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FOREWORD 

This lab manual is designed to suit the needs of the students pursuing diploma in metallurgy engineering and acquainting 

them with the principles of metallography. The metallographic techniques are stressed, as these practices are essential for a 

metallurgist. In this lab manual an attempt is made to clarify the concepts of crystal structures, specimen preparation 

techniques, etching techniques. The students shall get clarity about microstructures of carbon steels, cast irons and non-

ferrous alloys, in particular to differentiate between various phases present in metals and alloys. The student shall also be 

trained in grain size measurements, and quantitative metallography. 

Instructor will indicate the experiments to be conducted and advise on the nature of the lab report and time of submission. 

However, a typical format for a lab report is included in this manual. It is important that all the information necessary to 

complete the lab report is obtained before students leave the lab.
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STUDY OF SPECIMEN MOUNTING PRESS AND PREPARATION OF MOUNTED SPECIMEN 

 

Objective: Preparation of a Specimen for metallographic examination. 

FOR METALS 

When preparing samples for microscopy, it is important to produce something that is representative of the whole specimen. It is not always possible 

to achieve this with a single sample. Indeed, it is always good practice to mount samples from a material under study in more than one orientation.   

The variation in material properties will affect how the preparation should be handled, for example very soft or ductile materials may be difficult to 

polish mechanically. 

Cutting a specimen 

It important to be alert to the fact that preparation of a specimen may change the microstructure of the material, for example through heating, 

chemical attack, or mechanical damage. The amount of damage depends on the method by which the specimen is cut and the material itself. 

Cutting with abrasives may cause a large amount of damage, whilst the use of a low-speed diamond saw can cause fewer problems. There are many 

different cutting methods, although some are used only for specific specimen types. 

Mounting 

Mounting of specimens is usually necessary to allow them to be handled easily. It also minimises the amount of damage likely to be caused to the 

specimen itself. The mounting material used should not influence the specimen as a result of chemical reaction or mechanical stresses. It should 

adhere well to the specimen and, if the specimen is to be electropolished (an Electrolytic process ) or examined under a Scanning Electron Microscope 

, then the mounting material should also be electrically conducting. 

 

Specimens can be hot mounted (at around 200°C) using a mounting press, either in a thermosetting plastic (e.g.phenolic resin), or a thermosoftening 

plastic (e.g. acrylic resin). If hot mounting will alter the structure of the specimen a cold-setting resin can be used, e.g. epoxy, acrylic or polyester resin. 

Porous materials must be impregnated by resin before mounting or polishing, to prevent grit, polishing media or etchant being trapped in the pores, 

and to preserve the open structure of the material. A mounted specimen usually has a thickness of about half its diameter, to prevent rocking during 

grinding and polishing. The edges of the mounted specimen should be rounded to minimise the damage to grinding and polishing discs. 

Grinding 

Surface layers damaged by cutting must be removed by grinding. Mounted specimens are ground with rotating discs of abrasive paper flushed with a 

suitable coolant to remove debris and heat, for example wet silicon carbide paper. The coarseness of the paper is indicated by a number: the number 

of grains of silicon carbide per square inch. So, for example, 180 grit paper is coarser than 1200. 

 

The grinding procedure involves several stages, using a finer paper (higher number) for each successive stage. Each grinding stage removes the 

scratches from the previous coarser paper. This is more easily achieved by orienting the specimen perpendicular to the previous scratches, and 

watching for these previously oriented scratches to be obliterated. Between each grade the specimen is washed thoroughly with soapy water to 



prevent contamination from coarser grit present on the specimen surface. Typically, the finest grade of paper used is the 1200, and once the only 

scratches left on the specimen are from this grade, the specimen is thoroughly washed with water, followed by alcohol and then allowed to dry. It is 

possible to determine the start point for grinding using the following empirical relationship where the width of the largest scratch is measured under 

a microscope: 

 

1. This prevents putting more damage into the sample than already exists; the coarsest grades of paper are often not useful. 

