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The Phase Rule

“Phasc rule predicts quanutatwely the ethbrmm exwtmg between
different phases of a hetemgeneom systems.”

——

{  PHASE RULE

. The phase rule is a generallsatlon given by Willard Gibbs (1874) which
secks to explain the equilibria existing in heterogeneous systems. It may be stated
as 1 “provided the equilirbium between any number of phases is not influenced by
gravity, or clectrical, or magnetic forces, or by surface action and only by temperature,
pressure and concentration, then the number of degrees of freedom (F) of the system

is related to the number of eomponents (C) and of phases (P) by the phase rule
equation,

F C-P+2]|

for any system at equilibrium at a definite temperature and pressw‘e Thls rule, if
properly applied, has no exception. - -

Explanation of terms: (1) Phase: A phase is deﬁned as “an homogenenns
physically distinct and mechanically separable portion of system, which is separated
from other such parts of the system by definte boundary surfaces”. For example :

(i) At freezing point, water consists of three phases :
| Ice(s) = Water() = Water vapour (g)
(i) A gaseous mzxture being thoroughly miscible in all proportlons will
constitute onc phase only. Thus, a mixture of N, and H, forms one phase only.

(ziz) If two liquids are immiscible (i.c., benzene and water), they will form two
separate phases.

(tv) If two liquids are mtsczble (t.e., alcohol and water), the)f will form one
liquid phase only. 1

(v) A solution of a substance in a solvent conszsts of one plzase only, e,
glucose solution in water :

(vi) Each solid makes up a separate phase, except in the case of solid
solutions, e.g., many forms ofa sulphur can exist together, but these are all separate
phases. :

(Un) A heterogeneous mixture like :
CaCO3(s) = CaO(s)+ COg(g)
consists of three phase (i.e., two sohds and one gaseous).
.. hlmllarly, in the equlllbrlum reactlon ,
- ; Fe(s) + HyO(g) = FeO(s) + Hg(g)
there are two solid phases, Fe and FeO and one gaseous phase con51st1ng (}f
Hzo(g) and Hy(g). Thus, three phases exists in equilibrium.

(viii) A homogenous solid solution of a salt constitutes a single phase. Thus,
Mohr’s salt [FeSO, . (NH),S0,.6H,0] solution const1tutes a smgle phase, although
it consists of FeSO,;, (NH SO, and H20
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(2) Component By the term component is meant “the smallest number of :
-mdependent variable constituents, taking part in the state of equilibrium, by means
- of which the composition of each phase can be expressed in the form of chemzcaz

equation”. For exampie

(@) In the water system, gy

 Iee(s) - Water(l) = Vapour(g) _
the chemlcal composmon of all the three phaseb is HgO Hence itis one component
system. : , S i i
(u) The snlphur system conszsts of four phases, rhombzc monoclmzc ltquzd y
and vapour, the chenucal composxtlon of all phases is S. Hence, it i is one. component
system. . : : -
(ii) In the dissociation of NH4CI in a closed vessel,

NH401(s) = NH401(g) £ NHggg) + HCl(g)

the proportions of NH3’ and HCl are equivalent and hence the composition of both
-phases (solid and gaseous} can be expressed in terms of NH4CI alone: Hence; the
number of component is one. However, rf N"Hs or HCl is in excess, the system
becomes a two component system. . - cu, %

(zv) A system of saturated solution of NaCl consists of sohd salt, salt solution
and water vapour. The chemical comp051t10n ofall the three phases can be expressed
in terms of NaCl and H,0. Hence, it is a fwo component system.. :

(o) In the thermal decompos:ﬁtmn of CaCoO;, Py

o : CaC(lg(s) = CaO(s) + COg(g) |

the compomtmn of each of the three phases can be expressed in terms of at least any -
two of the 1ndependently variable constituents, CaCOs, CaO and CO,. Suppose -

