


Title 
Advanced Lubrication Methodology Utilizing Frictional Heat for Enhancing Anti-Wear and Extreme Pressure Characteristics of Lubricants through Synergistic Blend Sulphurised Ester.

Description:
[bookmark: _Hlk144294445][bookmark: _Hlk144281618][bookmark: _Hlk143694260]The present invention involves a novel lubrication methodology that utilizes the heat produced by friction to strategically augment the anti-wear and extreme pressure properties of lubricants. This is achieved through a synergistic blend of sulphurised esters, biobased oils, aminic antioxidants, corrosion inhibitors, as an oil additive to commercial lubricants.
The primary objective of this invention is to elevate the efficacy of lubricants, with a specific focus on their performance when subjected to heightened load and temperatures. The said invention effectively tackles the intricacies posed by elevated load and temperature scenarios. The intended outcome is the enhancement of thermal stability, reinforcement of wear resistance, and overall amplification of the proficiency of lubricants. This concerted effort not only propels the advancement of lubrication technologies that are sustainable and efficient but also signifies a significant stride towards attaining optimal lubrication even under challenging thermal and load conditions.
In the realm of mechanical systems, the interplay among lubrication heat and load represents a critical dichotomy. While lubrication is employed to reduce wear, friction, and ensure smooth operation, the omnipresent adversary of heat poses a formidable challenge. Heat emerges as the principal adversary to effective lubrication.
Elevated temperatures cause lubricant molecules to undergo structural changes, breaking down into smaller, less effective components. This degradation diminishes the lubricant's ability to create a protective film and maintain optimal viscosities, thereby compromising its overall lubricating capabilities.
Rising temperatures lead to a decrease in the viscosity of lubricants. Lower viscosity impairs the formation of a stable lubrication film, resulting in metal-to-metal contact. Additionally, lubricant viscosity influences its load-bearing capacity. As viscosity drops due to heat, the lubricant's capacity to withstand heavy loads diminishes, potentially leading to increased wear and failure of critical components.
Heat intensifies the wear and friction dynamics within machinery. Elevated temperatures can cause thermal expansion of metal surfaces, resulting in tighter clearances and higher contact pressures. This exacerbates the potential for adhesive and abrasive wear, causing increased friction, higher energy consumption, and premature component failure.
Elevated temperatures promote the evaporation of volatile components within lubricants. Essential additives, carefully formulated to enhance anti-wear, extreme pressure, and viscosity properties, may evaporate under heat. This evaporation compromises the balance of lubricant composition, reducing its effectiveness and leaving machinery vulnerable to wear and damage.
Heat stands as the principal adversary to effective lubrication, imposing a multitude of challenges that compromise machinery performance and longevity. A comprehensive understanding of the thermal dynamics within mechanical systems is paramount for devising effective strategies to counteract the adverse impact of heat. 
Thus, the present invention plays a significant role in upholding ideal lubrication conditions even when confronted with substantial thermal obstacles. It is through harnessing the heat resulting from friction to establish protective layers over the surfaces of two in-motion metal components. This invention will play a pivotal function in preserving optimal operational temperatures and counteracting the adverse repercussions of excessive heat on lubrication, capitalizing on friction-generated heat to generate safeguarding coatings over the metal surfaces.
The temperature and load at which moving parts can fuse together, even when lubricated, depend on several factors, including the type of lubricant, the materials of the moving parts, the duration of exposure, and the specific conditions of use. It is often referred to as "welding" or "adhesive wear," and it can occur under extreme conditions.
In most cases, at extremely elevated temperatures and pressures, lubricants can break down, and the friction between moving parts can lead to localized welding due to the high energy and pressure at the contact points. This welding can result in the adhesion of material from one surface to another, causing the moving parts to fuse together.
The exact temperature and load at which this can happen will vary widely based on the factors mentioned earlier. For example, in metal-to-metal contacts, the welding can occur at extreme elevated temperatures and loads, such as temperatures exceeding 500°C and loads that generate pressures in the order of several Gigapascals.
In the realm of lubrication, the intricate interplay between friction, temperature, and load holds paramount importance, shaping the performance of moving components. This elucidation delves into the scientific intricacies of how moving parts, even when lubricated, can fuse together, and provides illustrative examples to underscore the phenomenon of "welding" or "adhesive wear."
The occurrence of fusion between moving parts, despite the presence of lubrication, is governed by an amalgamation of variables, each playing a pivotal role in this intricate process. Elements such as the nature of the lubricant employed, the materials composing the moving parts, the duration of contact, and the specific operating conditions intricately collaborate to determine the critical temperature and load thresholds at which fusion might transpire.
Understanding "Welding" or "adhesive wear" represents a phenomenon wherein two surfaces, subjected to intense friction and pressure, can fuse together due to localized material adhesion. This process is typified by a molecular affinity between the surfaces, leading to material transfer and eventual bonding. The manifestation of this phenomenon is often a testament to extreme conditions and challenges in maintaining effective lubrication.
In situations involving elevated temperatures and substantial loads, the lubricant's capability to withstand extreme conditions becomes pivotal. Under specific circumstances of elevated temperatures and pressures, lubricants can experience degradation or breakdown. Consequently, the frictional interactions between moving parts can escalate significantly, generating considerable energy and pressure at the contact points. This intense energy prompts localized material fusion, manifesting as welding or adhesion, where material from one surface transfers to and bonds with the other.
To illuminate the concept further, consider a scenario in which metal gears in an industrial gearbox operate under tremendous load and elevated temperatures, generating substantial friction. Despite the presence of lubrication, the generated heat and pressure might surpass the lubricant's stability threshold, leading to localized welding between gear teeth. This, in turn, can compromise gear performance and machinery reliability.
In the context of automotive engines, piston rings and cylinder walls also encounter extreme conditions of temperature and pressure. The lubricating oil is instrumental in preventing metal-to-metal contact and associated welding, ensuring optimal performance and longevity. However, when conditions exceed the lubricant's capacity, localized adhesion between piston rings and cylinder walls can occur, diminishing efficiency and potentially causing engine damage.
The exact temperature and load parameters at which fusion occurs are influenced by the previously mentioned factors. In metal-to-metal contacts, particularly in demanding industrial environments, welding can manifest at elevated temperatures, often surpassing 300°C. The loads generated in such contexts can reach several Gigapascals, underlining the extreme conditions that drive adhesive wear.
The typical operational temperatures of engines and industrial machinery can exhibit considerable variability based on the distinct equipment type, its intended function, and the corresponding industry of application. The typical operational temperature ranges for diverse industrial machinery, such as pumps, compressors, and industrial ovens, can span from approximately 38°C to 260°C, contingent upon the machinery and its designated purpose. Notably, steam turbines within industrial facilities commonly function within a temperature spectrum of 260°C to 593°C.
The present invention encompasses the utilization of heat generated through friction to elevate the extreme pressure and anti-wear attributes of lubricants, particularly in scenarios involving elevated temperatures. The invention encompasses a synergistic blend of sulphurised esters, canola oil, aminic-oxidant, corrosion inhibitors and white oil which, upon exposure to elevated temperatures, initiates reactions with metal surfaces. This transformative process yields the generation of iron sulphide layers within a specific temperature range spanning from around 50°C to 600ºC. The outcome of this phenomenon leads to a substantial enhancement in the extreme pressure characteristics of lubricants. 
In sum, the present invention stands as a gateway to an era of lubrication methodology that capitalizes on the latent energies within friction. Through the alchemy of the synergistic blend, ingeniously designed to heed the clarion call of heat, the invention ushers in a renaissance in lubrication science. The tribofilm's (metal sulphide) vigilant stance together erect an impervious fortress against wear and friction, erecting a new benchmark of resilience in high-temperature contexts. As industries explore the frontiers of mechanical performance, this innovation emerges as a compass, charting the course towards unprecedented efficiency, durability, and efficacy in the realm of lubrication.






















