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[bookmark: _Toc70591820]ANFO
Ammonium Nitrate and Fuel Oil commonly known as ANFO is an explosive compound developed in the early 19th Century, it is extensively used in commercial explosives but regrettably has gained notoriety due to several significant accidents and terrorist activities. ANFO is typically made up of Ammonium Nitrate and Hydrocarbons (diesel), the commercial uses include but is not limited to the quarry and mining industries, this is due to its mid-range properties when compared with more advanced Polymer Bonded Explosives (PBX). ANFO is easy to transport and to store especially when in its part components. Typically, it is mixed on site in these industries and either pored or screw augured into the bore holes. This manufacture process also gets around the difficulties and extra regulatory restrictions as placed when transporting explosive articles. If commercial organisations went with pre-mixed ANFO, they would need to cover explosive transport costs, regulations and training, there would need to be a facility on site to store the ANFO at a safe and secure standard, there would need to be emergency response plans and the list goes on. ANFO is a low-cost explosive, with the main ingredients purchasable off the shelf in many places. [1]
Due to ANFO, or rather the components of ANFO being commercially available, a work around to reduce ease of use for terror, ammonium nitrate is often mixed with non-combustible additives making it harder to derive the correct explosive qualities. ANFO has not always only been used in the commercial industry, but also in the military to replicate the effects of more high-powered weaponry, such as in Dice Throw, Pre-Direct Course and The Minor Scale Test where it was used to mimic a low yield nuclear blasts [2] [3]. 
ANFO like all explosives is not without it risks. In recent years, the number of incidents as a result of poor handling or storage, has ended with significant consequences, Port Tianjin in China and more recently Beirut in Lebanon, which resulted in many deaths and damage to infrastructure. 
[image: China ammonium nitrate market]
[bookmark: _Toc70591833]Figure 1 - Ammonium Nitrate Market [4]
Whilst the above graph is specific to China as the world’s largest manufacturer and producer, the trend as depicted can be generalised for global consumption. This is in line with the current global demographic i.e., population increase, increased life expectancy and the volume of vehicular usage and requirements. 
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[bookmark: _Toc70591834]Figure 2 - Diesel Price Globally [5]
The above shows the cost of diesel prices globally over the past few years. It has not included years 2020 and 2021, likely due to the Coronavirus pandemic. 
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[bookmark: _Toc70591835]Figure 3 - Diesel Demand Globally [6]
Despite the Dieselgate scandal back in 2015 the demand for diesel has increased, as a result the suppliers have gradually raised the price. Looking at the previous graph the price appears to be on the decline, however in certain countries the price has skyrocketed. 
[bookmark: _Toc70591821]Used Engine Oil
When it comes to defining used engine oil, it becomes almost impossible to get a base characterisation as the compositions have too many variables. From a study in Iraq which looked at the recycling of used engine oil, the optimal composition was oil that had been in use within a vehicle for an average of 3000km [7]. Obviously the longer the oil is in service the greater the level of contamination is within the mixture.
There are several overarching types of oil types that can be used, conventional motor oil, fully synthetic oil and synthetic blend oil. Conventional motor oil is just refined crude oil, this tends to contain a fairly high number of contaminants within. Fully synthetic oil goes through the same refining process as conventional oil, and is broken down further to remove the impurities, this is integral especially considering the advancements in the performance and protection requirements for modern engines. This type does however encapsulate many differences in formulation, some which could be of massive benefit in the performance and the requirements designated for ANFO use, it does however tend to be costly in comparison to other types. Synthetic blend oil combines conventional oils and synthetic oils, it provides a greater performance than that of conventional oil but not as high performance as fully synthetic oil. As with everything there are regulations/standards that oils have to meet, these are API (American Petroleum Institute) and ACEA (European Automobile Manufacturers’ Association. [8] [9]
Obviously, once used all of these oil types will have picked up additives or contaminants from the engine system which will affect its performance, which is why a limitation would be placed on the amount of time in service to be viable as an alternative. 
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[bookmark: _Toc70591836]Figure 4 - Environmental Impact Trend [10]
In a report generated in 2018 covering the Waste Oil Market - Global Industry Analysis, Size, Share, Growth, Trends, and Forecast 2017-2026, it shows the waste oil generated increasing, but equally the reprocessing of waste oils has significantly increased, this will be down to the worlds growing concern of the environment and the actioning of ‘go greener’ plans worldwide. [11]
Using used engine oil as an alternate to diesel would cut costs massively for the industries that would adopt it. Requirement for diesel would decline, demand for disposal of waste oil would reduce and the vehicular maintenance for the sites would improve, resulting in a lower carbon footprint.

