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[bookmark: _Toc38371428]Introduction
This report will investigate and explain two non-traditional methods of manufacturing, stereolithography and 3D printing. Also, the report will look at nanomaterial along with its modern uses. Research will be carried out in each area to explain how each work, examples will be given on where they are being used in todays world and where they are expecting the materials and methods to develop to in the future. Further information will also be drawn out to derive some of their advantages and disadvantages.























[bookmark: _Toc38371429]Literature Review/Background/Research
[bookmark: _Hlk38014311][bookmark: _Toc38371430][bookmark: _Hlk38362354]Stereolithography

[bookmark: _Hlk38040169][image: ]ALL3DP states that this is one of 3 technologies in 3d printing alongside fused deposition modelling (FDM), and selective laser sintering (SLS). It is known to be one of the oldest additive manufacturing methods and a first entry into rapid prototyping. In 1992 the world first SLA apparatus was created allowing complex parts to be printed at the fraction of the time of more traditional methods (Figure1). For this reason, it is widely considered to be one of the most popular additive manufacturing technologies (All3DP, 2019).[bookmark: _Toc38371339]Figure 1- Objects printed through stereolithography (All3DP, 2019)



Typically, an SLA 3D Printer is composed of four sections; 
· [bookmark: _Hlk38040106]A tank filled with the liquid photopolymer resin
· A platform immersed in a tank that can move up and down during the printing process 
· An ultraviolet laser
· A computer, which controls the platform and the laser. (All3DP, 2019)


[bookmark: _Toc38371431]3D Printing

When it comes to 3D printing it said the only limitation is your imagination and the capabilities of your printer. It is known to be a better way to show of a design. Models can take some time to create but 3d printing allows for efficient and cost-effective way to show this off (Woodford, 2020). Before the use of computer aided design and lasers, models were made of wood. It was a very labour-intensive work that could take weeks to completion and could prove to be quite costly. If improvements needed to be made, then this would also add to these factors (Woodford, 2020).
During the 1980 rapid prototyping became more readily available, creating a means for automated prototyping 3D printing is an extension of this idea allowing less time to be spent on things  (Woodford, 2020).


[image: ]It is utilised across a wide range of industries from medical and defence to consumer goods. Within the medial industry such things as models of organs can be printed off in order to practice surgery (Figure 2) (Woodford, 2020). This open up the possibility for real organs to be 3D printed, for this reason its clear top see why doctors were amongst the first few to experiment with 3D printing (Woodford, 2020). There have also been arms and legs that have been printed along with muscles and even artificial tissue, there is a long way to go until the first 3d printed organ but that is the direction in which the industry is moving. (Woodford, 2020)[bookmark: _Toc38371340]Figure 2- Model organ (Woodford, 2020)

[image: ][bookmark: _Toc38371341]Figure 3 - Swab test kits (Azevedo, 2020)

Currently due to the COVID-19 pandemic rapid testing has been needed and when New York ran out of swabs for testing a company called ‘Origin’ in San Francisco made its resources available to start printing medical devices, it has applied itself to develop covid-19 test kits due to this shortage. 1,500 of these swabs can be printed in under eight hours. As it stands there are 50 printers currently printing these swabs (Figure 3). (Azevedo, 2020)

[image: ][bookmark: _Toc38371342]Figure 4 - High quality model spaceplane (Woodford, 2020)

Within the Aerospace and defence industries 3d printing is used to create models of shuttles and planes so that they can be tested in wind tunnels to check their aerodynamic capabilities, printing these models allows for a cost effective way to test shapes before taking it to the manufacturing stage (Figure 4) (Woodford, 2020).



[bookmark: _Toc38371432]Nano Materials

[bookmark: _GoBack]Nanomaterials are chemical substances that are manufactured and created on a very small scale, they are known to have an internal structure on the nano scale with sizes ranging between 1-100nm. (Safenano, 2008). These extremely small engineered particles take advantage of chemical properties that exist on the nanoscale (Nancy L, 2018). They are created to have novel characteristics that feature strength and conductivity (Safenano, 2008)

Some nano materials are naturally occurring such as ash from volcanoes and soot from forest fires or they can be created unintentionally from combustion process such as welding and diesel engines. (Safenano, 2008). These are physically and chemically heterogeneous and termed ‘ultrafine particles. (Safenano, 2008) 


















[bookmark: _Toc38371433]Methods and Material
0. [bookmark: _Toc38371434]Stereolithography
[bookmark: _Toc38371435]Materials
SLA resins benefit from a range or potential formulation configurations, materials can be filled with secondary materials such as ceramic or glass sometimes they can even have mechanical properties for impact resistance or heat deflection (Formlabs, 2019). DSM SOMOS® has developed resins to assist in the manufacture for many areas from thermoplastic elastomers to polyethylene these are being widely used across a whole variety of industries from aerospace and automotive to household consumer good and furniture (Curbellplastics, 2020). Another example would be from the university of Sheffield where support from such companies as Rolls-Royce, Boeing and Airbus high temperature resin is being used to print more springy components.

