
 

EXPERIMENT NO.4 

 

AIM: Study of Iron-Iron carbide equilibrium diagram. 

DIAGRAM: 

 

 

  



Fig: Iron-Iron Carbide Diagram 

DESCRIPTION: 

                           Alloy of carbon and iron form a equilibrium diagram which includes steel 

and cast iron. Iron carbon alloy contains upto 2% carbon known as steel and more than 2% upto 

6.67% are known as cast iron. 

Figure shows the equilibrium diagram for combinations of carbon in a solid solution of iron. The 

diagram shows iron and carbons combined to form Fe-Fe3C at the 6.67%C end of the diagram. 

The left side of the diagram is pure iron combined with carbon, resulting in steel alloys. Three 

significant regions can be made relative to the steel portion of the diagram. They are the 

eutectoid E, the hypoeutectoid A, and the hypereutectoid B. The right side of the pure iron line is 

carbon in combination with various forms of iron called alpha iron (ferrite), gamma iron 

(austenite), and delta iron. The black dots mark clickable sections of the diagram.  

Allotropic changes take place when there is a change in crystal lattice structure. From 2802º-

2552ºF the delta iron has a body-centered cubic lattice structure. At 2552ºF, the lattice changes 

from a body-centered cubic to a face-centered cubic lattice type. At 1400ºF, the curve shows a 

plateau but this does not signify an allotropic change. It is called the Curie temperature, where 

the metal changes its magnetic properties.  

Two very important phase changes take place at 0.83%C and at 4.3% C. At 0.83%C, the 

transformation is eutectoid, called pearlite.  

gamma (austenite) --> alpha + Fe3C (cementite)  

At 4.3% C and 2066ºF, the transformation is eutectic, called ledeburite.  

L(liquid) --> gamma (austenite) + Fe3C (cementite) 

 

PHASE IN Fe – Fe3 C EQUILIBRIUM DIAGRAMI :- 

 -FERRITE :- It is interstitial solid structure of carbon in .  − iron is found above 14100 C crystal 

structure of  -Fe is B.C.C. and temperature ranges from 14100 C to 15380 C. The max solubility of 

carbon is  -iron is 0.1% C at 1495 0 C  

At these temperature peritectic reaction takes place in which the  -Fe is converted info austenite. 

1.   -FERRITE : It is interstitial solid solution of carbon in .  -iron. The region of   -Fe is found 

below. 9100 C. The lower portion of Fe-Fe3 C equilibrium diagram. The crystal structure of .  

 -Fe is 0.25% C at 7230 C. At this temperature eutectoid reaction takes place. Which all the 

austenite present above 7230 C is converted into pearlite {.  -Fe + cementide}. The min 



solubility of carbon in  -Fe is 0.008% C at room temperature.  -Fe is taken as pure iron as it 

contains very less amount of % carban. 

2. AUSTENITE (. )  − It is interstitial solid solution of C in .  -iron. The region of austenite 

is found between 723 0 C to 1495 0 C . The crystal structure of austenite is F.C.C. The max 

solubility of C in austenite is 2% C at 1130 0 C. Austenite containing 0.8% C undergoes eatectoid 

reaction at 723 0 C where thus austenite is transformed into  -Fe and cementide. This mixture of 

 -Fe & cementide is called as “pearlite”  

3. CEMENTIDE (Fe3 C ) :- It is interstitial compound of iron and carbon containing 6.67% C in 

iron. Cementide has highest melting point in Fe-Fe 3 C equilibrium diagram. It is hardest phase 

appears in the phase diagram. The region of cementite is found above 1130 0 C. It is hard & 

brittle, it has low tensile strength  and highest melting point in Fe-Fe3 C equilibrium diagram. It 

has hardest phase appears in phase. 

4. PEARLITE :  Pearlite is not the phase but it is mixture of two phases. It is the product of 

eutectoid reaction at 723 0 C where the austenite containing 0.8 % C decomposes into  

 -Fe &  cementide. Pearlite consist of alternate layers of  -Fe & Comentide. 

