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7.Phase Diagram 

The understanding of phase diagrams for alloy systems is extremely 
important because there is a strong correlation between microstructure 
and mechanical properties, and the development of microstructure of an 
alloy is related to the characteristics of its phase diagram. In addition, 
phase diagrams provide valuable information about melting, casting, 
crystallization, and other phenomena. 
 
 
7.1. Definition and basic concept single and multiphase solids 
It is necessary to establish a foundation of definitions and basic concepts 
relating to alloys, phases, and equilibrium before delving into the 
interpretation and utilization of phase diagrams. The term component is 
frequently used in this discussion;  components are pure metals and/or 
compounds of which an alloy is composed. 
For example, in a copper–zinc brass, the components are Cu and Zn. 
Solute and solvent, which are also common terms. Another term used in 
this context is system, which has two meanings. First, “system” may refer 
to a specific body of material under consideration (e.g., a ladle of molten 
steel). Or it may relate to the series of possible alloys consisting of the 
same components, but without regard to alloy composition (e.g., the iron–
carbon system). 
Solid solution consists of atoms of at least two different types; the solute 
atoms occupy either substitutional or interstitial positions in the solvent 
lattice, and the crystal structure of the solvent is maintained. 
 
 
7.2. Solid Solution  
A solid solution forms when, as the solute atoms are added to the host 
material, the crystal structure is maintained, and no new structures are 
formed. Perhaps it is 
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useful to draw an analogy with a liquid solution. If two liquids, soluble in 
each other  (such as water and alcohol) are combined, a liquid solution is 
produced as the molecules intermix, and its composition is homogeneous 
throughout. A solid solution is also compositionally homogeneous; the 
impurity atoms are randomly and uniformly dispersed within the solid. 
Impurity point defects are found in solid solutions, of which there are two 
types: substitutional and interstitial. For the substitutional type, solute or 
impurity atoms replace or substitute for the host atoms (Figure 7.1). 
There are several features of the solute and solvent atoms that determine 
the degree to which the former dissolves in the latter, as follows: 
 

1. Atomic size factor. Appreciable quantities of a solute may be 
accommodated in this type of solid solution only when the difference in 
atomic radii between the two atom types is less than about±15% . 
Otherwise the solute atoms will create substantial lattice distortions and a 
new phase will form. 
2. Crystal structure. For appreciable solid solubility the crystal structures 
for metals of both atom types must be the same. 
3. Electronegativity. The more electropositive one element and the more 
electronegative the other, the greater is the likelihood that they will form 
an intermetallic compound instead of a substitutional solid solution. 
4. Valences. Other factors being equal, a metal will have more of a 
tendency to dissolve another metal of higher valency than one of a lower 
valency. 
 
 

Figure 7.1 Two-dimensional 
schematic representations of 
substitutional and interstitial 
impurity atoms. 
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An example of a substitutional solid solution is found for copper and 
nickel.  These two elements are completely soluble in one another at all 
proportions. With regard to the aforementioned rules that govern degree 
of solubility, the atomic radii for copper and nickel are 0.128 and 0.125 
nm, respectively, both have the FCC crystal structure, and their 
electronegativities are 1.9 and 1.8 (Figure 7.2); finally, the most common 
valences are +1 for copper (although it sometimes can be +2 ) and +2 for 
nickel. 
 

 
 
 
 
Figure 7.2 The electronegativity values for the elements. 
 