2. Cleaning specimens in an ultrasonic bath can also be helpful, but is not essential. 

3. The series of photos below shows the progression of the specimen when ground with progressively finer paper. 

Polishing 

Polishing discs are covered with soft cloth impregnated with abrasive diamond particles and an oily lubricant. Particles of two different grades are 

used : a coarser polish - typically with diamond particles 6 microns in diameter which should remove the scratches produced from the finest grinding 

stage, and a finer polish – typically with diamond particles 1 micron in diameter, to produce a smooth surface. Before using a finer polishing wheel the 

specimen should be washed thoroughly with warm soapy water followed by alcohol to prevent contamination of the disc. 

 

Mechanical polishing will always leave a layer of disturbed material on the surface of the specimen, if the specimen is particularly susceptible to 

mechanical damage  (or excessive force is used in the grinding and polishing stages) debris can become embedded in the surface and plastic 

deformation may exist below the surface. Electropolishing or chemical polishing can be used to remove this, leaving an undisturbed surface. 

Etching 

Etching is used to reveal the microstructure of the metal through selective chemical attack.  It also removes the thin, highly deformed layer introduced 

during grinding and polishing. 

In alloys with more than one phase, etching creates contrast between different regions through differences in topography or reflectivity. The rate of 

etching is affected by crystallographic orientation, the phase present and the stability of the region.  This means contrast may arise through different 

mechanisms – therefore revealing different features of the sample. 

In all samples, etchants will preferentially attack high energy sites, such as boundaries and defects. 

 

The specimen is etched using a reagent. For example, for etching stainless steel or copper and its alloys, a saturated aqueous solution of ferric 

chloride, containing a few drops of hydrochloric acid is used. This is applied using a cotton bud wiped over the surface a few times (Care should be 

taken not to over-etch - this is difficult to determine, however, the photos below may be of some help). The specimen should then immediately be 

washed in alcohol and dried. 

Following the etching process there may be numerous small pits present on the surface. These are etch pits caused by localised chemical attack and, 

in most cases, they do not represent features of the microstructure. They may occur preferentially in regions of high local disorder, for example where 

there is a high concentration of dislocations. 

If the specimen is over etched, i.e. etched for too long, these pits tend to grow, and obscure the main features to be observed.  If this occurs it may be 

better to grind away the poorly etched surface and re-polish and etch, although it is important to remember what features you are trying to observe – 

repeatedly grinding a very thin sample may leave nothing to see. 



 

Ideally the surface to be examined optically should be flat and level. If it is not, the image will pass in and out of focus as the viewing area is moved 

across the surface. In addition, it will make it difficult to have the whole of the field of view in focus - while the centre is focused, the sides will be out 

of focus. By using a specimen levelling press (shown below) this problem can be avoided, as it presses the mounted specimen into plasticene on a 

microscope slide, making it level. A small piece of paper or cloth covers the surface of the specimen to avoid scratching. 

 

The following table lists the most commonly used etchants. 

Etchant Composition Conc. Conditions Comments 

Kalling's 

No. 1 
Distilled 

water 
CuCl2 
Hydrochloric 

acid 
Ethanol 

33 ml 
1.5 
gm 33 
ml 
33 ml 

Immersion 

etching at 

20 degrees 

Celcius 

For etching 

martensitic 

stainless steels. 

Martensite will be 

dark and the 

ferrite will be 

colored. 

Kalling's 

No. 2 
CuCl2 
Hydrochloric 

acid 
Ethanol 

5 

grams 
100 

ml 
100 

ml 

Immersion 

etching at 

20 degrees 

Celcius 

For etching duplex 

stainless steels and 

NiCu alloys and 

superalloys. 

Kellers 

Etch 
Distilled 

water 
Nitric acid 
Hydrochloric 

acid 

Hydrofluoric 

acid 

190 

ml 
5 ml 
3 ml 
2 ml 

10-30 

second 

immersion. 

Use only 

fresh 

etchant 

Excellent for 

aluminum and 

alloys - immersion 

for 10-20 seconds 

; titanium alloys 

immersion for 10-

20 seconds. 

Kroll’s 

Reagent 
Distilled 

water 
Nitric acid 
Hydrofluoric 

acid 

92 ml 
6 ml 
2 ml 

 

15 seconds 

Excellent for 

titanium and 

alloys. Swab 

specimen up to 20 

seconds. 

