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Introduction
Crystallographic inspection technices are used to inspect materials at a nano-scale resolution to investigate the size and geometry of crystals within metallic materials. It is used to find out the arrangment of atoms in any crystalline solids. Within this report, a comparason of numerious different technices, their capabilitys, limitations and examples of images and data that can be produced. 
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Description automatically generated]Polarised microscopes are the most basic inspection method, and where all other inspection methods are built from. A Polarised microscope works by shining a intense light towards the work piece and the lights relfection is then recived by the camera or eye piece, creating a image for the user. This method is widely used because of its widly univeral uses and user friendly capabilitys, but because it doesn’t have that much technologie requirements , it has a lot of limitations capared to other inspection methods that will be covered in this report. The most common microscope has a range of magnifacation between 2x to 100x which is a good magnifacation dependant on what is to be tested and how fine the detail of the image needs to be. Most standard microscopes don’t have the capability to inspect off angled specimens and require a near enough perfectly flat sample other wise the image wil become blurry. The main benefits from using a polarised microscope is that it’s a quick easy and relativly cheep method that requires little to no intensive training to use.					                                    
Polarised microscopes have a unique capability to messure anything available on the screen. These photos were devloped by Gestamp tallent, in theses photos common mesurements have been used to mesure coating and diffusion layer. These messurements can be applied to mesuring crystals and orientations.

Scanning Electron Microscopy (SEM)
[image: ]Scanning electron microscope is a type of electron microscope that scans the surface of a sample with a focused beam of eletrons, the eletrons act together with the atoms in the work piece to produce images and compositions of the specimen. Electrons are generated at the top of the column,and propelled down, passeing through a series of lenses and apertures to produce a focussed beam of electrons that strikes the sample's surface.the sample is put on a stage in the chamber region, and both the column and the chamber are evacuated by a combination of pumps.  (nanoScience, 2021) 
Strengths
· The SEM is essential in any field that requires solid material characterisation.
· While the focus of this contribution is on geological Scale.The majority of SEMs are rather simple to use, having user-friendly interfaces.
· Minimual sample preperation.
· Data collection is very quick with a average of 5 minutes per image generated.
· Generates data in digital formats to give high protability.
(Swapp, 2021)
Limitations
· The samples has to be solids and must fit in a 100mm x 40mm chamber to be able to operate .
· Samples must be stable in the vacuum chamber , samples that are expected to ‘outgas’ at low presure are unsuitable for inspection in conventional SEMs.
· Rocks soaked in hydrocarbons
· ‘Wet’ Samples like coal
· Orgainic materials
· Swelling clay
· Most SEMs use a solid state x-ray detector (EDS), and while these detectors are very fast and easy to utilize, they have relatively poor energy resolution and sensitivity to elements present in low abundances when compared to wavelength dispersive x-ray detectors (WDS) on most electron probe microanalyzers (EPMA).
(Swapp, 2021)
[image: ]This is a example of what a SEM can produce, this is a microstructure of stainless steel, and it is everdent that a SEM can produce a incredably sharp image. SEM have the capability to identify chemical composition

Transmission electron microscopy (TEM)
[image: ]Transmission electron microscopes (TEM) are microscopes that observe specimens using a particle stream of electrons and produce a highly magnified image. Tipcally a TEM can magnify specimens up to two million times. (University of California, 2021)
[image: ]In a TEM process, the electron gun fires a concentrated beam of electrons at high speeds, the beam is then forced into a small thin beam by the condenser lens. At its highest speed, the electrons pass through the thin work piece and out the other side, The objective lens focuses the portion of the beam that is emitted from the sample into an image. (Deborah Fields, 2019)
SEM and TEM are both simular in operations but very different in its capabilitys. The main difference is that a SEM creates images by detecting reflected electrons, while TEM uses transmitted electrons to generate images. In conclusion, TEM presents more significant information of the inner structure such as crystal structure, morphology and stress state information, meanwhile SEM provides information of the copostion and the specimens surface being inspected. (Thermo Fisher Scientific, 2021)
[image: ][image: ]Both of these images have been taken of a cotton stem, both looking at the same area but one image was generated with a generic polarised microscope and the other with a TEM, the obvious difference is the level of detail obtained by the TEM and the magnifacation it has achived to be able to inspect ever little part of the cotton cell.
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[image: ]Electro Backscatter Diffraction  (EBSD)
EBSD is a SEM based technique that scans electrons to give crystallographic information from samples microstructure. In EBSD, a stationary electron beam interacts with a tilted crystalline sample and the diffracted electrons form a pattern that can be detected with a fluorescent screen. (Oxford Instruments, 2021)
The diffraction from the beam shows characteristics that can be used to define crystal structures, orientations and grain boundaries in a sample.
[image: ] The determined orientations are normally described by a set of Euler angles. Euler angles are the most used way to describe the specimen’s orientation relative to the crystal, where each crystal structure has been given a certain reference orientation. This involves rotating one of the coordinate systems about various axes until it comes into coincidence with the other. There are several conventions on how the rotations are to take place. (Oxford Instruments, 2021)
EBSD covers a wide variety of materials, this becomes useful as means that the process universal and have the capability to cater to majority of industries. EBSD has an advantage in the identification of crystal orientations and microstructures compared with the traditional methods. It can observe the grain boundary types, misorientations, and the distribution of them, and the statistical measurement and quantitative analysis also can be carried out. (Kazmiruk, 2012)
[image: ]
This table shows all the common EBSD measurements that are taken dependant on what material is to be inspected. This gives the method a wide range of capabilities.