 
For interstitial solid solutions, impurity atoms fill the voids or interstices 
among the host atoms (see Figure 7.1). For metallic materials that have 
relatively high atomic packing factors, these interstitial positions are 
relatively small. Consequently, the atomic diameter of an interstitial 
impurity must be substantially smaller than that of the host atoms. 
Normally, the maximum allowable concentration of interstitial impurity 
atoms is low (less than 10%). Even very small impurity atoms are 
ordinarily larger than the interstitial sites, and as a consequence they 
introduce some lattice strains on the adjacent host atoms.  
Carbon forms an interstitial solid solution when added to iron; the 
maximum concentration of carbon is about 2%.The atomic radius of the 
carbon atom is much less than that for iron: 0.071 nm versus 0.124 nm. 
Solid solutions are also possible for ceramic materials, as discussed in 
other Section.  
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7.3. Phase rule binary phase diagram 
7.3.1 Phase Diagram 
Much of the information about the control of the phase structure of a 
particular system is conveniently and concisely displayed in what is 
called a phase diagram, also often termed an equilibrium diagram. Now, 
there are three externally controllable parameters that will affect phase 
structure—viz. temperature, pressure, and composition— and phase 
diagrams are constructed when various combinations of these parameters 
are plotted against one another.  Perhaps the simplest and easiest type of 
phase diagram to understand is that for a one-component system, in 
which composition is held constant (i.e., the phase diagram is for a pure 
substance); this means that pressure and temperature are the variables. 
This one-component phase diagram (or unary phase diagram)  
[sometimes also called a pressure–temperature (or P–T) diagram] is 
represented as a two-dimensional plot of pressure (ordinate, or vertical 
axis) versus temperature (abscissa, or horizontal axis). Most often, the 
pressure axis is scaled logarithmically. 
We illustrate this type of phase diagram and demonstrate its interpretation 
using as an example the one for H2O , which is shown in Figure 7.3. Here 
it may be noted that regions for three different phases—solid, liquid, and 
vapor—are delineated on the plot. Each of the phases will exist under 
equilibrium conditions over the temperature–pressure ranges of its 
corresponding area. Furthermore, the three curves shown on the plot 
(labeled aO, bO, and cO) are phase boundaries; at any point on one of 
these curves, the two phases on either side of the curve are in equilibrium 
(or coexist) with one another. That is, equilibrium between solid and 
vapor phases is along curve aO—likewise for the solid-liquid, curve bO, 
and the liquid vapor,  curve cO. Also, upon crossing a boundary (as 
temperature and/or pressure is altered), one phase transforms to another. 
For example, at one atmosphere pressure,  during heating the solid phase 
transforms to the liquid phase (i.e., melting occurs) at the point labeled 2 
on Figure 7.3 (i.e., the intersection of the dashed horizontal line with the 
solid-liquid phase boundary); this point corresponds to a temperature of 
0ºC .Of course, the reverse transformation (liquid-to-solid, or 
solidification)  takes place at the same point upon cooling. Similarly, at 
the intersection of the dashed line with the liquid-vapor phase boundary 
[point 3 (Figure 7.3), at 100ºC] the liquid transforms to the vapor phase 
(or vaporizes) upon heating; 
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Figure 7.3 Pressure–temperature phase diagram for H2OIntersection of 
the dashed horizontal line at 1 atm pressure with the solid-liquid phase 
boundary (point 2) corresponds to the melting point at this 
pressure(T=0ºC). Similarly, point 3, the intersection with the liquid-vapor 
boundary, represents the boiling point (T=100ºC). 
 
 
 condensation occurs for cooling. And, finally, solid ice sublimes or 
vaporizes upon crossing the curve labeled aO. As may also be noted from 
Figure 7.3, all three of the phase boundary curves intersect at a common 
point, which is labeled O (and for this H2O system, at a temperature of 
273.16 K and a pressure of  6.04*10-3  atm) . 
This means that at this point only, all of the solid, liquid, and vapor 
phases are simultaneously in equilibrium with one another. 
Appropriately, this, and any other point on a P–T phase diagram 
where three phases are in equilibrium, is called a triple point; sometimes 
it is also termed an invariant point inasmuch as its position is distinct, or 
fixed by definite values of pressure and temperature. Any deviation from 
this point by a change of temperature and/or pressure will cause at least 
one of the phases to disappear. 
Pressure-temperature phase diagrams for a number of substances have 
been determined experimentally, which also have solid, liquid, and vapor 
phase regions.  In those instances when multiple solid phases,  there will 
appear a region on the diagram for each solid phase, and also other triple 
points.  
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7.3.2. binary phase diagram 
Another type of extremely common phase diagram is one in which 
temperature and composition are variable parameters, and pressure is held 
constant—normally 1 atm. There are several different varieties; in the 
present discussion, we will concern ourselves with binary alloys—those 
that contain two components. If more than two components are present, 
phase diagrams become extremely complicated and difficult to represent. 
An explanation of the principles governing and the interpretation of phase 
diagrams can be demonstrated using binary alloys even though most 
alloys contain more than two components. 
Binary phase diagrams are maps that represent the relationships between 
temperature and the compositions and quantities of phases at equilibrium, 
which influence the microstructure of an alloy. Many microstructures 
develop from phase transformations, the changes that occur when the 
temperature is altered (ordinarily upon cooling).This may involve the 
transition from one phase to another, or the appearance or disappearance 
of a phase. Binary phase diagrams are helpful in predicting phase 
transformations and the resulting microstructures, which may have 
equilibrium or nonequilibrium character. 
 