CaCOg3 and CaO arechosenasthetwo comp onents then the compos:tlon of dlﬁ'erent :
phases is represented as follows :

~ Phase: CaCO3 = CaCO3 +0 Ca0
' " _P_halse CaO -0 CaC03 +Ca0

ok Phase'.*.'- €Oy =CaCOg - CaO

* Thus, it a two component system - "

e __--""(w,) In the dissociation reaction, R S
| - CuS04.5 H20(s) B . CuS04.3 HzO(s) + 2 HgO(g)
.' the. composxtlon of each phase can be represented by the simplest components _'
CuS0O4 and H20 Hence it is two component system. : :

(vii) In the equilibrium, Fe(s) + HoO (g) = FeO(s) + Hz(g), the mmlmum_
: 'components requlred to express the composition of each phase is three. vadently,-'
‘1t is a three component system. 4 : _ _

- 48) Degree of freedom or variance : By the term “degree of freedom is

, __meant by” the minimum number of independently variable factors, siich as temper-
.-ature, pressure and composition of the phases, which must be arbitrarily speozﬁed in

Iive order to represent prefectly the condition of a system For example :

: (i) In case of water systexn Ice (s) = Water.(l) == Vapour @), 1f all the.
'lthrec phases are present in. equﬂlbnum then no cond;tmn need to be spec1ﬁed as
"the three pheses can bein equilibrium only at particular temperature and pressure

" The system is, ‘therefore, zero variant or non-variant or invariant or has no degree

of freedom. If condition (e g., temperature or pressure) is altered three phases w1ll |

not remam in eqmllbrmm and one of the phases dlsappears : '
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(zz) For a system cons1stmg of water In contact W1th its v'spou‘r

Water (/) =  Water: vapour (g),

we must state either the temperature or pressure to define i
degree of freedom is one or system is univariant.

 (iii) For a system consisting of water vapour phase only, we must state the.
values of both the temperature and pressure in order to describe the system
wmpletely Hence the system is bivariant or has two degrees of freedom.

(iv) For a system consisting of,
NaCl (s) = - NaCl-water (aq) | # Water vapour (g),

we must state either the temperature or pressure, because the saturation solubility
is fixed at a particular temperature or pressure. Hence, the system is univariant.
~ (v) For a gaseous mixture of N2 and H,, we must state both the pressure and
temperaure, because if pressure and temperature are fixed, the volume automati-
cally becomes definite. Hence, for a gaseous system, two factors must be stated in
order to define it completely and thus it has two degrees of ﬁeedom (or bwartant
system). : :

Merits of phase rule (1) 1t is apphcable to beth phys;cal and chemlcdl
equilibria. o --

(2) It requlres no - mformatmn regarding molecularfmlcre-struture since it is
apphcable to macroscop:c systems A . -

(3) It is a convenient method of classifying equ1hbnum states in terms of phases
components and degrees of freedom. :
(4) It helps us to predict the behaviour of a system under dlfferent sets of
variables. - - - o ¥
C5) It mdlcates that dlfferent systems w1th same degree of freedorn bebave
smularly gy : : Lo oSl Ry

(6) It does not take into cognizance of e1ther the nature or quantltles of component '
present in the system. : : _

(7) It helps in demdmg whether under a given. set of conditicus : (a) various
qubgtances Would exist together in ethbrlum or (b) some of 4 Lie substances pxesent
would be mterconverted or (c) some of the substances present would be eliminated.

t cempletely Hence

leltatlons of phase rule: (1) It can be applied only for system in equzl ibrium.
Consequently, it is of little value in case of very slow equilibrium state attaining system.

2) 1t applles only to a single equilibrium system ; and prowdes no mformatmn
l‘egardmg any other p0331b1e cqulhbna in the system.

