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Welcome back. In the last class, we have looked at the different types of binary phase alloys 

that we will be discussing in this course. We have classified them as 7 different types. In this 

class, we will discuss the types of binary phase alloys, followed by solid-state phase 

transformation. We will finally spend some time understanding an important phase diagram, 

called as the iron-iron carbide equilibrium diagram. 
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Before we actually start looking at phase diagrams, we need to see how these phase diagrams 

are drawn. Here, we have two variables, temperature and composition. Temperature and alloy 

composition are plotted on the 𝑦 and 𝑥 axes, respectively. The alloy composition can be written 

either in weight percentage or atom percentage. We already know how to convert from weight 

percentage to atom percentage, and vice-versa. 

A typical phase diagrams looks something like this. On the 𝑦-axis, you have temperature and 

on the 𝑥-axis, you have weight percentage. How is it drawn?  

Suppose if you have weight percentage of say element B -- so that means, here element B is 

0% i.e., element A is 100% and here element B is 100% i.e., element A is 0%. Usually only 

one variable is shown, element B or element A, and then we are going from 0 − 100 weight 

percent.  

Many times, on the same phase diagram, you will use the top 𝑥-axis for atom percent. So, the 

same phase diagram can be read both in weight percentage as well as atom percentage. 
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Now, we will look at Type I or isomorphous alloys. Isomorphous alloys are the ones which 

have complete solubility in solid state as well as liquid state. As we have looked at the Hume 

Rothery's rules, 100% solubility is possible only when the atoms are of similar sizes.  

When the atoms are of similar sizes, it is more probable to form a substitutional solid solution. 

Forming an interstitial solid solution is very difficult because we need to create lot of distortion 

amongst the interstitial location, owing to the larger size of the atom. 

Hence, usually, all isomorphous systems are substitutional solid solutions. Because it has 

100% solubility, according to Hume Rothery’s principles, you should have both the metals 

with the same crystal structure and atomic radii difference should be less than 8%.  

With all these characteristics, a very good example of an isomorphous system is copper-nickel 

system. Why do copper and nickel form an isomorphous alloy system? Both have an FCC 

crystal structure, their atomic radii are very close - 0.1246 and 0.1278, i.e., less than 

8% difference, and their electronegativity values are also very close; that is also another 

requirement for having 100% solubility. Hence, copper-nickel system is a very good example 

or model system for understanding isomorphous alloys. 
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In this course, we will start trying to understand phase diagrams from cooling curves right 

away. On the left-hand side in this graph, you have temperature as a function of time. Here, the 

top line represents weight fraction of A, and bottom line represents weight fraction of B. When 

the pure metal A, i.e., 100% A is cooled from a very high temperature which is in liquid state, 

it reaches its solidification temperature 𝑇𝐴. Let us say metal A has higher melting point than 

metal B.  

As soon as it reaches its solidification temperature, it solidifies at a constant temperature, 

releasing latent heat of solidification. From here to here, it takes this much time for 

solidification and then after complete solidification occurs, further cooling down takes place in 

the solid state. So, here you have liquid and here liquid to solid and here you have solid.  

Similarly, the same thing happens for pure metal B. The pure metal B when it reaches its 

solidification temperature 𝑇𝐵, solidifies at constant temperature and then, further cooling down 

happens in the solid state.  

Solidification occurs at a constant temperature only for pure metals. If you take any alloy in 

between, for example combinations such as 80-20, 60-40, 40-60, 20-80 etc., because it is not a 

pure material, the solidification starts at a temperature -- because here the solvent is A, and 

hence the solidification starts at a temperature just below 𝑇𝐴, but close to 𝑇𝐴, say 𝑇1 and then 

ends at a temperature 𝑇2.  



For alloys which are not pure, solidification happens over a range of temperature, rather than 

happening at constant temperature. For different alloys, the solidification starts at a different 

temperature and ends at a different temperature and so on. As you move from left to right, the 

solidification temperature will be going closer to the solidification temperature of B.  

Please note that although here we are showing time, each of this cooling curves is an 

independent experiment and the time for each of them is 0 here. Just to show it on the same 

graph, we have shown it this way. The red dashed line represents the solidification starting and 

the blue one represents the solidification ending. We know that for a pure material, 

solidification starts and ends at same temperature; but for any alloy in between A and B, you 

will have a solidification happening over a range of temperatures. 

Now if you would plot the same thing on temperature-composition diagram -- here we are 

showing -- because it is time, it is slanted, but let us now assume that there is sufficiently long 

time that is given for this solidification to happen, so that the solidification is happening such 

that at each and every instance, equilibrium is maintained.  