7.3.2.1 Binary phase diagram 
Possibly the easiest type of binary phase diagram to understand and 
interpret is the type that is characterized by the copper–nickel system 
(Figure 9.3a). Temperature is plotted along the ordinate, and the abscissa 
represents the composition of the alloy, in weight percent (bottom) and 
atom percent (top) of nickel. The composition ranges from 0 wt% Ni (100 
wt% Cu) on the left horizontal extremity to 100 wt% Ni (0 wt% Cu) on 
the right. Three different phase regions, or fields, appear on the diagram, 
an alpha (α) field, a liquid (L) field, and a two-phase  α+L field. Each 
region is defined by the phase or phases that exist over the range of 
temperatures and compositions delimited by the phase boundary lines. 
The liquid L is a homogeneous liquid solution composed of both copper 
and nickel.  The a phase is a substitutional solid solution consisting of 
both Cu and Ni atoms, and 
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Figure 7.4 (a) The copper–nickel phase diagram. (b) A portion of the 
copper–nickel phase diagram for which compositions and phase amounts 
are determined at point B. 
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having an FCC crystal structure. At temperatures below about 1080ºC 
copper and nickel are mutually soluble in each other in the solid state for 
all compositions. This complete solubility is explained by the fact that 
both Cu and Ni have the same crystal structure (FCC), nearly identical 
atomic radii and electronegativities, and similar valences, as discussed in 
other Section. The copper–nickel system is termed isomorphous because 
of this complete liquid and solid solubility of the two components A 
couple of comments are in order regarding nomenclature. First, for 
metallic alloys, solid solutions are commonly designated by lowercase 
Greek letters (α,β,γ,etc.) .Furthermore, with regard to phase boundaries, 
the line separating the L and α+L phase fields is termed the liquidus line, 
as indicated in Figure 7.4a; the liquid phase is present at all temperatures 
and compositions above this line. The solidus line is located between the 
and  α+L regions, below which only the solid phase exists. 
For Figure 7.4a, the solidus and liquidus lines intersect at the two 
composition extremities; these correspond to the melting temperatures of 
the pure components.  For example, the melting temperatures of pure 
copper and nickel are 1085ºC and 1453 ºC,respectively. Heating pure 
copper corresponds to moving vertically up the left-hand temperature 
axis. Copper remains solid until its melting temperature is reached. The 
solid-to-liquid transformation takes place at the melting temperature, 
and no further heating is possible until this transformation has been 
completed. 
For any composition other than pure components, this melting 
phenomenon will occur over the range of temperatures between the 
solidus and liquidus lines; both solid α and liquid phases will be in 
equilibrium within this temperature range. For example, upon heating an 
alloy of composition 50 wt% Ni–50 wt% Cu (Figure 7.4a), melting 
begins at approximately 1280 ºC (2340 ºF) the amount of liquid phase 
continuously increases with temperature until about 1320 ºC (2410 ºF) , 
at which the alloy is completely liquid. 
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7.4. Construction of phase diagram 
The first step in the determination of phase compositions (in terms of the 
concentrations of the components) is to locate the temperature–
composition point on the phase diagram. Different methods are used for 
single- and two-phase regions. If only one phase is present, the procedure 
is trivial: the composition of this phase is simply the same as the overall 
composition of the alloy. For example, consider the 60 wt% Ni–40 wt% 
Cu alloy at 1100ºC (point A, Figure 7.4a). At this composition and 
temperature, only the phase is present, having a composition of 60 wt% 
Ni–40 wt% Cu. 
For an alloy having composition and temperature located in a two-phase 
region,  the situation is more complicated. In all two-phase regions (and 
in two-phase regions only), one may imagine a series of horizontal lines, 
one at every temperature;  each of these is known as a tie line, or 
sometimes as an isotherm. These tie lines extend across the two-phase 
region and terminate at the phase boundary lines on either side. To 
compute the equilibrium concentrations of the two phases, the following 
procedure is used: 
1. A tie line is constructed across the two-phase region at the temperature 
of the alloy. 
2. The intersections of the tie line and the phase boundaries on either side 
are noted. 
3. Perpendiculars are dropped from these intersections to the horizontal 
composition axis, from which the composition of each of the respective 
phases is read. 
For example, consider again the 35 wt% Ni–65 wt% Cu alloy at 1250 ºC 
located at point B in Figure 7.4b and lying within the   α+L  region. Thus, 
the problem is to determine the composition (in wt% Ni and Cu) for both 
the and liquid phases. The tie line has been constructed across the  α+L 
phase region, as shown in Figure 7.4b.  The perpendicular from the 
intersection of the tie line with the liquidus boundary meets the 
composition axis at 31.5 wt% Ni–68.5 wt% Cu, which is the composition 
of the liquid phase,CL  Likewise, for the solidus–tie line intersection, we 
find a composition for the α solid-solution phase,C∞ , of 42.5 wt% Ni–
57.5 wt% Cu. 
 