DESCRIPTION OF PRIOR ART 
1) CN 107353234A
The prior art patent CN107353234A discloses a method for preparing a fatty acid-based extreme pressure aqueous lubricating additive. However, it is essential to take note that my patent claims, which describe a novel lubrication methodology for mechanical systems and industrial processes, are significantly distinct and more advanced in several crucial aspects.
My patent claims describe a lubrication methodology based on the temperature-dependent chemistry of sulphurised fatty acid esters containing sulphur-based functional groups. This novel chemistry, involving the formation of reactive sulphur radicals, sets your invention apart from the prior art, which primarily focuses on fatty acid-based sulfonates.
My patent claims lubrication methodology is specifically designed to be temperature-responsive, remaining inert or minimally impactful at lower temperatures and undergoing controlled transformations at higher temperatures. This temperature-sensitive behaviour is not disclosed in CN107353234A.
My claims highlight the self-regenerating nature of the protective iron sulphide layer formed on metal surfaces, which aligns with sustainability goals by reducing the need for frequent maintenance. The prior art does not address or emphasize such sustainability aspects.
My invention incorporates a synergistic blend of sulphurised esters, canola oil, aminic antioxidants, and corrosion inhibitors. This comprehensive formulation is distinct from the prior art's focus on fatty acids and quaternary ammonium salt catalysts.
My patent claims specify the use of specific sulphurised ester components, chosen for their heat responsiveness, reactivity, thermal stability, and ability to interact with metal surfaces. This level of specificity is not present in CN107353234A.
My methodology is optimized for high-temperature applications and exhibits superior oxidative stability, compatibility with other additives, and minimal impact on sensory attributes. These characteristics are not mentioned or emphasized in the prior art.
My invention emphasizes the temperature-responsive behaviour of the lubrication methodology, which remains inert or minimally impactful at lower temperatures and undergoes controlled transformations at higher temperatures. This feature optimizes lubricant effectiveness across varying operational conditions. CN107353234A does not discuss temperature-responsive applications.
My invention is based on the temperature-dependent chemistry of sulphurised fatty acid esters containing sulphur-based functional groups. These esters undergo sulphur-sulphur bond cleavage under friction-generated heat, leading to the formation of protective iron-sulphur bonds on metal surfaces.
[bookmark: _Hlk144729916]While both inventions address lubrication, my methodology incorporates corrosion inhibitors that form protective films on metal surfaces, offering enhanced protection against environmental factors. CN107353234A does not discuss corrosion protection in such detail.
In summary, my invention claims describe a unique, temperature-responsive, and environmentally conscious lubrication methodology that goes beyond the scope and capabilities of the prior art patent CN107353234A. My invention offers improved performance, sustainability, and versatility for a wide range of industrial applications.
2) US 7,414,013 B2
The prior art patent US 7414013 B2, focuses on polyisobutylene with an average molecular weight in the range of 120 to 600. In contrast, the patent claims emphasize a formulation with temperature-activated additives, including sulphurised esters and thiol esters. These additives are strategically chosen for their ability to enhance extreme pressure (EP) and anti-wear properties, with a primary focus on utilizing friction-generated heat. This is a significant deviation from the prior art's emphasis on molecular weight.
The said prior art specifies the selection of polyisobutylene from a mixture of C8H16 to C32H64 oligomers. On the other hand, the patent claims do not emphasize the molecular structure of polyisobutylene. Instead, the focus is on the synergistic formulation of temperature-activated additives, which work in conjunction to enhance EP and anti-wear properties.
The said prior art details specific weight percentages of different oligomers within the polyisobutylene, ranging from C8H16 to C28H56. My patent claims, however, do not place emphasis on the composition breakdown of polyisobutylene. Instead, it highlights the combination of temperature-activated additives, including sulphurised esters and thiol esters, which react synergistically to enhance lubricating properties.
My invention claims introduce a groundbreaking approach by utilizing friction-generated heat to activate the temperature-activated additives. These additives, when combined, form a protective tribofilm on metal surfaces, particularly at elevated temperatures. This is a significant advancement compared to the prior art, which primarily focuses on the molecular composition of polyisobutylene.
My invention claims aim to elevate EP and anti-wear properties through the activation of the formulated additives. This is a distinct departure from the prior art, which primarily discusses the economic value of certain polyisobutylene feed streams.
My invention claims specifically target the challenges posed by elevated temperature scenarios. The synergistic reaction between the additives is engineered to reinforce wear resistance and improve the overall efficiency of lubricants under such conditions. This addresses a critical aspect not extensively covered in the prior art.
The prior art predominantly revolves around the characterization of polyisobutylene based on molecular weight and composition. In stark contrast, the my invention claims focus on the functional aspect of lubrication enhancement. It introduces a method that directly addresses the challenges presented by elevated temperatures through the activation of specific additives, ultimately leading to the formation of a protective tribofilm. This functional emphasis is a notable departure from the prior art's molecular-centric approach.
My invention claims emphasize the synergistic interaction between multiple additives, including sulphurised esters and thiol esters, to enhance EP and anti-wear properties. This synergistic effect is not extensively discussed or utilized in the prior art, which primarily focuses on the properties of polyisobutylene. The proposed invention, therefore, introduces a more comprehensive and integrated approach to lubricant formulation.
My claims, by targeting the challenges posed by elevated temperatures, demonstrate a broader applicability across various industrial sectors. It offers a solution that can be implemented in machinery operating under extreme conditions, such as in industrial ovens, compressors, and steam turbines. This versatility contrasts with the prior art's narrower focus on polyisobutylene feed streams.
My invention claims explicitly state that the invention is aimed at reinforcing wear resistance and extending the lifespan of machinery components. This addresses a critical concern in industries where machinery reliability and longevity are paramount. The said prior art, while discussing polyisobutylene, does not explicitly highlight its contributions to machinery performance and durability.
My invention claims introduce the concept of tribofilm formation, a protective layer that shields metal surfaces from wear and friction. This innovative mechanism directly counters the adverse effects of heat on lubrication, ensuring the optimal performance of machinery components even under challenging thermal conditions. This represents a significant departure from the prior art's focus on polyisobutylene as a standalone component.
My invention claims implicitly promote sustainability by introducing a formulation that optimizes lubrication technologies for efficiency even under extreme conditions. This is a forward-looking aspect not explicitly addressed in the prior art's discussion of polyisobutylene.
In summary, the my claims not only provide a novel approach to lubrication but also offer a comprehensive solution to the challenges posed by elevated temperatures. The functional emphasis, additive synergy, adaptability, protective mechanisms, and sustainability considerations represent significant advancements beyond the scope of the prior art's discussion on polyisobutylene. This proposed invention holds the potential to revolutionize lubricant technology across diverse industrial applications.