5. LEDEBURITE :- It is the mixture of two phases It consists of austenite & cementide as a 

eutectic mixture. Eulectic reaction occurs at 1130 0 C where 4.3 % C present in liquid 

phases all composes into austenite {2 % C} and cementide {6.67% C} austenite from 

ledeburite  undergoes eutectoid reaction at 723 0 C & converted into pearlite is called as 

‘transformed ledeburite’ 

 

REACTION IN Fe – Fe3 C DIGRAM : 

1. EUTECTIC REACTION :-  

Fe – Fe3 C  eq1m diagram shows. The eutectic reaction at 1130 0 C 

L                              {  + Fe 3 C } 

4.3 % C        2% C  6.67 % C 

  Ledeburite mixture    (eutectic mixture) 

Liquid               {austenite + cementite} 

 

2. EUTECTOID REACTION :  

Fe – Fe3 C eq1 m diagram shows the eutectoid reaction at 723 0 C  

                                + Fe3 C 

0.8% C        0.025% C 6 % C 

 

Austenite                   -Ferrite + Cementide 

        Eutectoid mixture  (pearlite) 

3. PERITECTIC REACTIO :  

Fe – Fe3 C eq1 m diagram shows the peritectic reaction at 1495 0 C 

L +  - Ferrite                     - (austenite ) 



0.5 % C   0.1 % C        0.18% C 

Fe – Fe3 C DIAGRAM For STEEL REGION  

Consider on alloy I contaming 0.2 % C in the region of hypo eutectoid steel. Slow cooling of 

steel for alloy I is explained at various temperature as follows. 

TEMPERATURE T 1 :- At this temperature a homogeneous mixture of carbon and iron is 

present. 

TEMPERATURE T2 : - At this temperature small nuclei  of  - Fe appears in liquid with the 

decrease in the temperature the amount of  - Fe present increases. 

TEMPERATURE T3 : At this temperature T 3, just above the peritectic temperature where  - 

Fe is rich in the mixture 

TEMPERATURE T 4 : This temperature is just below the peritectic reaction. At peritectic temp 

(1495 0 C) the result of peritectic reaction comes as new phase. It is denoted by Ac1. This is the 

lowest temperature at which F.C.C. iron can exist under eq1 m condition. 

The microstructure shown in fig. It is the micro structure of phase just below of eutectoid  temp. 

Which shows more percentage of Fe in the structure. The eutectoid reaction produces the 

mixture of Fe and cementite from austenite . As  - result it is found that thin lager of Fe are formed 

on each side of cementite plate.   

At room temp micro constituents present & amount of phase present by wt in percentage. 

CRITICAL TEMPERATURES IN Fe – Fe3 c DIAGRAM : 

 In Fe – Fe 3 C eq1 m diagram structure changes with respect to temperature from one crystal for to 

another form. Critical temp are the temp at which the phase change occurs during heating and cooling of 

an alloy. When critical lines are actually determine this found that they do not critical lines on heating are 

always higher than critical line on heating are always higher than critical line. The rate of cooling & 

heating has significance effect on the rate of cooling & heating has significance effect on the temp gap 

between these lines shower as austenite present in liquid. 

TEMPERATURE T 5 : The liquid is complety connected into austenite on slow cooling. There 

will not be any change in the microstructure until the alloy I…. crosses the point x. This is upper 

eritical temperature of alloy J. The line Ac 3 is known as upper critical temp line. The allotrophic 

changes from F.C.C. to B.C.C iron takes place at 910 0 C. 8  decreases with the increases in the 

% of carbon. 

TEMPERATURE T6 : At x1,   - Fe is begin to form at austenite grain boundaries, below this point 

the ferrite com dissolve very less amount of carbon. As the cooling progresses the amount of  - ferrite 

increases and remaining austenite becomes richer in carbon. 



TEMPERATURE T7 : Alloy line reach at point x2 which is eutectoid temp. The eutectoid temp  

line is known as lower critical temp line of hypo eutectoid steel and Aeo is the curie temp of 

cementoid  and is equal to 2010 0 C. 

CONCLUSION :  The iron – iron carbide equilibrium diagram is thoroughly studied. 

APPLICATION: This diagram is applicable in the modern steel making industries.  

 

 

FAQ’s:1)How the phase change takes place in iron iron carbide diagram. 

            2)What is ferrite,austenite,cementite,leduburite.  

             

 

 

 

 

 

 

 

 

 

 

 

 



 

 

EXPERIMENT NO.01 

AIM: To study the metallurgical microscope and preparation of mounting sample for 

metallographic examination. 

APPARATUS: Metallurgical microscope, metallographic specimen. 

DIAGRAM: 

 

 DESCRIPTION: A metallographic sample is opaque to light hence it must be illuminated by 

a reflected light.  

                     A horizontal beam of light from some light source is reflected by means of a plane 

glass reflector downward through the microscope objective into surface of specimen. Some of 

these incident light reflected from the specimen surface will be magnified in passing through the 

lower lens surface system, the objective will continue upward through the plane glass reflector 



and be magnified again by the upper lens system of the eye piece. When the particular 

combination of objective and eye piece is used at power tube length. The total magnification is 

equal to the product of magnification at the objective and the eye piece.  