(3) 1t reqmres utmost care in dec1d1ng the number of phases emstmg in an
equlhbnum state, since it conmders only the number of phases rather than their
amounts. Thus, even 1f a trace of the phase 1S present it 1ccounts towards the total
Dumber of phases :

(4) It cond1tmns that all phases of the system must be present s1multaneously, ,
under the mdentlcal conditions of temperature and pressure : e

(5) It conditions that solid and llqmd phases must not be in ﬁne]y d1v1ded state e

Otherwrse deviations occurs.

2 WATER SYSTEM : : b :
The wat e system consﬂ:s of _::hree phases viz., ice, water and water vapour.

Tce (s) =1 Water (l) = Water vapour @
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Since H,0 is the only chemical compound involved, therefor‘e, it is single or one-com-
ponent system. From the phase rule, when C =1,

F=C-P+2=1-P+2=3-P e w
L.e., the degree of freedom depends on the number of phases present at equilibrium,
Three different cases are possible :

) P=1: F=9 - (brvartant system)
(i) P=9 ] F-1 = (univariant system)
(:'L:i) P-3 ' F=0 (invariant system)

From the above, it is clear that for any one-component system, the maximum
number of degrees of freedom is two. Therefore, such a system can b? represented
completely by a two-dimensional diagranm. The most convenient variables are the
pressure and the temperature. The water system is shown in Fig. 1. The diagram
consists of :

C
Critical g
pressure 5
L*]
€ A
1 218 atm N
________ ik DT
."‘—:" prucs 1
3 =4 Liquia '
(5] 3-; )
£ Sold S | Freezin : Fig. 1. The water system.
<] = 9 g
= (lce) " | point of :
% ~ Triple point waior s
2 1 atm '
W e mmm el - Vapour 5
ﬂ,: i
£ 1.4.'_59'.':'1.? ______ : r | Crncal
Be e o y 0.01, Boilingpont 1 [temprealure
3] / ':P/ 1 ol water 1
! ! ] Lo
273 0.0 100 374 400

Temprature,°C —»

(1) Areas : AOB, AOC and BOC are the fields of existance of vapour, liquid
and 1ce phase respectively. Within these single-phase areas, the system in bivariant,
because to locate any point in an area, temperature as well as pressure co-ordinates
need to be known. This also follows from phase rule equation: F=3 <P =3 -1=29,

(2) Boundary lines : Separating the areas are lines OA, OB and 0OC,
connecting the point at which two phases can co-exist in equilibrium. In order to
locate any point on a particular line, either temperature or pressure co-ordinate
should be known, because for fixed value of one co-ordinate, the second is automat-
ically tixed. In other words, any point on boundary lines has one degree of freedom
or s univariant. This also follows from phase rule equation : F=3 -p-3_-2-1.

(¢) The curve OA, dividing the liquid from the vapour region, is called vapour
pressure curve of liquid water or vaporisation curve. At any given temperature, there
I8 one and only one pressure at which water vapour 1s in equilibrium with liquid
water, Simii;u‘]_‘y. at any given pressure, there is one tempersture at which water
vapour s in equilibrium with liquid water. In other words, the system is univariant,
Le., 11;1;4 one degree of freedom. The curve OA has a natural upper limit at - 374°C,
which is the critical-point, beyond which the liquid phase merges into vapour phase
and they are no longer distinguishable from each other.

- ) The curve OB is the sublimation curve of ice. It gives the conditions under
which water vapour is in cquilibrium with solid ice. The point B has a natural limit
at - 273°C, beyond which the two phases merge into each other.
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(iii) The curve OC, which divides the solid — ice region from the liquid — water
region, 18 called melting curve, because it Endic::l.vs how the melting tpmpemt.gr:e of
ice or the freezing temperature of water varies with the pressure. The stope of QC
towards the pressure axis shows that the melting point of ice 1s decreased by increasing
pressure. | | |
(3) Triple point : The three curves OA, OB and OC meet at 0, at which solid,
liquid and vapour are simultaneously at equilibrium. This point at 273.16 K (or
0.0098°C and 4.579 mm pressure), is called a triple-point. Since three phases co-exist,
the system is invariant (F = 3 - 3 = 0). In other words, there is no degree of freedom
at O, 1.c., neither pressure nor temperature can be altered, even slightly, without
causing the disappearance of one of the phases.

