling system engages, using the 

molten salt's thermal properties to dissipate heat safely. 

67. Example: Implementation of the Advanced Thorium-Based Nuclear Energy System 

68. Design and Fabrication: 



Inventor: Robert V. Salinas 

Title: Advanced Thorium-Based Nuclear Energy System with AI-Enhanced Safety and Efficiency 

 
 
 

 26 

• Reactor Core: Design the reactor core to contain thorium fuel dissolved in a molten salt 

mixture. Ensure the core is made of materials that can withstand high temperatures and 

corrosive environments. 

• Heat Exchangers: Fabricate primary and secondary heat exchangers using high-

temperature alloys and graphene. Ensure they are designed for optimal thermal 

conductivity and corrosion resistance. 

• Control Rods: Manufacture control rods from neutron-absorbing materials, designed to 

fit into the reactor core for regulating the fission reaction. 

69. AI-Enhanced Safety System: 

• Real-Time Monitoring: Install sensors throughout the reactor to monitor temperature, 

pressure, and radiation levels. Connect these sensors to the AI control system. 

• Predictive Maintenance: Develop machine learning algorithms to analyze the data from 

the sensors, predicting potential issues and scheduling maintenance activities. 

• Automated Safety Controls: Implement automated systems that can respond to 

anomalies detected by the AI, adjusting reactor operations as needed to maintain safety. 

70. Modular Construction: 

• Base Unit and Modules: Construct the base unit and assembly modules in a factory 

setting. Ensure each module includes necessary components like heat exchangers and 

control systems. 

• Transportation and Assembly: Transport the modules to the reactor site and assemble 

them onto the base unit. Connect the modules using standardized interfaces to ensure 

quick and efficient assembly. 
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71. Heat Exchange and Cooling: 

• Primary and Secondary Loops: Set up the primary heat exchanger to transfer heat from 

the reactor core to the secondary loop. Ensure the secondary heat exchanger efficiently 

transfers heat to the power generation system. 

• Cooling Interface: Install cooling interfaces to dissipate excess heat, using advanced 

materials to enhance efficiency and durability. 

72. Waste Management: 

• Spent Fuel Recycling: Set up the spent fuel recycling unit to process and extract 

reusable materials from spent fuel. Ensure the system includes advanced filtration to 

capture radioactive particles. 

• Waste Separation and Containment: Implement waste separation systems to sort waste 

and hazardous waste containment units to securely store dangerous materials. 

73. Detailed Example 

74. Example: Implementation of the Advanced Thorium-Based Nuclear Energy System 

75. Step-by-Step Implementation: 

• Design and Fabrication: 

o Reactor Core: Design the reactor core to contain thorium fuel dissolved in a molten 

salt mixture. Ensure the core is made of materials that can withstand high 

temperatures and corrosive environments. 

o Heat Exchangers: Fabricate primary and secondary heat exchangers using high-

temperature alloys and graphene. Ensure they are designed for optimal thermal 

conductivity and corrosion resistance. 
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o Control Rods: Manufacture control rods from neutron-absorbing materials, designed 

to fit into the reactor core for regulating the fission reaction. 

• AI-Enhanced Safety System: 

o Real-Time Monitoring: Install sensors throughout the reactor to monitor 

temperature, pressure, and radiation levels. Connect these sensors to the AI control 

system. 

o Predictive Maintenance: Develop machine learning algorithms to analyze the data 

from the sensors, predicting potential issues and scheduling maintenance activities. 

o Automated Safety Controls: Implement automated systems that can respond to 

anomalies detected by the AI, adjusting reactor operations as needed to maintain 

safety. 

• Modular Construction: 

o Base Unit and Modules: Construct the base unit and assembly modules in a factory 

setting. Ensure each module includes necessary components like heat exchangers and 

control systems. 

o Transportation and Assembly: Transport the modules to the reactor site and 

assemble them onto the base unit. Connect the modules using standardized interfaces 

to ensure quick and efficient assembly. 

• Heat Exchange and Cooling: 

o Primary and Secondary Loops: Set up the primary heat exchanger to transfer heat 

from the reactor core to the secondary loop. Ensure the secondary heat exchanger 

efficiently transfers heat to the power generation system. 
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o Cooling Interface: Install cooling interfaces to dissipate excess heat, using advanced 

materials to enhance efficiency and durability. 

• Waste Management: 

o Spent Fuel Recycling: Set up the spent fuel recycling unit to process and extract 

reusable materials from spent fuel. Ensure the system includes advanced filtration to 

capture radioactive particles. 

o Waste Separation and Containment: Implement waste separation systems to sort 

waste and hazardous waste containment units to securely store dangerous materials. 

• Safety Measures: 

• The AI system provides real-time alerts and automated responses to anomalies. In the 

event of an emergency, the reactor's passive cooling system engages, using the molten 

salt's thermal properties to dissipate heat safely. 

76. This detailed description and example should enable someone skilled in the relevant field to 

replicate and utilize the advanced thorium-based nuclear energy system effectively. 

77. Conclusion:  

78. The proposed invention provides a comprehensive solution to the challenges of nuclear 

energy production by integrating thorium-based fuel, AI-enhanced safety mechanisms, 

modular reactor technology, advanced materials, and waste minimization processes. This 

advanced thorium-based nuclear energy system offers significant improvements in cost 

efficiency, safety, and environmental sustainability. 
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Claims: 

1. An advanced thorium-based nuclear energy system comprising a thorium molten salt 

reactor for higher efficiency and safety. 

2. The system of claim 1, further comprising an AI-enhanced safety and control system for 

real-time monitoring and predictive maintenance. 

3. The system of claim 1, further comprising a modular reactor design for reduced 

construction time and costs. 

4. The system of claim 1, further comprising advanced heat exchange and cooling systems 

using high-temperature alloys and graphene. 

5. The system of claim 1, further comprising a waste minimization and recycling module to 

reduce environmental impact. 
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Abstract:  

1. The Advanced Thorium-Based Nuclear Energy System with AI-Enhanced Safety and 

Efficiency offers a revolutionary approach to nuclear power. Utilizing thorium fuel in a 

molten salt configuration, this system operates at higher temperatures and lower 

pressures, significantly enhancing efficiency and safety. Integrated AI systems provide 

real-time monitoring, predictive maintenance, and automated safety controls, ensuring 

superior operational reliability. The modular reactor design allows for scalable power 

output and reduced construction costs, making it adaptable for various applications. 

Advanced heat exchange and cooling technologies, coupled with a comprehensive waste 

minimization and recycling module, further enhance the system's sustainability. This 

innovative approach addresses the critical need for clean, reliable, and safe energy 

solutions, positioning it as a leading technology in the transition to sustainable energy. 
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