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For many years, mankind has been using tools built from various different materials, made by different processes, many of which were metal, wooden and various types of rock. Only recently have we been using plastics and resins for everyday use. And after the kick from the industrial revolution, we have rapidly produced many new and improved materials for all sorts of everyday jobs. As a whole, we are still increasing in number and as we are, our technology and need for it constantly increases. Every day, we find new ways to create something, and we find new things to create. Some of these inventions have been distributed across the globe that many people use for creating their own things, such as machines and printers.


3D Printing
3D printing is a form of printing, but on a 3 dimensional scale, to make many different shapes and objects that would be otherwise hard to make. Although it takes an increasing amount of time the larger the object being made, it can be incredibly accurate. As you would also expect, the cost would also increase as the amount of filament increases. However, you may be more concerned about getting your hands on a 3D printer in the first place, as they can be quite expensive.

In order to make your desired object, you must first understand how the whole printer works, and how to complete the each stage of the whole process. Before even touching the machine, you have to design what you want to print off on a computer, using Computer Aided Design (CAD). Alternatively, you could take pre-made design from a website, (such as https://www.thingiverse.com/,) and use that as it may save some of your time. Once you have your design, you should find a way to transfer the data of the design from your computer to the printer. Next, you must prepare the printer before starting the process. Make sure that all the components of the printer are set up and that nothing is broken or blocking the parts. There should be an instruction manual or booklet for each printer, and they should all be fairly similar. Once you have done that, place the filament into the feeding tube. It is here that the long cord of filament will be fed into the machine, heated until it has melted and then dispensed through a nozzle. As the material is now liquid, it is easier to manipulate and so it can be very accurately controlled. Once you start the process, the printer will move the nozzle side to side, dispensing the molten plastic onto the bed. It will do one layer of the shape at a time until it is complete, and then it will move onto the next layer, and so on, until the object is complete. You may have to wait some time as the object may be quit hot, as it used to be liquid plastic.
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Fig. 1 above shows the main components of a 3D printer