In conclusion, my invention presents a novel approach to lubrication, focusing on the utilization of friction-generated heat and a synergistic blend of temperature-activated additives to enhance extreme pressure and anti-wear properties. This represents a significant departure from the prior art's emphasis on the molecular composition of polyisobutylene. The proposed invention offers a comprehensive and innovative solution to the challenges posed by elevated temperatures in lubrication technology.
3) US 8404624 B2
The prior art, US 8,404,624 B2, describes a lubricant composition for use in combustion engines, comprising an additive mixture consisting of:
a) At least one ammonium phosphate ester; b) At least one triphosphoric acid ester; and c) At least one dithiophosphoric acid derivative.
This mixture is combined with sulfur-containing oil additives, with the aim of reducing wear in combustion engines. The invention addresses the need for additives that improve the performance properties of lubricants, reduce the formation of oxidative degradation products, and promote the long shelf life and high-performance stability of lubricants.
While the prior art focuses on improving lubricant performance with specific additive combinations, my invention introduces a novel and distinct lubrication methodology, as detailed in your provided patent claims:
My invention centres around a lubrication methodology that utilizes friction-generated heat to induce the formation of a protective iron sulphide film on metal surfaces. This approach is fundamentally different from the additive-based approach described in US 8,404,624 B2.
My invention exhibits temperature-responsive behaviour, remaining inert or minimally impactful at lower temperatures and undergoing controlled transformations at higher temperatures. This feature is not addressed in the prior art.
My invention relies on the temperature-dependent chemistry of sulphurised fatty acid esters containing sulphur-based functional groups, leading to the formation of protective iron-sulphur bonds on metal surfaces. This chemistry is distinct from the additive combination approach described in the prior art.
My invention results in the formation of a self-regenerating protective iron sulphide layer on metal surfaces, dynamically regenerated during machinery operation. This feature is not present in US 8,404,624 B2.
My invention specifies a synergistic blend of sulphurised esters, canola oil, aminic antioxidants, and corrosion inhibitors, each chosen for their unique properties and contributions to the lubrication process. This is different from the additive mixture described in the prior art.
My invention is optimized for high-temperature applications, exhibiting superior oxidative stability and compatibility with other additives. This makes it suitable for demanding industrial scenarios, a characteristic not mentioned in US 8,404,624 B2.
The said prior art primarily addresses the need for low SAPS (Sulfated Ash, Phosphorus, and Sulphur) engine oils to minimize the negative impact of lubricant additives on exhaust fumes and after-treatment devices. It focuses on reducing ash-producing detergents, phosphorus additives, and ZnDTP. In contrast, my invention does not directly address exhaust emission impact but instead focuses on a novel lubrication methodology involving friction-generated heat.
My invention aims to provide substantially metal-free additives or additive combinations with low sulphur and phosphorus content. This indicates a focus on reducing environmental impact and potentially meeting stringent environmental regulations. The prior art, on the other hand, uses additives that may contain metals such as zinc, which can have environmental implications.
The additive mixture in the said prior art includes at least one dithiophosphoric acid derivative as a component. This is a specific chemical compound that plays a role in enhancing the lubrication properties. My invention, in contrast, does not involve the use of this specific derivative.
The said prior art mentions the interaction of solid phosphorus compounds and acidic sulphur compounds with exhaust after-treatment devices, specifically mentioning porous membranes and catalysts. This interaction can lead to the deterioration of these devices. My invention does not directly address these interactions but focuses on the formation of a protective iron sulphide layer.
The said prior art mentions that zinc dialky-/diaryldithiophosphates (ZnDTP) are efficient antioxidants and even metal passivators. These catalytic properties are not a part of your described lubrication methodology, which primarily relies on the formation of a protective iron sulphide film.
The prior art acknowledges the need to comply with environmental regulations in various regions (European Community, U.S., etc.) and adapts by developing low SAPS engine oils. My invention does not explicitly address regulatory compliance but instead introduces a unique lubrication methodology.
In summary, my invention and the said prior art (US 8,404,624 B2) address different aspects of lubrication. The prior art focuses on additive combinations to enhance lubricant performance and reduce environmental impact, particularly in relation to exhaust emissions. My invention, on the other hand, introduces a novel lubrication methodology that utilizes friction-generated heat for the formation of a protective iron sulphide layer, with a primary emphasis on its temperature-responsive behaviour and self-regenerating properties.
In conclusion, my invention introduces a fundamentally different and innovative approach to lubrication, utilizing friction-generated heat and temperature-responsive chemistry to form a protective iron sulphide layer. This methodology is distinct from the additive-based approach described in US 8,404,624 B2.