[bookmark: _Toc70591822][bookmark: _Toc258256]Aim and Objectives of Study
The aim of the project proposal is to investigate the viability of utilising used engine oil as an additive to the explosive ANFO as opposed to using diesel. This would be done through the application of recycling waste oil and to reduce financial outgoings, without further detriment to the environment.
The objectives to achieve the aim are as follows:
· Define the performance baseline for ANFO incorporating diesel to measure and compare the results of used engine oil against.
· Design and implement a trial to safely measure the performance of the differing used engine oil samples when mixed with ammonium nitrate. This would need to simulate the real-world methodology, closely matching temperature and pressures that the ANFO composition would typically be subject to. 
· Evaluate and analyse the results from the trials with regards to the output against that of ANFO (diesel) and the output products as a result of the detonation.

[bookmark: _Toc70591823]Expected Outcome of the project
The expected outcome of this proposed project will be confirmatory evidence in that used engine oil is a viable alternate fuel in the ANFO explosive. A firm understanding of the characteristics and behaviours of used engine oil when used as part of an explosive will be realised. 
The output products on detonation will be analysed and fall within the environmental legislation and guidelines meaning acceptance for use from a ‘green’ point of view. 
ANFO within the explosives industry like all explosives has to undergo and meet a set criterion as based on the EMTAP Manual and UN Transport of Dangerous Goods Manual of Tests and Criteria. The below table was created using the information available in these documents for ANFO. The selected sample would have to meet the same requirements as not to increase the effort required by the industries to use the alternate.
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[bookmark: _Toc70591837]Figure 5 - Test Requirements for ANFO
[12] [13] [14] [15]
Once analysis of the output products has been done, in hand with the performance measurements, the type of used engine oil to act as a supplement will be defined. The fuel to ammonium nitrate mixture ratio will be streamlined and modified in such a way that the safety of those using the product will not be affected and that the industry requirements are still met. 
The design of the trial will have verified that the used engine oil ANFO can be manufactured and processed in the same on-site manner that ANFO diesel can be i.e., the mixing method external to the borehole would be the more likely contender. Essentially the application of a screw type auger to enable adequate mixing trials will demonstrate if there is a requirement for modification to the mixing process, namely, pitch and diameter of the auger, length of pipe, oil jet size/pressure output etc.

[bookmark: _Toc70591824]Research Methodology
Unlike many other projects, whilst there is a vast amount of information on explosives, they tend to be rather generalised or extremely specific to a subject. They don’t however in many provide true data that could be properly assessed and utilised when carrying out research or setting the baseline information required when carrying out new trials or the like. To be successful in the knowledge capture of information that would be essential to this project, it there will need to be key word searches as opposed to subject searches, moreover, the greatest learning will be initially through the experience of others and the asking of questions within the specific industries. This will however from previous practice be time consuming and will not always provide the answers sought. What is also true of this area of investigation is that little progress or development into explosives has been made really in the past 30-40 years. The fundamental research can be obtained by examining information which falls into the following categories:
· Primary Sources – these will be where possible, a collection of specific information which will be used analysed to aid in solving the problem. As previously mentioned, this subject will make it difficult to get valid information for, as such it will be a lengthy process, requiring extensive investigation into existing industry procedures, experimentation reports and technical data sheets. Some of the vital information would likely from past experience need to be financially sourced or sponsored by a government official.
· Secondary Sources – these will cover more generalised and commercially available information such as journals and books. All the information will be of work or experiments already carried out, most likely not in the past 10 years. These will not provide the in-depth nor detailed analysis of modern trials and characterisations of explosive compositions as needed but will prove useful for contextualised information.  [16] [17]