Nital Ethanol 
Nitric acid 

100 

ml 
1-10 

ml 

Seconds to 

minutes 
Most common 

etchant for Fe, 

carbon and alloys 

steels and cast 

iron - Immerse 

sample up from 

seconds to 

minutes; Mn-Fe, 

MnNi, Mn-Cu, Mn-

Co alloys - 

immersion up to a 

few minutes. 



Marble's 

Reagent 
CuSO4 
Hydrochloric 

acid Water 

10 

grams 
50 ml 
50 ml 

Immerse or 

swab for 5-

60 seconds. 

For etching Ni, Ni-

Cu and Ni-Fe 

alloys and 

superalloys. Add a 

few drops of 

H2SO4 to increase 

activity. 

Murakami's K3Fe(CN)6 
KOH 
Water 

10 

grams 
10 

grams 
100 

ml 

Pre-mix 

KOH and 

water 

before 

adding 

K3Fe(CN)6 

Cr and alloys (use 

fresh and 

immerse); iron 

and steels reveals 

carbides; Mo and 

alloys uses fresh 

and immerse; Ni-

Cu alloys for alpha 

phases use at 

75oC; W and alloys 

use fresh and 

immerse; WC-Co 

and complex 

sintered carbides. 

Picral Ethanol 
Picric acid 

100 

ml 2-

4 

grams 

Seconds to 

minutes 

Do not let 

etchant 

crystallize 

or dry –

explosive 

Recommended  for 

 microstructur

es containing 

ferrite and carbide. 

Vilella’s 

Reagent 
Glycerol 
Nitric acid 
Hydrochloric 

acid 

45 ml 
15 ml 
30 ml 

Seconds to 

minutes 
Good for ferrite-

carbide structures 

(tempered 

martensite) in iron 

and steel 

 

 

CERAMICS 

Thin Sections 

To prepare ceramic specimens for transmitted light microscopy, a thin slice, approximately 5 mm thick, is cut using a diamond saw or cutting wheel. 

One surface is then lapped using liquid suspensions of successively finer silicon carbide powders. Between stages in the process the specimen must be 

thoroughly cleaned. After final washing and drying the ground surface is bonded to a microscope slide with resin. A cut off saw is used on the 

exposed face to reduce the thickness to about 0.7 mm. The specimen is then lapped to take it to the required thickness – usually about 30 µm, 

although some ceramic specimens are thinned to as little as 10 µm, due to their finer grain size. The slide is checked for thickness under the 

microscope, and then hand finished.  The slide is then covered with a protective cover slip. Lapping 

The lapping process is an alternative to grinding, in which the abrasive particles are not firmly fixed to paper. Instead a paste and lubricant is applied 

to the surface of a disc. Surface roughness from coarser preparation steps is removed by the micro-impact of rolling abrasive particles. 

Polished sections 

These differ from ordinary thin sections in that the upper surface of the specimen is not covered with a cover slip, but is polished. Care must be taken 

to prevent the specimen breaking. Sections may be examined using both transmitted and reflected light microscopy, which is particularly useful if 

some constituents are opaque. 

POLYMERS 

Thin sections 

Thin sections of organic polymers are prepared from solid material by cutting slices using a microtome – a mechanical instrument used for cutting 

thin sections. They must be cut at a temperature below the glass transition temperature of the polymer. A cut section curls up during cutting and 

must be unrolled and mounted on a microscope slide and covered with a cover slip. A few drops of mounting adhesive are used and must be 

compatible with the specimen. As always the mounting temperature must not affect the microstructure of the specimen. 

The thickness of cut slices of polymer tends to lie in the range 2 to 30 µm depending on the type of material. Harder polymers can be prepared in the 

same way as thin ceramic specimens. 



Polished sections 

These are prepared in the same way as metallographic specimens. Elastomers are more difficult to polish than thermosetting polymers and require 

longer polishing times. Lubricants used during polishing must not be absorbed by the specimen. 

As crystalline regions are attacked more slowly than amorphous ones, etching of polymer specimens can produce contrast revealing the polymer 

structure. 

 

 

OBSERVATION 
Sample No: 

 

Draw the microstructure in the circle given below and write down 

the phases 

 

 

 

Magnification used  ____________ 

 

 

The phases present in the microstructure  and the 

approximate % of major phases are 

 

Phases Present                                       Percentage 

 

 ------------------------------------------         ------------ 

 ------------------------------------------         ------------- 

 ------------------------------------------         ------------- 

 ------------------------------------------          ------------ 

 

Etchant used    ________________ 

 

From the observation of microstructure the given sample is 

…………………………………… 

…………………………………………………………………………………………………. 