4) US 2019/0264125 Al
The said prior art discusses the use of an organic molybdenum compound in lubricant additive compositions, specifically focusing on its role in reducing friction in engines. Whereas my invention claims detail a novel lubrication methodology that leverages friction-generated heat to form a protective iron sulphide layer on metal surfaces. This methodology offers unique advantages not addressed by the prior art:
The said prior art relies on organic molybdenum compounds, which may have limitations in their ability to effectively reduce friction without causing issues like the generation of deposits. In contrast, my invention introduces a fundamentally different mechanism based on friction-generated heat for forming a protective layer, which does not rely on organic molybdenum compounds.
The said prior art acknowledges that increasing the amount of organic molybdenum compounds can lead to problems such as the generation of deposits. This limitation is not present in my invention, which does not rely on such compounds for friction reduction.
The said prior art suggests combining organic molybdenum compounds with other additives like ash-less friction regulators to enhance their effectiveness. My invention, however, introduces a standalone lubrication methodology that does not require additional compounds for its efficacy.
The said prior art mentions challenges related to the solubility of certain compounds, such as tetra benzyl thiuram disulphide, and the potential corrosion of copper components. My invention, being based on a different chemistry, does not face these solubility or corrosion concerns.
The said prior art focuses specifically on lubricant additive compositions containing organic molybdenum compounds, mainly for reducing friction in engines. In contrast, my invention introduces a lubrication methodology applicable to a broader range of mechanical systems and industrial processes beyond just combustion engines.
While the said prior art addresses reductions in automobile fuel consumption, my invention introduces a lubrication methodology that has the potential to reduce environmental impact by minimizing the need for frequent maintenance and potentially extending the life of machinery.
The said prior art relies heavily on the use of organic molybdenum compounds, highlighting their effectiveness in reducing friction. My invention, however, provides an entirely different approach that does not depend on such compounds for achieving lubrication benefits.
The said prior art mentions the need for high amounts of amine compounds to dissolve tetra benzyl thiuram disulphide in base oil, which can lead to potential corrosion issues with copper components. My invention, which does not involve the use of this compound, circumvents these solubility and corrosion concerns.
My invention is based on the unique chemistry of sulphurised fatty acid esters containing sulphur-based functional groups. This chemistry leads to the formation of protective iron-sulphur bonds, providing a distinctive and effective approach to lubrication.
My invention, by reducing the need for frequent maintenance and potentially extending machinery life, aligns with sustainability goals. It may contribute to reduced waste and resource consumption, which is not addressed in the prior art.
My invention specifies a synergistic blend of sulphurised esters, canola oil, aminic antioxidants, and corrosion inhibitors, each chosen for their unique properties. This comprehensive blend is tailored for the formation of a protective iron sulphide layer, distinguishing it from the additive combination approach of the prior art.
In summary, my invention introduces a revolutionary lubrication methodology based on friction-generated heat, offering advantages that go beyond the scope of the prior art's focus on organic molybdenum compounds. This innovative approach addresses a wider range of applications, potentially reduces environmental impact, and is based on a distinct chemistry that leads to the formation of a protective iron sulphide layer.
In conclusion, my invention introduces a novel lubrication methodology that relies on friction-generated heat to create a protective iron sulphide layer, offering distinct advantages over the prior art's approach of using organic molybdenum compounds. This innovative methodology addresses challenges in friction reduction without relying on potentially limiting compounds or facing solubility and corrosion issues.

5) US 2023/0097718 Al
The prior art, US 2023/0097718 Al, introduces a lubricating composition incorporating sulfonated lignin as an environmentally friendly, bio-based, and renewable anti-wear, antioxidant, and/or extreme pressure additive. While this disclosure highlights certain advantages of using sulfonated lignin, it is important to emphasize that my invention presents a fundamentally different and innovative lubrication methodology. 
The prior art relies on sulfonated lignin as an additive to enhance the performance of lubricating compositions. In contrast, my invention introduces a completely distinct approach based on friction-generated heat for the formation of a protective iron sulphide layer. This methodology offers unique benefits not addressed by sulfonated lignin.
The prior art primarily focuses on lubricating compositions, such as greases, open gear oils, gear oils, chain oils, and cable or wire drawing lubricants, utilizing sulfonated lignin. My invention, on the other hand, offers a lubrication methodology applicable to a broader range of mechanical systems and industrial processes beyond the specific compositions mentioned.
The prior art asserts that sulfonated lignin provides lubricating compositions with similar or higher weld loads and decreased wear compared to commonly utilized additives like MoS2. While this is an interesting comparative advantage, it does not address the unique benefits and mechanisms introduced by my friction-generated heat methodology.
Both the said prior art and my invention highlight their bio-based and renewable attributes. However, this commonality does not diminish the fundamental differences in their lubrication methodologies and the advantages they offer.
The said prior art emphasizes the advantage of adding sulfonated lignin after the thickener has been added, providing a specific procedural benefit. My invention, on the other hand, does not rely on a specific timing for the addition of components, as its effectiveness is derived from the friction-generated heat mechanism.
The said prior art points out the ability to source sulfonated lignin within North America, potentially eliminating the need for acquiring certain additives from China. Similarly, my invention's novel approach to lubrication has the potential to contribute to sustainability goals by potentially reducing the need for frequent maintenance.
The said prior art introduces sulfonated lignin as an anti-wear, antioxidant, and/or extreme pressure additive. It relies on the unique properties of this compound to enhance the performance of lubricating compositions. In contrast, my invention is based on the chemistry of sulphurised fatty acid esters, which react under friction-generated heat to form a protective iron sulphide layer. This chemical reaction is fundamentally different from the action of sulfonated lignin.
The said prior art mainly discusses the use of sulfonated lignin in specific lubricating compositions like greases, open gear oils, gear oils, chain oils, and cable or wire drawing lubricants. In contrast, my invention's methodology can be applied across a broader range of mechanical systems and industrial processes, providing a more versatile solution.
The said prior art compares the performance of sulfonated lignin to other commonly utilized additives, such as MoS2, in terms of weld loads and wear. While this comparative advantage is highlighted, it is important to note that the performance of my methodology is based on an entirely different mechanism, which may offer additional benefits beyond what is mentioned in the prior art.
The said prior art emphasizes the advantage of adding sulfonated lignin after the thickener has been added. This procedural detail is specific to their additive and does not apply to my invention, which does not rely on specific timing for the addition of components.
My invention specifies a synergistic blend of sulphurised esters, canola oil, aminic antioxidants, and corrosion inhibitors. This comprehensive blend is designed to work together to form a protective iron sulphide layer. The prior art does not mention such a specific blend or its potential synergistic effects.
In conclusion, while the prior art introduces a promising additive in the form of sulfonated lignin, my invention represents a revolutionary shift in lubrication methodology. The mechanism of forming a protective iron sulphide layer through friction-generated heat is fundamentally different and offers a unique set of advantages that go beyond the capabilities of sulfonated lignin or other additive-based approaches.
BACKGROUND OF INVENTION
Heat is generated when there is friction between moving parts due to the conversion of mechanical energy into thermal energy. This phenomenon is a result of the resistance encountered by surfaces in contact as they slide or roll against each other. The generation of heat during friction is a fundamental aspect of physics and plays a crucial role in various engineering and everyday scenarios.
When two surfaces come into contact and start moving relative to each other, the irregularities at the microscopic level of the surfaces interact. These irregularities can be likened as tiny hills and valleys or asperities on the surfaces as shown in diagram 1 of the detailed drawings. As the surfaces move, these irregularities interlock and then break free, leading to the resistance known as friction as shown in diagram 2 of the detailed drawings.
When surfaces slide or roll against each other, these interactions involve deformation and reformation of surface asperities, which results energy dissipation and the conversion of mechanical energy into heat energy and dispersed into the surrounding environment as heat as shown in diagram 3 of the detailed drawings.