Note : Triple point of a system is the point at which the gaseous, liquid and solid
phases of a substance co-exist in equilibrium. For a given substance, the triple pni‘nt occurs at
a unique set of values of the temperature, pressure gnd volume. For example, triple point of

water is 4.58 mm Hg pressure and 0.0098°C temperature. At triple point, the system 1s non-
variant (or zero variant). If either temperature or pressure or volume is altered, even slightly,

one of the three phase disappears and the system changes from non-vartant to univariant.

(4) Metastable curve OA’ : As water does not always freeze at 0°C, so if the
vessel containing water and vapour is perfectly clean and free from dust, it is possible
to super-cool water several degrees below its freezing point O. The dotted curve
OA’, a continuation of vaporization curve AO, represents the vapour pressure curve
of supercooled water. This curve represents a metastable system. On slight disturbance,
the supercooled water at once changes to solid ice. It may be noted that metastab’e
vapour pressure of supercooled water is higher than the vapour pressure of ice.

Note : Metastable state is the state of supercooled water or supersaturated solution
in which the phase, which is normally stable under the given conditions, does not form unless
a small amount of the normally stable stateis already present. Thus, supercooled water remains
as liguid water below 0°C, until a small crystal of ice 1s introduced.

3 SULPHUR SYSTEM

Sulphur occurs at low temperatures in rhombic form (Sp) and at high
temperature in monoclinic form (Sy,). Besides these allotropic modifications, there
are liquid sulphur (S;) and sulphur vapour (Sy) phases. The complete temperature-
pressure phase diagram for the system is shown in Fig. 2.

E (151°C, 1,288 mm)
Sp

Fig. 2. The sulphur system.

Pressure (not to scale—schematic) ——sa-
o
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o
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S,

Temprature (not to scale—schematic) ——p

As all the four phases are chemically s it i
ysulphur,soitisao sto
From the phase rule, when C=1  F=C-P+2=1-P+2 :?io}ef‘f;;n,tx;wélg;x?z}
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freedom cannot be minus, so out of the four possible phases, only three can co-exist
at a time. The degrees of freedom in different cases will be : -

t) P=1; F=2 : (biﬁariant system)
coe iy Py 1F=1 ' (univariant system)
Gy P=8y =0 , (invariant system)

The diagram consists of : N

(1) Areas : The diagram is divided into four areas ABEF, DCEF, BCE and
ABCD, the fields of existence of only one phase Sg, Sz, Sy and Sy respectively.
Withing these single-phase areas, the system is bivariant, because to locate any
~ pointin any area, the variables, pressure as well as temperature need to be specified.
This also follows from phase rule equation : F =3 -P=3-1=2.

(2) Curves : There are six stable curves AB, BC, CD, BE, CE and EF
representing stable equilibria of two phases side-by-side. Besides these, there are
four metastable curves, depicted by dotted lines BG, CG, EG, BB’, which are
continuations, indicating metastable equilibria between two phases. The curves are
univariant, because for a given value of pressure, the temperature is automatically
fixed on a curve. This also follows from the phase rule - equation
F=3-P=3-2=1, o _ P R R

+ (2) Curve AB is the vapour pressure curve of solid rhombic sulphur (Sp =
Sy). Rhombic sulphur is stable upto B (95.6°C, 0.006 mm), above which monoclinic
sulphur is stable. The curve BA ends at A (50°C), below which the vapour pressure
gf Sg _1? _noSt'-.me_as_'urable. Point B, is known as the transition temperature of

)