The most common materials used are Thermoplastics (such as PLA and ABS). Thermoplastics are types of plastics that are hard when they are cool, but become soft when they are heated, which makes them especially good for 3D printing. The best quality 3D printers can work with most of the materials used for 3D printing, as well as some metals such as Titanium and Bronze, and even some ceramics. Of course, each material is better at some things than others, as they all have different properties, so it would make sense for a 3D printer to use as many different materials as possible in order for the consumer maximise the amount of products they would be able to create.  
Although the whole process can be very time consuming, it can be well worth the wait as the results can be more accurate than anything made by a human hand. “Industrial FDM printing has a dimensional tolerance of ± 0.15% and a lower limit of ± 0.2mm.” (Nutma, 2019). So from this information we know that they can be very accurate. However, this accuracy comes at a cost, as it can be fairly expensive, depending on the type of printer you purchase. According to the website Fusion3, the cheapest 3D printers cost between $200 and $400 (£163 and £326,) and the most expensive Industrial style 3D printers cost between $20,000 and $100,000 (£16300 and £82000). And that’s just for the bulk of the machine itself, without having to pay for the filament or the power.
As most things go, there are many advantages, and many disadvantages. For instance, the safety required is at its minimum, as all you are expected to do is be patient and resist the urge to touch the liquid filament. As mentioned above, the accuracy is far better than anything that could ever be made by a human hand. The downside is the cost and the fact that some of the shapes are not possible to make, for example shapes that overlap. This is due to the fact that the liquid cannot hover above the ground, and needs support. This could be solved by adding supports around the outside, but that would cost more as some small parts would be wasted. Another plus side is that if you are using another manufacturing process such as sandcasting, then you only need to make one pattern in order to make many more out of a different heated liquid, as you can reuse the pattern multiple times, assuming the pattern can be sand casted in the first place. 
Future generations may be totally dependent on 3D printers, as recently people have found ways to print whole houses, which could solve problems of housing. According to Don Reisinger from the website Fortune, “the homes would cost just $10,000. And ICON hopes that eventually, it can bring the cost of homes down to $4,000.” (Reisinger, 2018). There are many other uses for 3D printing such as making internal organs for the human body, and even making food. Maybe 3D printing could be the answer for every problem we have in the future.
Stereolithography
Stereolithography (SLA) is another modern method of printing an object, used to create prototypes, models and many other objects the user chooses to make. It is considered to be another type of 3D printing, but only using a different style to make small sized shape or model. Unlike 3D printing however, the machine works from top to bottom, instead of bottom to top, hence it always needs additional supports to keep it in place.
Similarly to a 3D printer, you must first make or find a design online. A small tub is filled up with resin, and the build platform is then dipped into the resin. An Ultraviolet laser, fired from underneath the tub full of resin, targets the points that are solid in the design. The laser hits the points of the liquid that it targets, which then solidifies. This whole process is repeated until the layer is complete, and then it moves onto the next layer by dunking the already solidified plastic into the resin again. The base is then lifted out of the resin again, so that the laser shines on the liquid stuck to the solid plastic, and the rest of the excess resin falls off. Once this whole process has completed, the object is taken off the stand and then is dunked in some rubbing alcohol to remove any excess resin that has remained on the part. If there are any extra supports to keep the model steady during the process, they should be clipped off.
Stereolithography can be used for a wide variety of uses, as there are multiple resins that can be used, and as a result has different properties when they are in their solid form. Like the FDM 3D printer, it can be as accurate as “four times finer than a human hair” (Formlabs, 2015). All of these resins are thermosets, which means if a significant amount of heat or some radiation hits them, they permanently turn solid. This irreversibility can be quite useful, as the resin itself is quite toxic, and as a result are skin irritant. “the resins used in SLA 3D printing are not inert and are actually a skin-irritant in their uncured form. Make sure you have the proper Personal Protective Equipment (PPE) whenever you are working with your SLA 3D printer.” (Richter, 2018). Due to the fact that the resin is irreversible, the plastics are usually quite strong, and can be somewhat flexible if printed thin enough. This also means that you can dispose of the product once it has fully solidified, but until the resin has solidified, you must keep it properly contained to avoid harming anyone. “Fortunately, any leftover liquid resin in the resin vat can be safely reused.” (Flynt, 2019). This means that you can reuse the resins as many times as you want, as long as you have enough of it. Once you run out, you will have to purchase another bottle, and they are not cheap. “The average 3D printer material cost for standard SLA resins is approximately $50 per liter.” (Gregurić, 2019). And that’s just the cheapest resins (in USD), and according to the same website the most expensive resins can cost as much as $500 per litre for special resins such as ceramic or dental resins.

Self-healing materials
Self-healing materials are materials, non-surprisingly, that can self-heal. They are materials that do not rely on human intervention to be complete with no deformations. There can be many things that heal on their own, such as human skin, but these are not considered to be materials. Some examples of self-healing materials could be concrete, metals, and polymers, although obviously the majority of them are not self-healing, as this is a moderately recent discovery.
According to Richard McPartland, there are a few different way concrete can self-heal. He says that one of the ways is “Healing agents – Microcapsules containing various healing agents are mixed with regular concrete mixes. Once the material sets, the capsules sit untouched until a crack ruptures a capsule releasing the healing agent into the crack plane. This stops the ingress of harmful substances and helps recover the strength of the structure.” (McPartland, 2016). He goes on to explain other various ways concrete can self-heal, such as through bacteria and memory polymer tendons.
One of the downsides is that at the moment, these materials can be very expensive. “Currently a cubic meter of bio-concrete costs about 200 Euros or approximately 239 US Dollars.” (Anon., 2020). Fortunately, self-healing materials do last longer, but the cost of replacing old materials with new non-renewable may be cheaper than replacing them with expensive new ones that last a bit longer.  
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