When the heat generated by friction continues to increase, it leads to the seizing of moving parts. Seizing happens when components become stuck or locked together due to the intense heat and friction, resulting in the machine or engine ceasing to function, as shown in diagram 4 of the detailed drawing.

In summary, heat is generated during friction due to the conversion of mechanical energy into thermal energy as moving surfaces interact at both macroscopic and microscopic levels. Understanding this phenomenon is essential for optimizing mechanical systems, designing effective lubrication strategies, and preventing excessive wear and damage to components.
Considering the context, the invention pertains to the exploitation of heat to amplify lubrication capabilities. This is achieved by ingeniously combining sulfurized esters, canola oil, aminic-oxidant, and corrosion inhibitors in a synergistic manner. The development involves an intricate interplay of chemistry, thermodynamics, and tribology. The inventive strategy leverages the ever-changing molecular dynamics and thermal energy to establish an optimal mechanism for safeguarding mechanical components, thereby introducing a novel dimension to lubrication methodologies.
At the core of this invention lies the understanding that temperature significantly influences molecular reactivity. Higher temperatures enhance the mobility and reactivity of molecules, allowing for the formation of transient species that are essential for the establishment of chemical bonds. Sulphurised esters, with their sulphur-containing functional groups, possess the potential to undergo temperature-dependent reactions.
Sulphurised esters are characterized by the presence of sulphur atoms within their molecular structure. When subjected to elevated temperatures, sulphurised esters can undergo cleavage of sulphur-sulphur (S-S) bonds, leading to the formation of sulphur radicals (R-S•). These sulphur radicals are highly reactive species that exhibit a strong propensity to engage in chemical reactions with metal surfaces.
As machinery operates and friction generates heat, the sulphur radicals (R-S•) generated from sulphurised esters can interact with metal surfaces, particularly those composed of metals like iron (Fe). The sulphur radicals bind to the metal surfaces through chemisorption, forming iron-sulphur (Fe-S) bonds. This chemisorption results in the creation of a protective layer composed of iron sulphide (FeS) compounds.
The iron sulphide (FeS) compounds act as a dynamic boundary lubrication layer. This layer exhibits excellent anti-wear and extreme pressure properties, effectively preventing direct metal-to-metal contact. The FeS layer is sacrificial, absorbing the mechanical stresses of friction and load, thereby minimizing wear, friction, and potential surface damage.
As the machinery continues to operate, the heat generated by friction sustains the formation of sulphur radicals (R-S•) from sulphurised esters. These sulphur radicals perpetuate the process of chemisorption onto metal surfaces, ensuring the continuous formation and regeneration of the protective FeS layer. This self-regenerating mechanism adapts to the dynamic demands of machinery operation.
The present invention hinges on the synergy between temperature-induced molecular reactivity and the chemical properties of thiol and sulphurised esters. The heat generated during friction effectively triggers the chemical transformations necessary for the establishment of protective FeS layers, amplifying the lubricant's anti-wear and extreme pressure capabilities.
The selection and formulation of sulphurised esters are crucial. Factors such as the activation temperature range, the concentration of sulphurised esters, and their compatibility with other lubricant components must be meticulously considered to ensure optimal performance.
The current invention can be adapted for various applications, from industrial machinery to automotive engines. By carefully tailoring the formulation of sulphurised esters and other heat-activated additives, the invention can address specific wear and friction challenges unique to each application.
In conclusion, the utilization of heat for enhancing lubricating properties through the synergy of carefully selected chemicals like sulphurised esters exemplifies the brilliance of combining molecular reactivity with thermal dynamics. By aligning these factors, this inventive approach transforms friction-induced heat into a mechanism that actively preserves machinery components, contributing to efficient operation, extended machinery life, and sustainable engineering practices.