Let us now remove time from the picture and draw temperature versus composition. At a given 

composition for 80-20, the solidifications happen over a range of temperature; the composition 

remains the same - that is why this is a vertical line. This vertical line basically represents this 

process. Why is it vertical here? Because the composition is fixed. Similarly, if you draw for 

different ones, then you see that red curve is representing the boundary between liquid state to 

solid state.  

Because above this, it is liquid, below this is solid, right? So, this is the solidification start 

temperature and solidification end temperature position. This red line is called liquidus; this is 

the boundary between liquid state and solid state. Above this, everything is a liquid solution, 

represented as L -- and below this blue line, everything is solid, because the solidification is 

completed -- and below this everything is solid solution. In phase diagram terminology, all the 

solid solutions are represented by Greek letters - 𝛼, 𝛽, 𝛾. Whenever you see a Greek letter on a 

phase diagram, then it must be a solid solution.  

This line red line is called liquidus line, this blue line is called solidus line. Liquidus line is the 

line above which everything will be in liquid state. Solidus line is the boundary below which 

all the phases will be in solid state. Here, you have a liquid solution which is completely 



soluble; that means, A and B are completely soluble in each other; so, this is a single-phase 

region. 

Here you have a single solid solution phase -- please note that this is single phase region, but 

it may have two components. Here also, it is single phase 𝛼-phase; that means, a homogenous 

phase with two components. So, the solid solution is of A and B.  

This region here is a two-phase region because there are liquid and solid solutions. 
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So, here I am summarizing -- the region below the solidus line is called solid phase, the region 

above the liquidus line is called liquid phase, and the region between these two lines is a two-

phase region, a mixture of liquid solution and a solid solution alpha. 

Suppose if you are looking at this particular alloy composition, we know that liquid solution 

has a composition let us say 20% B and 80 A -- here the composition is known because it is a 

single liquid solution. 

Here also it is a single-phase solid solution 𝛼, which has a composition of 20% B – 80% A. 

But now here, it is a two-phase region; there are several things that we do not know. What is it 

that we do not know? You have a liquid solution and you have a solid solution. The composition 

of the liquid solution and the composition of the solid solution are not known. Will they be 

same or will they be different? 



The second thing is the weight fraction of liquid and solid phases, i.e., their relative weight 

fractions or relative amounts are not known. The region between these two lines is a mixture 

of solid and liquid phase, but the chemical composition and relative amounts of each phase of 

the mixture is not known directly – we need to find out. 
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Here, we are showing the phase diagram of copper-nickel system. Copper is a low melting 

alloy and nickel is a high melting alloy. Previously we have seen the phase diagram this way; 

instead of plotting the low melting point alloy on the right-hand side, if you plot it on left-hand 

side, this is how it looks like. 

This is copper-nickel alloy system and in this, the liquid L region is a homogenous liquid 

solution composed of both copper and nickel. 𝛼-phase is a substitutional solid solution of 

copper and nickel atoms and it also has FCC structure. Below 1085° C, both copper and nickel 

are mutually soluble in solid state for all compositions. 

If we take heat pure copper, melting happens at constant temperature. Same applies for pure 

nickel. However, for any alloy, melting happens over a range of temperatures. For instance, 

this particular alloy which is 20% nickel, melting occurs approximately over the range of 

temperatures 1150° − 1190° C. 

This is the liquidus and this is the solidus line; they intersect at extremes which are the melting 

points of the components/pure substances. 
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How do we go about the interpreting the phase diagrams? For a binary system of known 

composition and temperature at equilibrium, we have the following information. What is the 

information that we have? For a given composition and a temperature, we know what are the 

phases present - whether it is a single phases region - if it is a single phases region, whether it 

is liquid phase or solid phase or is it a two-phase region. 

If it is single phase region, the composition of the phases is known; but if it is a two-phase 

region, of course we need to find out what are the compositions of these individual phases and 

what are the percentage or fractions or amounts of the individual phases. 
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For instance, in this phase diagram, you see the point A which corresponds to 60% nickel, 

40% copper at 1100° C, and is in 𝛼-phase -- it is a single-phase region. However, point B here, 

corresponds to about 35% nickel, 65% copper at 1250° C, but having two phases - alpha and 

liquid solution.  