[bookmark: _Toc38371436]Methods
[bookmark: _Hlk37875669]Using CAD software to make a 3D design a standard tessellation language (STL) file is created then through such software as ‘CURA’ it will slice the file in order to create a g-code (All3DP, 2019). Laser draws first layer in photosensitive resin, where the laser hits the liquid hardens, then the software directs the coordinates via a computer-controlled mirror. Once first layer is done the platform Is raised around 0.1mm depending on layer thickness additional resin can still flow due to previously printed section. The laser then move onto the next section and the process is continued until the part is complete (All3DP, 2019). Once finished the platform is raised out of the tank and all excess resin is drained, the model is then removed from the platform and any excess resin is washed away. Finally, the model is placed in a UV oven for curing allowing it to reach highest strength. It’s worth noting that Any remaining resin is left in the vat and can be reused (All3DP, 2019). It is said that the parts that are created using this method are the highest accuracy and smoothest that 3d printing technologies can make. Yet the main benefit of SLR printing lies in its versatility (Formlabs, 2019).

[image: ]
[bookmark: _Toc38371343]Figure 5 - SLA printer (Formlabs, 2019)


[bookmark: _Toc38371437]3D Printing
[bookmark: _Toc38371438]Material
The materials you print with modern 3D printing were invented about 25 years ago and overall it's still considered a relatively new technology, so it's only really been in the past 10 years that they began to take off (Woodford, 2020). Thermoplastics are used primarily in 3d printers meaning that the plastic is melted when its heated to 100°C and then they solidify once they are cooled, these plastics are called acrylonitrile butadiene styrene ABS. Lego brick are also created from these plastics as well as many car interior and computer parts. Theoretically it is possible to print any molten material that can solidify quickly. There was even a prototype food printer created in Exeter’s university in 2011. This used molten chocolate as the material. (Woodford, 2020). 

[bookmark: _Toc38371439]Methods
Much like an inkjet printer that is operated from a computer 3d printers move around via computer control through use of computer aided drawings. extruding the molten plastic through a nozzle, Layer by layer the nozzle works around the model waiting for each layer to cool in a method known as fused depositional modelling FDM. Over a period of hours, the model will be complete and deepening on the quality of the printer will determine the looks of the final piece. (Woodford, 2020)

[bookmark: _Toc38371440]Nanomaterials
[bookmark: _Toc38371441]Material
The crystal structure of nanomaterials can arrange themselves on the atomic level in order to create lattice structures, these are formed due to changes in pressure and temperature. This means that different crystal structures can exist depending on the material and elements that it holds (Nanopartikel, 1999).Iron oxide, silicon dioxide and carbon are amongst other nanomaterials that cane come in different crystal structures. Varied crystal structures are relevant for varied applications that can also affect their behaviour. Carbon for example can be in the form of a Dimond or graphite, Dimond is used for cutting concrete graphite used as lubricant. Essentially the crystal structure is key to influencing the behaviour of materials. (Nanopartikel, 1999)

[image: ]
[bookmark: _Toc38371344]Figure 6 - Titanium Dioxide crystal structure (Nanopartikel, 1999)


[bookmark: _Toc38371442]Methods
Nano materials are used across a wide range of industries that include health care, air purification, environmental and cosmetics (twi-global, 2017). The application of these materials come in many forms such as nanoparticles, nanowires and nanotubes:

Nanoparticles
Widley used in the cosmetics industry, mineral nanoparticles are used like titanium oxide for use in sunscreen. These can provide UV protection while having an added advantage of removing cosmetic whitening (twi-global, 2017). Nanoparticles can also be used to clean up oil spills water and air pollution (Understandingnano, 2007)

Nanowires
Within the environmental sector zinc oxide nanowires are being developed to be used in flexible solar cells and to help play a role with polluted water. (twi-global, 2017). While they can be also be used to create a denser computer memory (Understandingnano, 2007).

Nanotubes
Aerospace use nanotubes for assistance in the morphing of aircraft wings with applied electrical voltage. (twi-global, 2017) and coating nanotubes with silicon can create anodes can up the capacity of an Li-on batterie by 10 times (Understandingnano, 2007).