[bookmark: _Hlk143503732]Detailed Description of the Invention

In various mechanical systems and industrial processes, lubricants play a pivotal role in reducing friction and wear between moving components. However, under conditions of elevated temperatures and loads, the performance of lubricants can be compromised, leading to decreased efficiency, accelerated wear, and increased maintenance requirements. 
To tackle these challenges head-on, the current invention presents a novel methodology that capitalizes on friction-generated heat to induce the formation of a protective film iron sulphide layer on metal surfaces. This achievement is orchestrated through a meticulously designed synergistic formulation endowed with temperature-responsive attributes.
The said invention is designed to exhibit a unique temperature-responsive behaviour, remaining relatively inert or exhibiting minimal impact at lower temperatures, and undergoing controlled transformations as temperatures rise. This phenomenon opens a range of possibilities to optimize lubricant effectiveness across a spectrum of operating conditions.
The core principle involves the temperature-dependent chemistry of sulphurised fatty acid esters. These compounds, characterized by sulphur-containing functional groups, exhibit enhanced reactivity at elevated temperatures. Upon exposure to friction-generated heat, sulphurised esters undergo cleavage of sulphur-sulphur (S-S) bonds, leading to the formation of sulphur radicals (R-S•). These sulphur radicals, highly reactive in nature, readily engage in chemisorption onto metal surfaces.
The chemisorption process involves the formation of iron-sulphur (Fe-S) bonds between the sulphur radicals and metal surfaces, particularly iron (Fe). This dynamic interaction leads to the creation of a protective boundary lubrication layer composed of iron sulphide (FeS) compounds. This layer, dynamically regenerated by the sustained heat generated during machinery operation, mitigates wear, friction, and potential surface damage by preventing direct metal-to-metal contact.
The ingenious nature of this invention lies in its ability to synergize temperature-induced molecular reactivity with the chemical properties of sulphurised esters. This marriage of thermodynamics and chemistry transforms friction-generated heat into a mechanism that actively enhances lubrication performance. The self-regenerating nature of the protective FeS layer aligns with sustainability goals by minimizing the need for frequent maintenance and interventions.
The mechanism of forming iron sulphide using the synergistic blend of sulphurised esters, canola oil, aminic-oxidant, corrosion inhibitors, and white oil is hereby described below:
The chemical formula for the sulphurised ester used in synergistic blend of biobased oils, aminic antioxidants, corrosion inhibitors, and white oil can be represented as follows:
RCOOSR'
R represents an organic group.
COO represents the ester functional group.
S represents a sulphur atom.
R' represents another organic group, often introduced through a sulphur-containing reagent.
Sulphurised esters are formed by introducing sulphur atoms into the ester molecule, typically through a chemical reaction involving a sulphur-containing reagent. The sulphur atoms become part of the ester structure, enhancing its reactivity and interaction with metal surfaces, which is useful for lubrication applications. 
Sulphurised fatty acid esters function by forming protective films on metal surfaces, preventing direct metal to metal contact, and reducing friction and wear. The reactivity of sulphurised fatty acid esters with metals at elevated temperatures is key factor in their effectiveness as extreme-pressure and anti-wear additives.
Sulphurised fatty acid esters are highly reactive, thermal stable and form metal sulphide effectively in quick heat activation.
The mechanism of sulphur carriers under extreme pressure conditions can be described as beginning with physical adsorption followed by chemisorption and finally cleavage of the sulphur and its reaction with the metal surface to form iron sulphide.
At the low temperature, sulphurised fatty acid esters protect metal surface by forming physical adsorption on metal surface via their polar end and associating with oil via their hydrocarbon chains. The result is the formation of a durable lubricant film between the surfaces. 
Adsorption plays a significant role in the progression of this reaction, as the additive attaches to the surface before the reaction takes place. When the additive has a higher affinity for adsorption, it accumulates in greater concentrations on the surface, leading to an increased reaction rate.
Adsorption is a surface phenomenon in which molecules from a fluid phase adhere to the surface of a solid or liquid substrate. It plays a critical role in various processes, including catalysis, separation, and lubrication. There are two main types of adsorptions: physical adsorption (physisorption) and chemical adsorption (chemisorption). In the context of sulphur interacting with metal surfaces.
Physical Adsorption (Physisorption): Physisorption involves weak intermolecular forces, such as van der Waals forces, between the adsorbate (sulphur molecules) and the adsorbent (metal surface). This type of adsorption is generally reversible and occurs at relatively low temperatures. In the case of sulphur interacting with metal surfaces, physical adsorption can involve sulphur molecules being attracted to metal atoms due to van der Waals forces as shown in the schematic diagram 5 and diagram 6 of the description of drawing.
With an elevation in load, a concomitant increase in temperature occurs. This temperature surge triggers a chemical interaction between sulphurised fatty acid esters and the metal surface, resulting in the creation of a polymerized layer. This layer serves to diminish friction levels under moderate loads.
In contrast, chemisorption entails the establishment of robust chemical bonds between the adsorbate and the adsorbent. This procedure generally demands elevated activation energy and exhibits a more distinct specificity. In the realm of sulphur interaction with metal surfaces, chemisorption encompasses the generation of chemical bonds between sulphur and the metal surface. This interaction frequently entails atoms like iron, as depicted in diagram 7 and diagram 8 of the description of drawing.
At high load and temperature, the sulphurised ester reacts with the metal surface and form sacrificial monomolecular inorganic Iron Sulphide boundary films, that protect bulk metal against wear damage as shown in diagram 9, 10 and 11 of the description of drawing.
To prevent the development of larger regions of direct metal-to-metal contact, which can lead to wear, it is necessary for a new layer metal sulphides to be generated through the reaction of a synergistic blend of sulphurised esters, biobased oils, aminic antioxidants, corrosion inhibitors, and white oil within the frictional area. This layer should form after the degradation of the existing layer but before any additional mechanical stress transpires. Hence, the said synergistic blend of sulfurized ester promptly engage with the metal to ensure this process.
The distinct operational role of the intricately said synergistic blend comprising sulfurized esters, canola oil, aminic-oxidant, corrosion inhibitors, and white oil which exhibit temperature-dependent properties leading to the formation of iron sulphide, counteracting corrosion, oxidation, and enhancing lubricity, is elucidated below.
Canola oil offers distinct advantages over soybean or palm oil as a carrier for lubricants, particularly in high-temperature applications. Its elevated heat resistance enables it to endure elevated temperatures without undergoing degradation, a crucial attribute for such contexts. 
Moreover, canola oil's superior oxidative stability in comparison to soybean or palm oil contributes to prolonged lubricant shelf life and performance, as it is less prone to oxidative breakdown when subjected to air, heat, and environmental factors. 
Its lower free fatty acid content compared to certain vegetable oils, including palm oil, is significant for preventing detrimental impacts on stability and performance within lubricants. Its commendable biodegradability renders it environmentally favourable, an aspect of utmost importance for lubricants used in environmentally sensitive scenarios. 
Furthermore, canola oil's enhanced compatibility with prevalent additives in lubricant formulations bolsters the comprehensive efficacy of the lubricant. Its subtle odour and colour profile make it a favourable choice for applications where the oil's sensory attributes should not disrupt the final product's qualities. This combination of attributes underscores canola oil's suitability as an advanced carrier for lubricants, particularly in demanding conditions.
The present invention represents a paradigm shift in lubrication science, where heat-generated energy is ingeniously transformed into a mechanism that preserves machinery, ensuring efficient operation and prolonged component life.
Sulphurised fatty acid esters are deliberately selected due to their inherent reactivity with metals when exposed to elevated temperatures. Their aptitude for interacting with metal surfaces under conditions of elevated pressure and temperature is a key attribute that enhances their efficacy."
When these sulphurised esters are present in a lubricant and the machinery operates under extreme conditions, the sulphur atoms can react with metal surfaces to form protective layers like iron sulphide. This layer acts as a sacrificial barrier, reducing friction and preventing direct metal-to-metal contact.
The reactivity of sulphurised fatty acid esters with metals at elevated temperatures is a key factor in their effectiveness as extreme pressure and anti-wear additives. They are designed to withstand the demanding conditions of industrial machinery operations and provide enhanced lubrication and protection against wear.
Sulphurised esters such as sulphurised olefins esters, sulphurised tall oil fatty acid ester, sulphurised synthetic ester, sulphurised cyclic ester are esters that are heat responsive. These sulphurised fatty acid esters function by forming protective films on metal surfaces, preventing direct metal-to-metal contact, and reducing friction and wear. 
Among them, sulphurised olefin esters tend to be effective choices for enhancing extreme pressure properties and responding to heat activation. These types of esters possess the necessary chemical reactivity and thermal stability to perform well under demanding conditions. Sulphurised olefin esters are designed to activate under heat and pressure, forming protective layers that reduce wear and enhance lubrication. 
The ability of sulphurised olefin esters to quickly form metal sulphides contributes to their consistent and reliable performance as extreme pressure additives. This is particularly important in high-stress applications where rapid and reliable activation is crucial for preventing damage and extending equipment life.
In summary, sulphurised olefin esters are preferred for their quick heat activation and reactivity to form metal sulphides due to their unique chemical structure, high reactivity, thermal stability, and ability to efficiently interact with metal surfaces. These characteristics make sulphurised olefin esters highly effective in enhancing extreme pressure and anti-wear properties in lubricants used in demanding industrial applications.
[bookmark: _Hlk142658705]The iron sulphide layer sacrifices itself by wearing away gradually, rather than allowing the metal surfaces to directly contact each other. This sacrificial protection prevents welding, seizing, and excessive wear.
The layer's presence minimizes the friction forces between the metal surfaces, resulting in smoother and more efficient machinery operation.
The iron sulphide layer provides a continuous supply of lubrication as the ester molecules present in the sulphurised ester continue to react and replenish the protective layer during operation.
The aminic antioxidant in the said synergistic formulation helps to prevent or reduce the oxidative degradation of the lubricant. Oxidative degradation occurs when the lubricant reacts with oxygen in the presence of heat, pressure, and other factors, leading to the formation of harmful byproducts like acids, sludge, and varnish. These byproducts can impair the lubricant's performance and potentially damage the machinery it is meant to protect. Amnic antioxidants play a crucial role in inhibiting this process. 
Amnic antioxidants are typically organic compounds containing functional groups like phenols or amines that readily donate hydrogen atoms. These hydrogen atoms can scavenge free radicals, which are highly reactive species involved in oxidation reactions.
One common amnic antioxidant is butylated hydroxytoluene (BHT). BHT has a phenolic structure, and it can donate hydrogen atoms to free radicals, breaking the chain reaction of oxidation. This helps protect the lubricant from degradation.
During oxidation, lubricants can produce acidic compounds, which can corrode metal surfaces in the machinery. Amnic antioxidants can neutralize these acids, preventing damage to the equipment.
Aminic antioxidants like diphenylamine are used to neutralize acidic compounds formed during lubricant oxidation. These antioxidants can react with acidic intermediates to form stable compounds, reducing the acidity of the lubricant.
Amnic antioxidants also help stabilize other additives in the lubricant, such as anti-wear additives or detergents. By preventing these additives from breaking down due to oxidation, amnic antioxidants can extend the overall life and performance of the lubricant.
The corrosion inhibitor implemented in the synergistic formulation disclosed herein is Alkyl diphenylamine due to its ability to effectively protect metal surfaces from corrosion and oxidative degradation. It possesses several attributes that make them suitable for this role:
Alkyl diphenylamine is well-known for their antioxidant capabilities. They can scavenge and neutralize free radicals and reactive oxygen species that form during the lubrication process. By inhibiting the oxidation of lubricant components, these compounds prevent the formation of acidic byproducts that can lead to corrosion.
Alkyl diphenylamine can form a protective film on metal surfaces. This film acts as a barrier between the metal and corrosive agents in the lubricant or environment. This barrier effectively hinders the direct interaction of metal surfaces with corrosive elements, reducing the chances of corrosion.
Alkyl diphenylamine can work synergistically with other additives commonly found in lubricants, such as detergents and dispersants. These synergistic effects can enhance the overall protection provided to the metal surfaces, further reducing the potential for corrosion.
Many alkyls diphenylamine exhibits good thermal stability, which is crucial in lubricating applications where high temperatures can accelerate oxidation and corrosion processes. The ability to withstand elevated temperatures without losing their effectiveness makes them valuable additives in lubricants for various machinery and engines.
Alkyl diphenylamine often have long-lasting protective effects. They can form stable complexes with metal surfaces, ensuring that the protective film remains intact over extended periods of operation.
Alkyl diphenylamine is compatible with various base oils, including canola oil and other additives commonly found in lubricants. This compatibility allows them to be easily incorporated into different lubricant formulations without causing undesirable interactions. This versatility allows lubricant manufacturers to optimize formulations for specific operating conditions and types of equipment.
In summary, alkyl diphenylamine is used as corrosion inhibitors in said synergistic formulation lubricants due to their antioxidant properties, ability to form protective films, synergistic effects with other additives, thermal stability, long-lasting protection, compatibility, and versatility. These qualities collectively contribute to their effectiveness in safeguarding metal surfaces from corrosion and oxidative degradation in various lubrication environments.
SUMMARY OF THE INVENTION
In the realm of mechanical systems and industrial processes, lubricants play a crucial role in mitigating friction and wear between moving parts. However, when subjected to high temperatures and heavy loads, the effectiveness of lubricants can decline, resulting in reduced efficiency, increased wear, and heightened maintenance demands.
To address these challenges, the current invention introduces an innovative lubrication methodology that harnesses the heat generated by friction to foster the creation of a protective iron sulphide film on metal surfaces. This achievement is orchestrated by means of a thoughtfully designed blend of ingredients that react to temperature changes.
This invention stands out by displaying a distinctive temperature-sensitive behaviour. It remains relatively inert at lower temperatures and undergoes controlled changes as temperatures rise. This characteristic allows for optimization of lubricant performance across a wide range of operational conditions.
The core concept hinges on the temperature-dependent chemistry of sulphurised fatty acid esters. These compounds, containing sulphur-based functional groups, exhibit enhanced reactivity at elevated temperatures. When exposed to friction-generated heat, these sulphurised esters break their sulphur-sulphur (S-S) bonds, yielding sulphur radicals (R-S•). These highly reactive sulphur radicals readily adhere to metal surfaces.
The process of adherence involves the formation of iron-sulphur (Fe-S) bonds between the sulphur radicals and metal surfaces, particularly iron (Fe). This interaction gives rise to a protective boundary layer composed of iron sulphide (FeS) compounds. This layer is constantly regenerated by the heat generated during machinery operation, counteracting wear, friction, and potential surface damage by preventing direct metal-to-metal contact.
The ingenuity of this invention lies in the fusion of temperature-induced molecular reactivity with the chemical attributes of sulphurised esters. This marriage of thermodynamics and chemistry transforms friction-generated heat into a mechanism that actively enhances lubrication performance. The self-regenerating nature of the protective FeS layer aligns with sustainability goals by minimizing the need for frequent maintenance and interventions.
The synergistic blend of sulphurised esters, canola oil, aminic antioxidants, and corrosion inhibitors, operates in a specific manner to create the iron sulphide layer. Sulphurised esters are compounds in which sulphur atoms are introduced into the ester molecule, enhancing its reactivity and interaction with metal surfaces. These esters function by forming protective films on metal surfaces, preventing direct metal-to-metal contact, and reducing friction and wear.
Sulphurised esters demonstrate unique behaviour under extreme pressure. At low temperatures, they create a durable lubricating film between surfaces through physical adsorption. As the temperature and load rise, these esters chemically bond with metal surfaces, forming sacrificial monomolecular iron sulphide films that shield bulk metal against wear.
Aminic antioxidants and corrosion inhibitors in the blend prevent oxidative degradation of the lubricant and protect metal surfaces from corrosion. Aminic antioxidants scavenge free radicals generated during lubrication, hindering degradation. Corrosion inhibitors, such as alkyl diphenylamine, form protective films on metal surfaces, safeguarding against corrosive agents.
The compatibility of these ingredients with canola oil as a carrier enhances their performance in demanding conditions. The invention revolutionizes lubrication science by converting friction-generated heat into a mechanism that preserves machinery, ensuring efficient operation and prolonged component life.
[bookmark: _Hlk143072916]In summary, this invention pioneers a breakthrough approach in lubrication science by capitalizing on friction-generated heat to create a protective iron sulphide layer through a synergistic blend of temperature-responsive sulphurised esters, canola oil, aminic antioxidants, and corrosion inhibitors. This transformative mechanism ensures enhanced lubrication, reduced wear, and extended equipment life.