 
   
 
 

 
 
 



10                                                                        phase diagramChapter  7:   
          

 
 
 

7.5. Lever rule 
The relative amounts (as fraction or as percentage) of the phases present 
at equilibrium may also be computed with the aid of phase diagrams. 
Again, the single- and two-phase situations must be treated separately. 
The solution is obvious in the single phase region: Since only one phase 
is present, the alloy is composed entirely of that phase; that is, the phase 
fraction is 1.0 or, alternatively, the percentage is 100%. From the 
previous example for the 60 wt% Ni–40 wt% Cu alloy at 1100ºC (point A 
in Figure 7.4a), only the α phase is present; hence, the alloy is completely 
or 100% α If the composition and temperature position is located within a 
two-phase region,  things are more complex. The tie line must be utilized 
in conjunction with a procedure that is often called the lever rule (or the 
inverse lever rule), which is applied as follows: 
1. The tie line is constructed across the two-phase region at the 
temperature of the alloy. 
2. The overall alloy composition is located on the tie line. 
3. The fraction of one phase is computed by taking the length of tie line 
from the overall alloy composition to the phase boundary for the other 
phase, and dividing by the total tie line length. 
4. The fraction of the other phase is determined in the same manner. 
5. If phase percentages are desired, each phase fraction is multiplied by 
100. 
When the composition axis is scaled in weight percent, the phase 
fractions computed using the lever rule are mass fractions—the mass (or 
weight) of a specific phase divided by the total alloy mass (or weight). 
The mass of each phase is computed from the product of each phase 
fraction and the total alloy mass. 
In the employment of the lever rule, tie line segment lengths may be 
determined either by direct measurement from the phase diagram using a 
linear scale, preferably graduated in millimeters, or by subtracting 
compositions as taken from the composition axis. 
Consider again the example shown in Figure 7.4b, in which at 1250ºC 
both α and liquid phases are present for a 35 wt% Ni–65 wt% Cu alloy. 
The problem is to compute the fraction of each of the α and liquid phases. 
The tie line has been constructed that was used for the determination of α 

and L phase compositions. Let the overall alloy composition be located 
along the tie line and denoted as C0 and mass fractions be represented by 
WL and Wα  for the respective phases. From the lever rule  WL , may be 
computed according to 
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or, by subtracting compositions, 

 
 

 
 

Composition need be specified in terms of only one of the constituents for 
a binary alloy; for the computation above, weight percent nickel will be 
used (i.e.,C0=35 wt% Ni , Cα =42.5% wt% Ni , CL =31.5 wt% Ni ),and  
 

 

 
 

Similarly, for the α phase,  

 
 

 
 
 

 
 

Of course, identical answers are obtained if compositions are expressed in 
weight percent copper instead of nickel.  Thus, the lever rule may be 
employed to determine the relative amounts or fractions of phases in any 
two-phase region for a binary alloy if the temperature and composition 
are known and if equilibrium has been established. Its derivation is 
presented as an example problem.  It is easy to confuse the foregoing 
procedures for the determination of phase compositions and fractional 
phase amounts; thus, a brief summary is warranted. Compositions 
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of phases are expressed in terms of weight percents of the components 
(e.g.,  wt% Cu, wt% Ni). For any alloy consisting of a single phase, the 
composition of that phase is the same as the total alloy composition. If 
two phases are present, the tie line must be employed, the extremities of 
which determine the compositions of the respective phases. With regard 
to fractional phase amounts (e.g., mass fraction of the α or liquid phase), 
when a single phase exists, the alloy is completely that phase. For a two-
phase alloy, on the other hand, the lever rule is utilized, in which a ratio 
of tie line segment lengths is taken. 
For multiphase alloys, it is often more convenient to specify relative 
phase amount in terms of volume fraction rather than mass fraction. 
Phase volume fractions are preferred because they (rather than mass 
fractions) may be determined from examination of the microstructure; 
furthermore, the properties of a multiphase alloy may be estimated on the 
basis of volume fractions. 
For an alloy consisting of α and β phases, the volume fraction of the α 
phase, Vα ,is define as  
 

 
 
where  υα and υβ denote the volumes of the respective phases in the alloy. 
Of course, an analogous expression exists for Vβ and, for an alloy 
consisting of just two phases it is the case that υα+ Vb =1. 
 