Antibacterial nanomaterial is also being used in things such as towels and mats to help tackle illnesses through bacteria. (twi-global, 2017). Sonal Padalkr from Iowa state university worked out how to place nanomaterials on cloth and paper (Krapfl, 2020). metal oxide nanomaterials are utilized all scale down to billionths of a meter and possess these antimicrobactial properties the nanomaterials puncture the cell walls of single cell microbes of bacteria so the theory is that placed on a wipe it would cause an effective chemical free disinfecting wipe (Krapfl, 2020). 

[image: ]
[bookmark: _Toc38371345]Figure 7 - Sample of carbon cloth coated with zinc oxide (Krapfl, 2020)

Padalkr is also looking into puncturing the microbe cells of viruses. In the current climate there is plenty of evidence that shows that this will be beneficial across all workplaces and in hospitals and schools (Krapfl, 2020)

Elsewhere in the healthcare system nanomaterials are used to deliver drugs to patients. An example of this the use of nano materials to transport chemotherapy drugs directly to cancerous growths. (twi-global, 2017). Assistant professor  Xiaoh Xia who works in the University of central Florida [image: ]nanoscience department has helped development of over the counter cancer tests that can be as easily used as pregnancy tests (Montalbano, 2020). The key to the functionality of the material is down to their hollow interiors and highly sensitive biosensors Xiaoh says. These hollow nanomaterials are made of gold and silver alloys that are known to have superior optical properties, the combination of these material and technologies could be sensitive enough to pick up certain types of cancer he says (Montalbano, 2020).[bookmark: _Toc38371346]Figure 8 - Professor Xiaoh Xia (Montalbano, 2020)


















[bookmark: _Toc38371443]Analysis 
[bookmark: _Toc38371444]Stereolithography

Advantages
· One of the most precise 3D printing techniques 
· High quality prototypes, with finely detailed features and complex geometrical shapes. 
· Layer thicknesses can be as low as 25 μm, 
· tight dimensional tolerances +/- 0.005″ (0.127 mm) for the first inch, and an additional 0.002″ for each additional inch.
· Smooth finish High build volumes while keeping precision.

Disadvantages
· Printing can take a long time.
· Needs to support structures during the building process. parts may potentially collapse during printing or curing phases.
· Resins are comparatively fragile and therefore not suitable for functional prototypes or mechanical testing.
· limited material and colour choice. 
· Resins are oftentimes proprietary and therefore cannot be easily exchanged between printers from different brands.
· High costs

[bookmark: _Toc38371445]3D printing
Advantages
· Flexible design process
· Rapid prototyping allowing parts to be made in hours.
· Printing on demand means that less stock inventory is needed, all files can be stored virtually.
· Strong and lightweight parts.
· Fast design and production. Objects can be printed in hours making it quicker than moulded machine parts.
· Minimises waste saving on resources and helping to be cost effective.
· Becoming more and more easily accessible.

Disadvantages
· Limited Materials
· Restricted Build Size due to having small print chambers.
· Post Processing is needed to clean off supports and add a smoother finish
· Once scaled up to large volumes the cost per unit does not reduce as it would with injection moulding
· Reduction in human labour manufacturing Jobs
· 8. Copyright issues may occur as the possibility to creak counterfeit products can arise


[bookmark: _Toc38371446]Nanomaterials
Advantages
1. Their size gives them drastic advantages compared to more bulky materials.
2. Ability to tailor them to your need.
3. Energy sector can make the use of solar panels more effective and cost efficient along with opening new ways to store energy.
4. Can increase the accuracy in construction of electronic circuits on atomic level.
5. Surface to volume ration allows bonding of cells to active ingredients, used in medical field help with combating virus diseases.

Disadvantages
1. Not much info on health and safety aspects of exposure to nanomaterials.
2. Inhaling exposure is a concern. Detrimental pulmonary fibrosis has been discovered by studies on animals
3. Indigestion is also a risk and dust explosion hazards
4. Due to gaps in knowledge Complex and expensive manufacturing process.
5. Potential negative environmental effects suggest that nano materials in sunscreen may end up in the ocean when they are washed off.
6. Despite being on a nano scale fears arise over a lengthen period.



[bookmark: _Toc38371447]Conclusion 
With the advances that are continuing to be made with these technologies its hard to imagine how far they can develop over the course of the next few year. Seeing them being used during the current pandemic shows their full potentials. Despite there still being accessibility issues within them the boundaries are constantly being pushed. 
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