DETAILED DESCRIPTION OF EMBODIEMENTS OF THE INVENTION
Embodiment 1
The invention that utilizes the heat produced by friction to strategically augment the anti-wear and extreme pressure properties of lubricants. This is achieved through a synergistic blend of heat responsive chemicals such as sulphurised esters, biobased oils, aminic antioxidants, corrosion inhibitors, as an oil additive to commercial lubricants.
Embodiment 2
The invention, leveraging friction-induced heat to facilitate the formation of a protective iron sulphide film on metal surfaces. This advancement is achieved through a meticulously designed blend of components that exhibit reactivity to temperature changes It remains inert under lower temperatures while undergoing controlled transformations as temperatures increase. This feature enables the optimization of lubricant effectiveness across a broad spectrum of operational conditions.
Embodiment 3
The invention revolves around the temperature-dependent chemistry of sulphurised fatty acid esters. These compounds, featuring sulphur-based functional groups, exhibit heightened reactivity at elevated temperatures. When subjected to heat generated by friction, these sulphurised esters break their sulphur-sulphur (S-S) bonds, yielding sulphur radicals (R-S•) that readily attach to metal surfaces.
Embodiment 4
Extending the concept, the sulphurised esters mentioned in embodiment 3 can encompass various types such as sulphurised olefin esters, sulphurised tall oil fatty acid ester, sulphurised synthetic ester, or sulphurised cyclic ester.
Embodiment 5
As elucidated in embodiment 3, the sulphurised esters are selected for their reactivity with metal surfaces under elevated temperatures, leading to the formation of the protective iron sulphide layer.
Embodiment 6
The aminic antioxidant, exemplified by butylated hydroxytoluene (BHT) or diphenylamine, plays a crucial role in scavenging free radicals, neutralizing acidic compounds, and stabilizing other additives in the lubricant.
Embodiment 7
In accordance with embodiment 1, the canola oil component of the synergistic blend is chosen for its elevated heat resistance, oxidative stability, biodegradability, and compatibility with lubricant additives.
Embodiment 8: 
In accordance with embodiment 1, the corrosion inhibitor, represented by alkyl diphenylamine contributes to forming a protective film on metal surfaces, inhibiting corrosion, and interacting harmoniously with other lubricant components.
Embodiment 9: 
The invention lies in the fusion of temperature-induced molecular reactivity with the chemical characteristics of sulphurised esters. This synergy of thermodynamics and chemistry transforms heat generated by friction into an active mechanism that enhances lubrication performance. The self-renewing nature of the protective FeS layer aligns with sustainability objectives by reducing the necessity for frequent maintenance and interventions. The synergistic combination of sulphurised esters, canola oil, aminic antioxidants, and corrosion inhibitors operates in a precise manner to create the iron sulphide layer, ensuring improved lubrication, reduced wear, and prolonged equipment life. This invention represents a groundbreaking paradigm shift in lubrication science, ensuring the longevity and efficiency of machinery.




