[bookmark: _Toc70591825]Research Approach
The main role of the experiment will be based on analysis, experience and exploring the relationships between the behaviours and the outputs. The project research to be carried out will chronicle all the facts as obtained. It will be based on but not limited to observation, experimentation, and validation of the proposed hypothesis. As previously mentioned, the information that will be required will not be publicly available, as such direct reports and conversation with subject matter experts (SME’s) from academic, government and industry will be analysed to assist with an improved trial theorem for this project. Observation combined with cognitive experience will enhance the decision-making process for a planned and systematic approach to find answers specific to the project. The observation and analysis of the performance and behaviours of the samples will be an integral part of the trial. The hypothesis as such is ‘Can used engine oil be used as a safe alternative in the ANFO explosive as opposed to the use of diesel’.

[bookmark: _Toc70591826] Research Strategy
As already mentioned, the experiment or trial will be the primary research strategy for this project. It will concentrate on analysis of the behaviour and output products of used engine oil in the AFNO reaction on use. Benefits for these corporations, not limited to but include reductions in financial outgoings, betterment from an ethical and environmental standpoint.
The trials will focus greatly on the product output based on the various oil samples to be used. The industry process for on-site manufacture will remain the same, with the proposed samples being tested to ensure viability for this method. 
The scope of the trial/experiment will include the following stages:
· Research of all key information required to carry out the trials safely and to select appropriate samples
· Design and build of a trail using information from previously carried out trials and experience of SME’s
· Implementation of any changes needed to be made to the project
· Testing and evaluation of the samples’ performance, output products and safety of on-site manufacture
· Input from SME’s and those within the industry that carry out the process
· Further amendments or further testing to be carried out if required
· Final verification

[bookmark: _Toc70591827]Data Collection Methods
The information and data required to aid with this project will not all be publicly available.  The information will be gathered from primarily from publications and knowledge from SME’s and those that have previously carried out such tasks. The typically online libraries as well as the university library may prove useful to a degree for background and generalised information. The sources will range from books and journals, to conference proceedings and scientific articles. However, from previous experience a lot of the text’s, where synopses are given, are not fully available, with many requiring account creations and a substantial financial cost. Some of these will be accessible via the university’s connections and industry connections though not all. [18]
Observation will be carried out for this project to get a view of how the trials should go, this shall be done via Finite Element Analysis (FEA) Modelling. There are many FEA packages available that can do this and that would prove a useful tool when observing the theoretical behaviour of the samples for the project. 
Whilst this will not necessarily provide the information required from an environmental aspect, it will provide the performance characteristics of the samples, thus aiding to eliminate samples that aren’t close to ANFO with diesel, which overall will reduce the potential for harm to occur when carrying out the trials. 
The final stage of the data collection will be once the trials have been carried out. The product outputs will be measured and recorded use techniques such as spectroscopy and chromatography, these will help to identify the reaction outputs. Once done these will be compared against current regulatory bodies such as the Environmental Agency and compared against the permissible levels of environmental exposure. This last bit of environmental information will generally be publicly available.  

[bookmark: _Toc70591828]Project Risks
Literally every project, program or undertaking is subject to risk. It is impossible to predict the delays and outcomes prior to commencement. The risks can be from hazardous substances, personnel issues or moving deadlines. Whilst the risk cannot be eliminated, with studious planning, the risk can be reduced somewhat. Part of this stage is identifying the strategic areas where failure to meet the requirements could be catastrophic in project terms. [19]
Unfortunately for every project a significant weakness in success is the people involved. This could be down to poor motivation; lack of interest in the project; poor planning at any level involved, but importantly poor information i.e., not enough fundamental information to set a baseline and carry out the experiments to company standard. These would significantly impact the scope, cost, and time of the proposed project. [20]
It is important to have a vision and to share that vision with those that will be involved. If you are able to get their buy in, then the motivational aspect should not be an issue. A project justification highlighting the benefit of the proposed work to be carried out, as well as a goal, and plan, then limitations placed should not be too overbearing. 

