Quantitative Metallography

Laboratory Experiment #6

MET231 Laboratory


This is a two-week laboratory.  The first weeks lab is outlined at http://glenstone.sdsmt.edu/My-files/labs/05Metallography06a.doc  
General Introduction to the Subject of Quantitative metallography

Polished and etched samples will be quantitatively analyzed with respect to the microstructure of the material.  Analysis of two-dimensional space allows the practicing metallurgical engineer to infer the three-dimensional morphology of the sample.   Such analysis is referred to as quantitative metallography, or alternatively as quantitative Stereology.  Quantitative analysis commonly involves determination of phase amounts and grain size.  These parameters can directly affect the mechanical properties, especially the strength of the metal.  

Manual Quantitative Metallography


Traditionally, the metallurgical engineer has relied on so-called manual methods to quantitatively determine the microstructure of a metal.  Several manual methods are still commonly used in industrial settings. 


Chart Method


 The standard chart method
 involves viewing the sample while continuously referencing to a standard chart, which contains micrographs at the same magnification as the sample with varying percentages of the parameter(s) in question.  This process allows the sample to be directly compared with standard samples and the most representative microstructure determined.  This type of analysis is especially useful in process environments where large number of samples is routinely analyzed. In short, it is a quick inexpensive method of analysis.


Counting Method


Another manual method of quantitative metallography is direct measurement/counting of a metallographic parameter by the operator.  This method is labor intensive and to a large degree has been supplanted by automated image analysis.


A common example of manual quantitative metallography is grain size number, n, determination.  The grain size number can be found from the equation given below:






n = 2G-1


(1)

where:     
n = number of grains per square inch at 100X magnification




G = ASTM grain size number


As can be seen from Equation 1 the grain size number increases as the number of grains per unit area increases.  Table 1 shows the relationship between grain size number, G, and grains per square inch at 100X.  The use of Equation 1 will be demonstrated during the laboratory session.

Table 1.
American Society for Testing and Materials (ASTM) Grain Sizes.  A complete table is found in the standard ASTM E112.

Grain Size Number, G
Grains/in2 at 100X




1
1.0




2
2.0




3
4.0




4
8.0




5
16.0




6
32.0




Jeffries Planimetric Method (measurement units, mm)


A circle is drawn on the figure with a diameter of 79.8 mm.  This defines an inscribed area of 5000 mm2.  Figure 1 is an example of austenitic steel with some fine pearlite decorating the grain boundaries.
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Figure 1.  This is Figure 6-8 from George Vander Voort’s text.
  The original magnification of this image is 100x. The circle in the original photograph has an inscribed circle with a diameter of 79.8 mm.  The enclosed area is 5000 mm2.
The grain size number obtained for this photomicrograph is 3.89.  Confirm this result.
The number of grains per mm2 is computed using the equation: 

, where M is the magnification of the photographic image, n1 is the number of grains completely in the inscribed area and n2 is the number of grains intersecting the perimeter of the test area.  The ASTM grain size number is then computed using the equation: 



Triple Point Method (measurement units, mm)


As with the Jeffries method, a circle is drawn on the figure with a diameter of 79.8 mm.  This defines an inscribed area of 5000 mm2 .  Figure 2 is a photomicrograph of low carbon steel.  The value of NA is computed using the equation: 

 where P the count of the number of grain boundary triple points and AT is the area of the inscribed area at 1x magnification.  The ASTM grain size number is then computed using the equation: 
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Figure 2. This is Figure 6-9 from George Vander Voort’s text.
  Low carbon steel originally photographed at 500x magnification.  The circle in the original photograph has an inscribed circle with a diameter of 79.8 mm.  The enclosed area is 5000 mm2. The grain size number obtained for this photomicrograph is 8.85.  Confirm this result.
Automated Image Analysis


In the 1970s the coupling of dedicated personal computers with optical microscopes allowed quantitative metallography to become an automated process.  This method of metallography falls under the broad category termed image analysis.  Like optical microscopy, quantitative image analysis utilizes the reflective properties of the sample to allow the phases/boundaries of the microstructure to be distinguished.  Unlike traditional optical microscopy, the micrograph is divided into discrete optical units called pixels.  The dedicated computer is used to record pixel information, which is then used for quantitative metallographic analysis.  Common parameters determined during image analysis are microstructure area, perimeter, length, width, grain size and area fraction of phases present in the microstructure.

Laboratory Exercise
Automated Image Analysis
Procedures for ASTM #112 Grain Size Determination and Area Fraction Measurements are found in the Virtual Laboratory tutorial.  Visit :  http://www.hpcnet.org/virtual-lab
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