Patent Claims
1)  The novel lubrication methodology for mechanical systems and industrial processes, utilizing friction-generated heat to induce the formation of a protective iron sulphide film on metal surfaces. The methodology employs a synergistic formulation with temperature-responsive attributes.

2)  The novel lubrication methodology of Claim 1, designed to exhibit temperature-responsive behaviour, remaining inert or minimally impactful at lower temperatures and undergoing controlled transformations at higher temperatures, thereby optimizing lubricant effectiveness across varying operational conditions.

3)  The novel lubrication methodology of Claims 1-2, based on the temperature-dependent chemistry of sulphurised fatty acid esters containing sulphur-based functional groups. These esters undergo sulphur-sulphur bond cleavage under friction-generated heat, yielding reactive sulphur radicals that readily adhere to metal surfaces.

4) The novel lubrication methodology of Claims 1-3, wherein the chemisorption of sulphur radicals onto metal surfaces leads to the formation of iron-sulphur bonds, creating a protective boundary layer of iron sulphide compounds. This layer is dynamically regenerated through the heat generated during machinery operation, mitigating wear, friction, and surface damage.

5)  The novel lubrication methodology of Claims 1-4, showcasing the synergy between temperature-induced molecular reactivity and the chemical properties of sulphurised esters, effectively transforming friction-generated heat into a mechanism that enhances lubrication performance. The self-regenerating nature of the protective iron sulphide layer aligns with sustainability goals by reducing the need for frequent maintenance.

6)  The novel lubrication methodology using a synergistic blend of sulphurised esters, canola oil, aminic antioxidants, and corrosion inhibitors, designed to create an iron sulphide layer. The sulphurised esters possess sulphur atoms introduced through a sulphur-containing reagent, enhancing reactivity with metal surfaces, and forming protective films, reducing friction and wear.

7)  The novel lubrication methodology characterized by sulphurised olefin esters, sulphurised tall oil fatty acid esters, sulphurised synthetic esters, or sulphurised cyclic esters as sulphurised ester components, selected for their heat responsiveness, reactivity, thermal stability, and ability to interact with metal surfaces.

8)  The novel lubrication methodology of Claim 6, with aminic antioxidants functioning to prevent oxidative degradation of the lubricant by scavenging free radicals and neutralizing acidic compounds, enhancing stability, and extending the life and performance of the lubricant.

9)  The novel lubrication methodology of Claim 6, with corrosion inhibitors represented by alkyl diphenylamine, forming protective films on metal surfaces to prevent direct contact with corrosive agents, inhibiting corrosion, and providing long-lasting protection against environmental and lubricant-induced factors.

10)  The novel lubrication methodology of Claim 6, optimized for high-temperature applications, exhibiting superior oxidative stability, compatibility with other additives, and minimal impact on sensory attributes of the final product, making it suitable for demanding industrial scenarios.
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