[image: ] [image: ]
The best way to create a orientation map is by using a three Euler Angles with a RGB colour method. The euler colour map gives a good presentation of the microstructure. One common issues is that small changes don’t correspond well with the colour scale, that can cause confusion when looking at a Euler map.
X-Ray Defraction (XRD)
[image: ]X-ray diffraction (XRD) is a technique for analysing the atomic crystallographic and molecular structure of any materials. It works most effectively with materials that are crystalline. The technique is also known as x-ray powder diffraction because the material being analysed commonly are finely ground down to a uniform state. Diffraction is when light bends slightly as it passes around the edge of an object or encounters an obstacle. The degree to which it occurs depends on the relative size of a wavelength compared to the dimensions of the obstacle or aperture it encounters. (SCiMED, 2021)
To prepare the material for inspection, the material needs to be ground down to a fine powered, the grinding process needs to be down in a liquid to minimise any added surface energy to the work piece. The power needs to be ground down to a minimum of 10µm. then the sample can be placed inside the machine. (SCiMED, 2021)
The typical measurements that can be made are:
· Single-crystal crystallography
· Powder Diffraction
· Fiber Diffraction
· Grazing Incidence Diffraction and X-ray Reflectivity.
· Small-Angle X-ray Scattering.
(Datasqueeze Software, 2018)
The main advantages			   The main disadvantages 
Rapid at identifying unknown materials	   powder materials need to be homogeneous to identify
Requires minimal sample preparation	   samples need to be ground down to powder
Results and data are straight forward	   If the crystal sample is non-isometric, then the indexing of 
XRD tools are widely available 		  patterns can be complex when determining unit cells
[image: ]Sample Preparation
[image: ]In order to inspect materials, a sample needs to be sectioned by using any cutting method, to obtain a flat surface and to be cut in to a approprate size. samples then need to be mounted using a hot mount press, or a mixture of resins to cold mount the sample, dependant if the sample can stand up on its own,a series of grinding and polishing using numerious disks with a variety of different grips, diamond suspentions are used to give the disks further and finer polishing to obtain the materials true face and structure.once all of the polishing has been completed. The samples need to dipped in to a etchant dependant on the material. The etchant is used to show the samples microstructure for the capability for inspection.
[image: ]




Conclusion
Within this report, a wide variety of different methods for crystallographic inspection have been covered, but there is no clear winner to what method is the best for this inspection. It really depends on how much information the user needs, whether they require a simple image or dove down into every little information like chemical composition. American laboratory has mentioned that they think X-Ray diffraction is best suited dependant on the frequency of checking crystals daily, and that the fact that X-Ray Diffraction can provide more information that other inspection methods. (Keppler, 2011)
But it is personally believed that EBSD inspection method would be preferred as it can offer orientation inspection, grain by grain texture. EBSD requires minimal sampler preparation that doesn’t need to be perfect as XRD requires.
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A Transmission Electron Microscope (TEM) allows to magnify images
of very thin samples down to atomic resolution.
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MATERIALS AND ETCHANTS

Some examples of a wide varlety of etchants are listed below:

Carbon steels High alloyed steels High alloyed steels

Aeonalc nirc acia Color etchants (Beraha, Lichtenegger) withV2Adye or  Electrlytic etching with oxaic acid
Adier-etchant containing hydrochloric acid

Aluminum and alloys: Copper and alloys

Barker Modifications of Klemm's reagent.
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