Any other observation 

…………………………………………………………………………. 

……………………………………………………………………………………………….. 

…………………………………………………………………………………………………. 

 

 

Answer the following Questions 

 

1. Why specimen preparation is important in metallurgy? 

 

 

 

 

 

 



 

 

2. Why must metallographic samples be washed and carefully dried before proceeding from one grinding or polishing operation to the next? 

 

 

 

 

 

 

 

 

3. State the principle of metallurgical microscope? 

 

 

 

 

 

 

 

 

 

4. What is the purpose of etching metallographic samples? 

 

 

 

 

 

 

 

 

5. Why etchants are different for different metals? 

 

 

 

 

 

 

6. Why metallographic samples are sometimes mounted in plastic? 

 

 

 

 

 

 

 

7. Why microstructures are different for different metals? 

 

 

 

 

 

 

 

 

8. What is emery/grit paper? What is the significance of 80,200,240,320...etc 



 

 

 

 

 

 

 

 

 

9. State the different type of polishing clothes? On which basis can we select the polishing clothes? 
 

 

Grain Size Determination  
i.ASTM Method: American Society for Testing Materials (ASTM) has developed a method to specify the grain size in a specimen by a 

number G called grain size number. The grain size number. The grain size number is related to the number of grains per square 

mm at a magnification of 1X (linear). The measurement is made directly under the microscope or on a photomicrograph of the 

specimen. 

The observed grain structure can also be compared with the ASTM chart carrying grain size numbers. By proper matching the grain 

size number of the microstructure under examination is known from which the grain size diameter can be found out. In ASTM 

method the standard number of the grain per mm2 is related to the grain size number at magnification of 01X by the following 

relation:  

 

 

Note: The ASTM grain size number, N, is related to the number of grains per square inch at 100X magnification, n, by the 

relationship,𝑁=2𝑛−1Where, N is the ASTM grain size number, and n is the number of grains per square inch at 100X.   

The micrographs are always taken at magnifications other than 01X of the area not exactly 1 mm2. Conversion to 1X magnification and 

to 1 mm2 area should be made to find out the grain size number. For example, a photomicrograph of a microstructure shows 30 grains 

in an area of 30 X 40 mm2 at 250X.  

 

The ASTM data for the grain size number, number of grain/mm2 and average grain size diameter in mm is given in Table 1.  

ASTM 

no  

Grains/mm2 Grains/mm3  Ave. Grain 

Dia. (mm)  

-1  3.9  6.1  0.5  

0  7.8  17.3  0.36  

1  15.5  49.6  0.26  

2  31.0  138.0  0.18  

3  62.0  391.0  0.125  

4  124.0  1105.0  0.090  

5  248.0  3126.0  0.065  

6  496  8842.0  0.045  

7  992  25010.0  0.032  

8  1986.0  70706.0  0.022  

9  3976.0  200,000.0  0.016  

10  7940.0  566,000.0  0.011  

 ASTM  G RAIN SIZE ANALYSIS  

 

Objective  

To find out the grain size in single and multi  phase alloy systems.  

Theory  

For the grain size determination the commonly used methods are :  

i.  ASTM Method  

ii.  Heyn’s intercept method  

iii.  Jeffries planimetric method  



11  15870.0  1600,000.0  0.008  

12  31700.0  4527000.0  0.006  

 

The number of grains per mm2 at 1X and the grain size number can be found out as given below:  

Area of the photomicrograph = 1200 mm2 

At 250X (linear), the actual area will be =  

Equivalent number of grains at 1X can be obtained by the following relationship.  

 

The ASTM chart (Table 1) gives the grain size number ‘G’ as 11 for this value of n. The value of G can also be calculated by using 

equation “G = -2.9542 + 1.4472 ln n”  

𝐺 = −2.9542 + 1.4427 ln 15000 

𝐺 = −2.9542 + 1.421 × 9.6158 = 10.76 ≈ 11  

The same value of G is found from the ASTM chart (Table 1) for 15000 grains/mm2 From Table 1, the diameter of the grain is 0.008 mm. 