[bookmark: _Toc70591829]Result Evaluation
The results of the study will be evaluated on the basis of performances, behaviour, and product outputs, as well as own observation and that sought of SME’s. The analysis will be conducted applying standard practices and against regulatory body standards, meeting that of financial, ethical and environmental. The following aspects are to be considered during the study:
· Oil sample behaviour
· Oil sample performance against AFNO with diesel
· Trial analysis and tests, I.A.W the EMTAP and UN test manuals
· Environmental analysis
These allow the ease of identification of any errors and problems that could and/or would cause difficulties when applied in a real-world situation.
The analysis may identify problems in the usability of the oil samples as a replacement for diesel in ANFO. This will be carried out through the comparison against benchmark performance data as received through the testing of ANFO with diesel or previously carried out experimentation with the data available. 
The benchmarking will be against that of ANFO with diesel, it will incorporate and be assessed on the following areas:
· Explosive performance
· Product output on functioning
· Ease of on-site manufacture

[bookmark: _Toc70591830]Resources Required
The author identified the following resources that will be required to make this project proposal successful (NOTE: the following resources are inclusive only and not a limitation as further resources may be required as thew authors knowledge develops) [21]:
· Firing Chamber
· Thermoscopic Camera
· Digital recorder with microsecond freeze frame capability
· Analysis equipment (including spectrometry and chromatography equipment)
· Personnel SQEP in the use of said equipment
· PC and Internet
· FEA software 
· FEA modeler
· MS Office for standard documentation creation and correspondence
· Financial backing 
· Firing Officer
· Risk and COSHH Assessor
· Waste Disposal Co-ordinator
· Confidential storage 
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[bookmark: _Toc70591838]Figure 6 - Indicative Project Plan (Each Period equates to 1 week) [22]
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Exhibit 1: Global refined product demand
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ANFO Tests and Categorization

TEST

UN Gap Test - determines propagation of detonation
Koenon Test - determines the effect of heating under confinement
Time/Pressure Test and Thermal Ignition Test - determines the effect of
ignition under confinement

UN Gap Test - determines sensitivity to shock
Koenon Test - determines the effect of heat under confinement
Time/Pressure Test and Thermal Ignition Test - determines the effect of
ignition under confinement

Thermal Stability Test at 75°C - determines the thermal stability of the
substance

Cap Sensitivity Test - a shock test to determine sensitivity to intense.
mechanical stimulus

French DDT Test and USA DDT Test - thermal test to determine the tendency of
transition from deflagration to detonation

External Fire Test for Division 1.5 - to determine if when packaged it will
explode if involved in a fire

SERIES
1

OUTPUT RESULTS

To determine if substance has explosive properties ~ ANFO
meets the test criteria for these tests except for the.
time/pressure test_ It showed no likelihood of deflagration if
maximum pressure was reached

To determine if a substance is too insensitive for inclusion in
Class 1 - ANFO met the criteria of Class 1 only for the UN
Gap test, however because it is the most severe
assessment, it gets categorized according to the result of
this test.

To determine if a substance is thermally stable and not too
dangerous for transport in the form which it was tested —
ANFO does not transition to deflagration or detonation in
this test.

To determine if a substance may be assigned to Division 1.5
— ANFO does not explode when packaged if involved in a
fire.

This slide indicatively covers the testing and categorization requirements for ANFO based on the UN Manual of Tests and Criteria along with the UK EMTAP version.

Whilst this may seem irrelevant at this stage, it is indicative of what may need to be carried out on the used engine oil, pending further investigation into the chemical make up of it.
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