Again, liquid refers to the liquid solution -- it is not pure copper or pure nickel -- it is the 

solution of copper and nickel. So, you have 𝛼-phase and liquid phase. There are two phases 

that are present at B. 
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And now, what are the compositions of these phases? So, in the two-phase region at B you 

have alpha and liquid - what is the composition? The way that one needs to find the composition 

is, at 1250° C, you draw a horizontal line that represents the constant temperature line, called 

as the tie line - the horizontal line that is drawn in the two-phase region is the tie line and 

wherever this tie line hits the liquidus, you drop a vertical and that represents composition of 

the liquid phase that is present.  

Wherever this tie line hits the solidus, drop a vertical - that represents the solid phase -- 

composition of the alpha phase present. That is how we can find out the compositions of the 

phases; that is what we have clearly written here. So, you can go through the text later.  
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We know the compositions, but how do we find out the fraction of liquid that is present, what 

is the fraction of the solid that is present? For that, we use something called lever rule. So, what 

is that lever rule? 

For the two phases present - the liquid and alpha, sum of their mass fraction or weight fractions 

should be equal to 1. The weight fraction of liquid plus weight fraction of alpha solid solution 

must be equal to 1. In both phases you have both the components; the components are copper 

and nickel. This copper and nickel are present in both liquid and alpha phase.  

WL + Wα = 1 



Now, we are saying that the mass fraction or the mass of the component B or component A for 

instance in this case nickel present in both the phases must be equal to the mass of that 

component in the alloy, isn't it? In this alloy 𝐶0 is the weight fraction of alloy. Then this is 

amount of nickel that is present in this alloy and that should have been distributed into alpha 

and liquid. 

Then, the composition of nickel in liquid phase times weight fraction of liquid plus composition 

of nickel in solid phase times weight fraction of solid should be equal to the weight fraction of 

the nickel alloy; that is the total weight fraction of the nickel in that alloy, now that is distributed 

into liquid phase and solid phase.  

CLWL + CαWα = 1 

Using these two equations, we can find out the weight fractions of liquid and solid. 

WL =  (Cα − C0)/(Cα − C0) 

Wα =  (C0 − CL)/(Cα − CL) 

Note that (Cα − CL) is the length of the tie line. Weight fraction of the solid will be the length 

of the tie line from the point where we are looking at the composition to the liquidus line. So, 

that is this length divided by the total length; that will give us weight fraction of the solid.  

This is the methodology that one needs to adopt in the two-phase region, because there are two 

phases present and hence, we need to know what is the weight fraction of solid and what is the 

weight fraction of liquid whereas, in the single-phase region 100% will be that particular phase.  

There is no reason for us to use the tie line or lever rule because there is only one phase that is 

present and hence all the weight fraction will be of that one and the alloy composition will be 

the composition of the single-phase region. 

The reason why we need to do that in a two-phase region is because there are two different 

phases and each phase how much weight fraction is present and each phase what is the 

composition is something that one needs to find out. 
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For example, if we are looking at 65% B situation, let us say you are interested in this point; 

all that you need is draw a horizontal line mo -- this is our liquidus line, this is our solidus line. 

So, the composition of liquid will be 20% B, composition of solid will be 80% B. Let us say 

this point is 𝑛. This is liquidus line and hence we need to take the other point. This is lever 

because it is like fulcrum about which it is oscillating.  

𝑊𝐿 = (𝑛𝑜/𝑚𝑜) ∗ 100 = (Co − Cn)/(Co − Cm) 

𝑊𝛼 = (𝑚𝑛/𝑚𝑜) ∗ 100 = (Cn − Cm)/(Co − Cm) 
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So, let us review once again. You have a copper-nickel alloy of composition 70 weight percent 

nickel and 30 weight percent copper. Where is 70 weight percent nickel - that is this point. It 

is slowly heated from a temperature of 1300° C. Initially it is at this temperature. From that 

temperature, it is slowly heated. 

The question is at what temperature does the first liquid phase form? Here, it is a solid state 

and when you are entering here, at this temperature the first liquid phase starts forming, right? 

So, that is about so 1330° C approximately; that is the temperature at which the liquid phase 

starts forming. 

What is the composition of liquid phase? If you are in this region, if you draw a small tie line 

there, that will be the composition of the small liquid phase that is forming initially. So, that 

will be about 58% nickel. At what temperature does complete melting of alloy occur? If you 

continue to heat it up at 1380° C, the complete melting of alloy occurs and then it will be in 

complete liquid state. What is the composition of the last solid remaining? Just below this line 

will be the last solid remaining. In the two-phase region, you have to draw a tie line. So, that 

will be the composition of the last solid remaining which is 80% nickel. 
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With that you can find out all the weight fractions and then compositions of an alloy.  