On occasion conversion from mass fraction to volume fraction (or vice 
versa)  is desired. Equations that facilitate these conversions are as 
follows: 

 
 
 

 
 

(7.3) 
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In these expressions, and are the densities of the respective phases; these 
may be determined approximately using Equations 7.6a and 7.6b . 
When the densities of the phases in a two-phase alloy differ significantly, 
there will be quite a disparity between mass and volume fractions; 
conversely, if the phase densities are the same, mass and volume fractions 
are identical. 
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7.6. Eutectic system 
Another type of common and relatively simple phase diagram found for 
binary alloys  is shown in Figure 7.5 for the copper–silver system; this is 
known as a binary eutectic phase diagram. A number of features of this 
phase diagram are important and worth noting. First, three single-phase 
regions are found on the diagram  α  and  β and liquid. The α phase is a 
solid solution rich in copper; it has silver as the solute component and an 
FCC crystal structure. The phase solid solution also has an FCC structure, 
but copper is the solute. Pure copper and pure silver are also considered 
to be α and β phases, respectively.  Thus, the solubility in each of these 
solid phases is limited, in that at any temperature below line BEG only a 
limited concentration of silver will dissolve in copper (for the α phase), 
and similarly for copper in silver (for the  β  phase). The solubility limit 
for the α  phase corresponds to the boundary line, labeled CBA, between 
The  α/(α+β) and  α/(α+L)  phase regions; it increases with temperature to 
 
 

 
 

 
 

Figure 7.5 The copper–silver phase diagram. 
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a maximum [8.0 wt% Ag at 779ºC ( 1434ºF)] at point B, and decreases 
back to zero at the melting temperature of pure copper, point A [1085ºC 
 ( 1985ºF)]. At temperatures below779ºC ( 1434ºF), the solid solubility 
limit line separating the α and α+β phase regions is termed a solvus line; 
the boundary AB between the α and α+L fields is the solidus line, as 
indicated in Figure 7.5. For the β phase, both solvus and solidus lines also 
exist, HG and GF, respectively, as shown. The maximum solubility of 
copper in the phase, point G (8.8 wt% Cu), also occurs at  779ºC 
(1434ºF ). This horizontal line BEG, which is parallel to the composition 
axis and extends between these maximum solubility positions, may also 
be considered a solidus line; it represents the lowest temperature at which 
a liquid phase may exist for any copper–silver alloy that is at equilibrium. 
There are also three two-phase regions found for the copper–silver system 
(Figure 7.5): α+L , β+L  and  α+β.The  α- and  β- phase solid solutions 
coexist for all compositions and temperatures within the α+β phase field; 
the  α+ liquid and β+ liquid phases also coexist in their respective phase 
regions. Furthermore, compositions and relative amounts for the phases 
may be determined using tie lines and the lever rule as outlined 
previously. 
As silver is added to copper, the temperature at which the alloys become 
totally liquid decreases along the liquidus line, line AE; thus, the melting 
temperature of copper is lowered by silver additions. The same may be 
said for silver: the introduction of copper reduces the temperature of 
complete melting along the other liquidus line, FE. These liquidus lines 
meet at the point E on the phase diagram,  through which also passes the 
horizontal isotherm line BEG. Point E is called an invariant point, which 
is designated by the composition CE  and temperature TE ; for the copper–
silver system, the values of  CE  and  TE  are  71.9 wt% Ag  and 779ºC 
(1434ºF)  respectively. An important reaction occurs for an alloy of 
composition  CE  as it changes temperature in passing through TE ; this 
reaction may be written as follows: 
  
 

 
 
 
Or, upon cooling, a liquid phase is transformed into the two solid α and β 

phases at the temperature TE the opposite reaction occurs upon heating. 
This is called a eutectic reaction (eutectic means easily melted), and CE 