                         Since, metallographic specimen are opaque to electron beam, it is necessary to 

prepare a thin replica of the surface to be studied. The specimen is polished and etched following 

normal metallurgical practice. It is then placed on plate with a small plate of suitable plastic on 

the etched surface. As the temperature rises the plastic begins to flow and pressure is applied to 

ensure intimate contact between the plastic and surface. After cooling, the replica is carefully 

peeled off. To improve contrast a thin coating of carbon or tungsten is evaporated on to the 

replica at an angle and from one side. It is then supported on a disk of very fine copper while 

mesh. The disk is then placed over the opening in the specimen holder, which is inserted in the 

column of the instrument.   

 

PHOTO FIG 1: METALLURGICAL MICROSCOPE 

 

                            

 

            

 

 

 

 

 

 

Principle: - 
A horizontal beam of light from the light source is reflected by means of a plane glass reflector 

downwards through the microscope objective on the surface of the specimen some of these 

incident light reflected from the specimen surface will be magnified and passing through the 

plane glass reflector and magnified again by upper lens system of the eye-piece.      

 

Constructional Details: - The table type microscopes are consist of 

1. Stage:- A flat movable table supporting specimen. This can be moved up or down by knobs. 

2. Tubes :- The vertically movable tube containing eyepiece, objective and plane reflector. The 

tube length varies from 160 mm to 250 mm. 



3. Rough & fine focus Adjustments - The limbs of microscope carry the coarse & fine 

adjustments to facilitate the 

4. Objective – The body tube carries revolving nose piece carrying the three objectives. This 

enables quick change of the objective which helps for a quick resolving the structure of metal, 

the magnification of lenses is enlarged on focal length of the lens used 

 

The important properties of an objective are- 

1) Magnifying Power 

2) Resolving Power. 

 

It is the property by which an objective shows distinctly represented two small adjacent bonds in 

the structure of the object. This is usually expressed as number of lines per mm that can be 

separated which depends on the numerical operator, the wavelength of the light used. Resolution 

is particularly important during the microscopy of the micro constituents of metals consisting of 

fine lamination with core resolution which appears as one uniform area, where as an objective 

with higher numerical appearance reveals deeper nature of the structure. 

 

Total magnification of microscope may be calculated as 

M= L*E/ F 

Where, 

 L- The distance from back of objective to eyepiece. 

E- Magnification of Eye piece. 

F- The focal length of objective. 

Eyepiece - It is named, as it is near to the eye. It is made up of various Powers such as _ 5, _ 10, 

_ 15 etc. 

 

List of Modern Microscopes – 

i) Watson Royal Microscope. 

ii) Van Lanes Hock Microscope. 

iii) Glass led Microscope. 

iv)Baker series Microscope. 

v) Leitr Microscope 

 

Conclusion- 

Proper selection of magnification is very much essential because – 

a. To travel inclusions in steel low magnification is used. 

b. To travel grain size, grain structure, twin boundaries etc. medium magnification is used. 

c. To travel particular e.g. coarse perlite, fine martensite, bainite, etc. high magnification is 

necessary. 

Therefore proper study of metallurgical microscope is necessary. 

 

Application: The metallurgical microscope is useful in quality control department in Industries 

to observe & study 



1) Differential phases 2) Porosity or defects. 

All these have a great effect on mechanical properties of material. 

 

 FAQ’s:  

  1) What do you understand by the metallurgical microscope? 

  2) What are the applications of metallurgical microscope? 

  3) What many types of metallurgical microscope available? 

  4) What is the type of metallurgical microscope in lab? 

 5) What are the latest metallurgical microscopes available? 

 

APPARATUS: Samples, emery paper, Belt grinding machine, Wheel Polishing machine, 

etching  reagent. 

 

DESCRIPTION: 

Metallographic or microscopy consist of microscope study of the structural characteristics of a in 

microscopic study depends largely upon the care taken in the preparation of specimen .The most 

expensive microscope will not reveal the structure of a specimen that has preparation of a 

specimen in comparatively simple &involve practice .The ultimate objective is to produce a flat 

scratch free, micro like surface. The purpose of etching is to make visible the many structure 

characteristics of the metal. The process must be clearly differentiated. This is accomplished by 

use of an appropriate reagent which subject the polished surface to chemical action. In alloys 

composed of two or more phases the components are revealed   during etching by a preferential 

attacks of one or more of these constituents by the reagent because of the different in 

composition the phase. 