K o 1f fh_b_i_;ibi_r: s'ﬁlph_ﬁr' is heated quite rapidly, it will b);iaass the transition point .
B, without change, and finally melt toliquid sulphur at G. Curve BG is the metastable
vapour pressure curve of rhombic sulphur. E AT IR
: (E_?. Curve BC__represents the vapour pressure curve of monoclinfﬁsdlpkur_‘l :
Sy = Sy Sy is stable upto C (120°C, 0.04 mm), the melting point of mono-
“elinic sulphur, 0T e Lt RO e
Y _(ii)'- Curve CD is' the .vapour  pressure curve of liquid sulphur
(SL_ s SV).._ The curve'CD__ can be prolonged beyond C, in the domain of SM,'
yielding the metastable vapour pressure curve of supercooled liquid sulphur. |
E_L{) Curve BE is the transfo;jmation curve for rhombic-monoclinic sulphur |
Sp = . Sup). The curve is _slqufng_ away from the pressure axis, indicati‘ng' that
the transition temperature of Sp'— S} increases with increasing pressure. This
is because increase of pressure favours the formation g -
desise By ) 1on of more dense Sy

0] Curye CE represents the equilibrium between S, and. S, The density.
g‘;‘;fgfﬁ?&;ls less __thazl1 thajc ef the monoclinif: solid .a\_na:ji‘ldr hgnce,LCE slpiigstﬂ:_};;;
303 I(L_;i)-C'w_"ueEFrepreseptsthe meltingpointhrpg OfSR (SR o STk dcﬁt-é&.
_ ¢ l'l'?_vf,._l:i‘G._lslthe metastable vapour pressure curve of super cooled m;é clirf‘i'c‘ Sl
... Ariple points : There e ; G i L
- CO20°C, 004 mm), and E(151°, 1358 st ot o ey 205 970 0.006 mm).
Gl | B o SiSuy, Sy ALt At

. B it :SM',SL’SV_ '

v AR Srs Sy, Sy,

from less
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All these triple points are invariant, because variation of any one of the
vmables temperﬂtuw or pressure, causes the disappearance of one of the three
- phases. This is also required by phase rule equation : F=3-P=3-3=0.

Besides these, G(115°C, 0.03 mm) is the metastable triple point, representing
the equilibria Sg, Sy, Sy. This point is also invariant. Slight variation in conditions

causes all these three phases to disappear simultancously, and a new phases Sy is
obtained. '

4 PHASE RULE FOR TWO COMPONENT ALLOY SYSTEMS

In a two-component system, when P = 2, degree of freedom (F) has the highest
value : F=C-P+2=2-1+2=3. Since the maximum number of degrees of
freedom in’a two-component system is three, so the phase behaviour of a binary
system may be represented by a three-dimensional diagram of pressure, tempera-
ture and composition, which cannot be conveniently shown on paper.

A solid-liquid equilibrium of an alloy has practically no gas phase and the
effect of pressure is small on this type of equilibrium. Therefore, experiments are,
usually, conducted under atmospheric pressure. Thus, keeping the pressure constant
of a system, in which vapour phase is not considered, is known as condensed
system. It will reduce the degrees of freedom of the system by one and for such a
system, the phase rule becomes :

|\F=C-P+1

This is known as the reduced (or condensed) phase rule, having two
variables, namely, temperature and concentration (or composition) of the constitu-
ents. Therefore solid- 11qu1d equlhbna are represented on temperature-compos;twn

diagrams.

5 = THERMAL ANALYSIS .