)7.7( 
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and TE represent the eutectic composition and temperature, 
respectively;CαE    and  CβE are the respective compositions of the α and β 
phases at  TE .Thus, for the copper–silver system, the eutectic reaction, 
Equation 7.7, may be written as follows: 

 
 
 
Often, the horizontal solidus line at TE  is called the eutectic isotherm. 
The eutectic reaction, upon cooling, is similar to solidification for pure 
components in that the reaction proceeds to completion at a constant 
temperature, or isothermally, at TE. However, the solid product of eutectic 
solidification is always two solid phases, whereas for a pure component 
only a single phase forms. Because of this eutectic reaction, phase 
diagrams similar to that in Figure 7.5 are termed eutectic phase diagrams; 
components exhibiting this behavior comprise a eutectic system. 
In the construction of binary phase diagrams, it is important to understand 
that one or at most two phases may be in equilibrium within a phase field. 
This holds true for the phase diagrams in Figures 7.4a and 7.5. For a 
eutectic system, three phases (α,β and L) may be in equilibrium, but only 
at points along the eutectic isotherm. Another general rule is that single-
phase regions are always separated from each other by a two-phase 
region that consists of the two single phases that it separates. For 
example, the  α+β  field is situated between the α and β single phase 
regions in Figure 7.5. 
 
Another common eutectic system is that for lead and tin; the phase 
diagram  (Figure 7.6) has a general shape similar to that for copper–
silver. For the lead–tin system the solid solution phases are also 
designated by α and β ; in this case, represents a solid solution of tin in 
lead and, for β tin is the solvent and lead is the solute.The eutectic 
invariant point is located at 61.9 wt% Sn and 183ºC( 361ºF). Of course, 
maximum solid solubility compositions as well as component melting 
temperatures will be different for the copper–silver and lead–tin systems, 
as may be observed by comparing their phase diagrams.  On occasion, 
low-melting-temperature alloys are prepared having near-eutectic 
compositions. A familiar example is the 60–40 solder, containing 60 wt% 
Sn and 40 wt% Pb. Figure 7.6 indicates that an alloy of this composition 
is completely molten at about 185ºC( 365ºF), which makes this material 
especially attractive as a low-temperature solder, since it is easily melted. 
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Figure 7.6 The lead–tin phase diagram. 
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7.7. Eutectoid system 
In addition to the eutectic, other invariant points involving three different 
phases are found for some alloy systems. One of these occurs for the 
copper–zinc system  (Figure 7.7) at 560ºC (1040ºF) and 74 wt% Zn–26 
wt% Cu. A portion of the phase diagram in this vicinity appears enlarged 
in Figure 7.8. Upon cooling, a solid δ phase transforms into two other 
solid phases ( and ) according to the reaction 
 

 
 

The reverse reaction occurs upon heating. It is called a eutectoid (or 
eutectic-like)  reaction, and the invariant point (point E, Figure 7.8) and 
the horizontal tie line at 560ºC are termed the eutectoid and eutectoid 
isotherm, respectively. The feature distinguishing “eutectoid” from 
“eutectic” is that one solid phase instead of a liquid transforms into two 
other solid phases at a single temperature. The peritectic reaction is yet 
another invariant reaction involving three phases at equilibrium. With this 
reaction, upon heating, one solid phase transforms into a liquid phase and 
another solid phase. A peritectic exists for the copper–zinc system(Figure 
7.8, point P) at 598ºC (1108ºC) and 78.6 wt% Zn–21.4 wt% Cu; this 
reaction is as follows: 
 

 
 

The low-temperature solid phase may be an intermediate solid solution 
(e.g.,ε in the above reaction), or it may be a terminal solid solution. One 
of the latter peritectics exists at about  97 wt% Zn and  435ºC (815ºF) 
(see Figure 7.7), wherein the  η  phase, when heated, transforms to ε and 
liquid phases. Three other peritectics are found for the Cu–Zn system, the 
reactions of which involve  β , δ and  γ intermediate solid solutions as the 
low-temperature phases that transform upon heating.  
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Figure (7.7) The copper-Zinc phase diagram 
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 Figure (7.8)A region of the copper–zinc phase diagram that has been 
enlarged to show eutectoid and peritectic invariant points, labeled E 
(560ºC,74 wt% Zn ) and P(598ºC,78.6 wt%  Zn) respectively. 