Let us compare it with the value obtained from direct observation. From the direct measurement, the n = 15000/mm2 

 No of grains in 1mm (linear) = 150001/2 =122.47 ~ 123  

Diameter of the grain = (same as ASTM Table) ii.Heyn’s  intercept Method :   

This method is easier than ASTM method. The number of grain boundaries intercepting a test line passing through the grains in any 

direction is counted. An eyepiece calibrated with a micrometer scale is required to take the measurement while viewing the 

microstructure. The number of boundaries intercepted per unit length of the test line, NL, can be computed if the number of 

boundaries intercepted by L mm length of the test line be n at a magnification of M.  

No of intercepted boundaries per unit length (actual mm),  

Average, intercepted grain diameter,  

Other parameters related to grain boundaries like NV , the number of grains per unit volume; SV the surface areaof the grain per unit 

voulume; 𝐴̅ , the mean planar area per grain, are related to each other and are given in Table 2. These relationships have been 

experimentally found to be correct, 𝑙̅ and 𝐴̅  are mostly used to characterize the grain size.  

Table 2: Interrelationship of Grain Size Parameter  
NL  NA  NV  l  A  V  

  

8𝑁𝑉1/3 

 
3 

-  -  -  

 2𝑁𝐴̅2/3 

 
3 

-  -  -  

 

𝑁𝐴̅= 

0.735𝑁𝐿
2 

-  -  -   -  

NL =   -  -   -  -  

 

iii.Jeffery’s Planimetric Method   

In this method a rectangle or a circle of known area commonly 5000 mm2 is engraved or drawn, as the case may be, on the eye piece 

of the microscope or on the photomicrograph. The magnification which gives about 50 grains inside the circle or rectangle is used 

for the study. All the grains which intersect the boundary of the circle or rectangle are summed up and reduced by half and are 

added into the number of grains, which fall well inside the boundary line to get the number of equivalent grains. This number 

multiplied by jeffery’s multiplier gives the number of grains per mm2. Jeffery’s multiplier gives the number of grains per mm2. 

Jeffery’s multiplier  ; No. of grains per mm2 =  

(4.2 * 2.0) = 84.0 ; Grain size = 84.0 grains / mm2 



Relationship between magnification used and Jeffries Multiplier, k, for an area of 

5000mm2 (a circle of 79.8 mm diameter) (f=0.0002M2)    
Magnification Used, X  Jeffries Multiplier, k, to 

obtain  Grains/mm2 

1  0.0002  

10  0.02  

25  0.125  

50  0.5  

75  1.125  

100  2.0  

150  4.5  

200  8.0  

250  12.5  

300  18.0  

500  50.0  

750  112.5  

1000  200.0  

 

OBSERVATIONS  

1. The microstructure obtained at 200X magnification is given below. Determine the ASTM grain size of by grain counting method.  

 

2. The microstructure obtained at 200X magnification is given below. Determine the ASTM grain size of by Heyn intercept method.  

 

 

 

 

3. Draw the microstructure obtained at ______X magnification is given below. Determine the ASTM grain size of by grain counting 

method and intercept method.  



 

Answer the Following Questions 
1. Which of the following alloys have one phase and two phases? (Brass, Stainless steel, Sn – 10%Pb), low C –steel, pure aluminium)  

 

 

 

 

 

 

2. Will the yield strength decreases or increase with the increase in the grain size?  

 

 

 

 

 

3. Why are grain boundaries visible in polished and etched samples?  

 

 

 

 

4. Does the grain size number increase or decrease with decreasing grain size? Why?   

 

 

 

 

5. Determine the ASTM grain size number of a metal specimen if 45 grains per square inch are measured at a magnification of 100X  

 

 

 

 



 

 

 

 

6. For an ASTM grain size of 6, approximately how many grains would there be per square inch at (a) a magnification of 100, and (b) 

without any magnification?  

 

 

 

 

 

 

 

7. Determine the ASTM grain size number if 30 grains per square inch are measured at a magnification of 250X  

 

 

 

 

 

 

8. Calculate the average area of a grain if the steel has ASTM grain size number 7? Calculate in inch2 as well as in mm2.   