The section of the appropriate etching reagent is determined by the   appropriate etching reagent 

is determined by the metal or alloy & the specific structure for viewing. 

 

Procedure of Test 

1] Sectioning / Sampling- 

The choice of sample for microscopic study may be very important. If a failure is to be 

investigated the sampling should be chosen as close as possible to the area of the failure & 

should be compared with one taken from the normal section. If the material is soft, such as non 

ferrous metals or alloy & non heat treated steels, the section is obtained by manual hack sawing 

/power saw. If the material is hard, the section may be obtained by use of an abrasive cut off 



wheels. This wheel is thin disk of suitable cutting abrasive rotating at high speed. The specimen 

should be kept cool during the cutting operation. 

 

2] Rough Grinding – 

Whenever possible the specimen should be of a size & shape that is convenient to 

handle. A soft sample may be made flat by slowly moving it up to & back across the surface of a 

flat smooth file. The soft hard may be rough ground on a belt sander with specimen kept cool by 

frequent dipping in water during the grinding operation. In all grinding & polishing operation, 

the specimen should be moved perpendicular to the existing scratches this will facilitate, 

recognition of stage when the deeper scratches are replaced by shallower one characteristic of the 

finer abrasives. The rough grinding is continued until the surface is flat & free from wire brushes 

& all scratches due to hacksaw or cutoff wheel are no longer visibl 

3] Intermediate Polishing – 

After the previous processes the specimen is polishing on a series of emery paper 

containing successively finer abrasive ( Si-C) . The first paper is usually no. 1 than 1/ 0, 2/0, 3/0, 

& finally 4/0.. The intermediate polishing operation using emery paper is usually done dry. 

However in certain case such as preparation of soft material , Silicon Carbide has greater 

removal rate & as it is resin bonded , can be used with a lubricant , which prevents overshooting 

of the sample, minimizes shearing of soft metals & also provides a rising action to flush away 

surface removal product so the paper won’t be clogged. 

 

4] Fine polishing – 

The time consumed & the success of fine polishing depends largely on the case 

that we exercised during the previous polishing processes. The final approximation to the flat , 

scratch free surface is obtained by the use of a wet rotating wheel covered with a special cloth 

that is charged by carefully sized abrasive particles. A wide range of abrasive is available for 

final polishing, while many will do a satisfying job, these appear to be presence of gamma form 

of aluminum-oxides (Al2O3), for ferrous & copper based materials & Cerium oxide for 

Aluminum, Magnesium & their alloys, other final polishing abrasives often used are diamond , 

chromium oxide & magnesium oxide etc. A choice of proper polishing cloth depends upon the 

particular material being polished & the purpose of metallographic study. Many cloths are 

available of varying lap or pile, from those 

having no pile, such as silk, to those of intermediate pile such as broad cloth, billiard cloth, 

canvas cloth & finally to a deep pile such as velvet synthetic clothes are also available for 

general purpose of which two under the trival names of gamal & micro cloth are most widely 

used. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

Photo Fig: Wheel Polishing Machine 

5] Etching – 

The purpose of etching is to make the many structural characteristics of the metal or alloy 

visible. The process should be such that the various parts of the microstructure may be clearly 

differentiated. This is to subject the polished surface to chemical action. In the alloys composed 

of two or more shapes. The competent are revealed during etching by a preferential attack of one 

or more of the constituents by the reagent because of difference in chemical composition of the 

phases. In uniform single phase alloy contact is obtained and the grain boundaries are made 

visible because of difference in the rate at which various grains are attacked by the reagent This 

difference in the rate of attack by reagent which is mainly associated with angle of the different 

grain structure section to the plane Of the polished surface. Because of chemical attack of the 

chemical reagent the grain boundary appears as valleys in the polished surface light from the 

microscope hitting the side of these valleys will be reflected but of the microscope making the 

grain boundaries appears dark lines. The section of the appropriate etching reagent is determined 

by metal or alloys & the specific structure desired for viewing. 

 

Conclusion:- 

Correct sample techniques if followed properly, will only reveal the microstructure of a metallic 

specimen. Otherwise it will be most difficult to distinguish between different phase in the 

microstructure, the fine scratches on meta surface and grain boundaries etc. 

 

RESULT:- The sample is prepared for different phases to be seen under microscope which were 

seen as particles of dark α-ferrite as first. 

 

 APPLICATION: This experiment gives the information about how the   standard specimens for 

observing the microstructure are made. 

 



 FAQ’s:  

  1) What things are required to make the metallurgical specimens? 

  2) What operations are done in sequence to make the specimens? 

  3) How the standard specimens are made? 
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