 

 

 

 

 

 

9. Are grain boundaries desirable for high temperature structural application? Give reasons for your answer.  

 

 

 

 

 

 

10. What is the significance of this experiment? How is it related to your course of study?  



 

IMAGE ANALYSIS OF VARIOUS FERROUS AND NON-FERROUS ALLOYS  
 

Objective   
1. To be familiar with metallographic preparation techniques of non-ferrous metals   

2. To be familiar with microscopic observation of phases present in Brass & Bronze and Aluminium alloy.  

3. To interpret the microstructure with phase diagram   

Theory  
Brass is a copper-zinc alloy, whereas bronze is a copper-tin alloy. Brass is stronger than copper and has a higher 

malleability then either copper and zinc. Brass is also a good conductor of heat, has excellent acoustic properties and is 

generally resistant to corrosion in salt water. Brass is commonly rolled and extruded; however, these processes also work 

hardens and can be quanitified by metallographic analysis  

Observations  

 

Identify the Phases, Temperatures & compositions of Cu-Zn phase diagram alloy  

 

Identify the Phases, Temperatures & compositions of Cu-Sn phase diagram alloy  

 



  
Brass (Cu 70 –Zn 30) : 
Annealing causes the alloy to 
recrystallise and grow. This 
results in a single a phase  
containing annealing 

twins (cast Annealed) 

Etchant : Ferric 

chloride 

Bronze (Cu 80-Sn 20) : As 

cast copper rich bronze 

showing  
copper dendrites in a matrix 

of α (copper) and β phases  
 

Etchant : Ferric Chloride  

 

 

Sample No:   

 

Draw the microstructure in the circle given below and write down 

the phases  

 

 

 

Magnification used  ____________  

 

 

The phases present in the microstructure  and the 

approximate % of major phases are  

 

Phases Present                                       Percentage    

 

 ------------------------------------------         ------------  

 ------------------------------------------         -------------  

 ------------------------------------------         -------------  

 ------------------------------------------          ------------  

 

Etchant used    ________________  

 

From the observation of microstructure the given sample is 

……………………………………  

………………………………………………………………………………………………….  

Any other observation 

………………………………………………………………………….  

………………………………………………………………………………………………..  



………………………………………………………………………………………………….  

 

 

 

Sample No:   

 

Draw the microstructure in the circle given below and write down 

the phases  

 

 

 

Magnification used  ____________  

 

 

The phases present in the microstructure  and the 

approximate % of major phases are  

 

             Phases Present                                       Percentage    

 

 ------------------------------------------         ------------  

 ------------------------------------------         -------------  

 ------------------------------------------         -------------  

 ------------------------------------------          ------------  

 

Etchant used    ________________  

 

From the observation of microstructure the given sample is 



……………………………………  

………………………………………………………………………………………………….  

Any other observation 

………………………………………………………………………….  

………………………………………………………………………………………………..  

………………………………………………………………………………………………….  

 

 

Sample No:   

 

Draw the microstructure in the circle given below and write down 

the phases  

 

 

 

Magnification used  ____________  

 

 

The phases present in the microstructure  and the 

approximate % of major phases are  

 

             Phases Present                                       Percentage    

 

 ------------------------------------------         ------------  

 ------------------------------------------         ------------- 

 ------------------------------------------         -------------  

 ------------------------------------------          ------------  

 

Etchant used    ________________  

 

From the observation of microstructure the given sample is 

……………………………………  



………………………………………………………………………………………………….  

Any other observation 

………………………………………………………………………….  

………………………………………………………………………………………………..  

………………………………………………………………………………………………….  

 

 

  

Answer the Following 

Questions  
1. What is the most important property of copper?  

 

 

 

2. Write down the possible invariant reactions in Cu-Zn phase diagram?  

 

 

 

3. What are the different types of brasses available in market, explain with utility.  

 

 

 

 



 

4. What is dezincification? How can it be minimized?   

 

 

 

 

5. Write down the possible invariant reactions in Cu-Sn phase diagram?  

 

 

 

 

6. Differentiate between the terms brass and bronze?  

 

 

7. Classify the different types of bronzes based on alloying elements  

 

 

 

 

8. How is the core structure homogenised?  

 

 

 

 

9. What are the major applications of non ferrous metals like Al, Ti and Superalloys.  

 

 

 

 

 

 

What is the significance of this experiment? How is it related to your course of study? 
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