 Theshapeofthe freezing point curves for any system eSpecm!ly thoseinvolving
metals, can be determined by thermal analysis — a method involving a study of the
cooling curves of various compositions of a system during solidification. The form of .
the cooling curve indicates the composition of the solid. The principle of the method
can be understood from the following considerations :

(1) When a pure substance in the fused or liquid state is allowed to cool slowly

and the temperature noted at definite times, the graphic representation of the rate
of cooling will be contmuous curve [see Fig. 3(a)] When the freezing point is reached

a a

Begining of
-{ lreezing -
~ End of freezing

c

\. b \
" Freezing L. O Rem———

“paint

- Freezing point

Begining of freezing

End of freezing

| Temperature ——m
Temperature ——»

Butectic
temperature

5 TH® e, 5 T Yine e
e g £ 8, “B oy ooy, (i
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is indi : in the continuity of
carances, it is indicated by a break in the continuity

and the solid makes its app il the Tiauid i

the cooling curve and the temperature witl remain constant, o ok | ke

completely solidified. Thereafter, the fall in temperature will ag

continuous. e coulin
(2) If a mixture of two solids in the fused state be cooled slowly an e cooling

curveis obtained in a similar manner. We likewise obtain a contin uous cooling cu rve,
so long as the mixture (or solution) is i;} the hiquid statf:.. When a mhd‘pt‘m‘sre i/)je;{u;:'
to form, the rate of cooling abruptly alters and the coplmg curve exhibits a rn;a ;
However, the temperature does not remain constant, a.zs inthe previous ca'slaj qu.crm ng
of a pure substance. The temperature decreases continuously, but at a rilffe:reqt rate
and if the mixture forms an eutectic, the fall of temperature cuntlnur_:sa, tl!l j:he
eutectic point 1s reached. The sytem now becomes tnvartant fmm_ the point mf view
of the phase rule and the temperaturs remains constant, until solidlflcatlon is
complete [see Fig. 3 (b)]. Thereafter, the fall of temperature becomes uniform, but
the rate of fall is quite different from the previous one.

From the cooling curve for any mixture of a definite composition, it is possible
to obtain its : (i) freezing point, and (i1) the eutectic temperature.

(a) The freezing point varies with the composition of the system, but the
cutectic point remains constant for a given system.

(b) The nearer the composition of the system to the eutectic, the shorter is the
portion bc and the more prolonged is the halt ed.

(¢) If the mixture coincides with the eutectic composition, the curve shows no
break corresponding to be, but the break appears only at the eutectic point, c.

(d) If the cooling curves of a series of alloys of known compositions are worked
out and their freezing points are noted, by plotting freezing point against composi-
tion, T-C curve is obtained for the alloy system. However, in order to complete the
diagram, it is necessary to know the freezing points of the pure components also.

(e) Now the cooling curve of an alloy of the same metals, but of unknown
composition is determined and its freezing point located in the 7' - C diagram. The

composition corresponding to this freezing point yields the composition of
the alloy.

| (f) The thermal analysis procedure can also be used to derive the phase
diagram of any two component system.

6 EUTECTIC SYSTEM

A_ bmgry system consiting of two substances, which are miscible in all
proportions tn the liquid phase, but which do not react chemically, is known as the

“eutectic (easy to melt) system”, e £., a mixture of le ;
» €8, ad a i
such a system. nd silver comprises of

lowest freezing point of ail the possible mixture o
advantage of in “alloys of low melting point”

‘ Eutgctic point : Two or more solid substances
solutions with each other have the property of lowering e
:.mcl the minimum freezing poip+ attainable corre
ts termed the eutectic point (means lowest melting point)
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o A " Eutectic |  Eutectic
ARGt Py 52 composition | _temperature
T Ag(9609 | Cu(1083) 71.8% Ag 778° C
Pb (327°) Ag (961°) 97.4% Pb 303° C
Bi (273°) Cd (323°) 60.0% Bi 140° C
Cd (323°) Zn (419°) 67.0% Zn 270° C
. Zn(419°) Al (659°) 95.6% Zn 381°C |

Table 1. Some eutectic systems.

315

Application of eutectics: Low-melting alloy are used in safety devices (e.g.,
as plugs in automobiles), fire-sprinklers and as ‘fail safe’ device in boilers). By
suitable choice of metals, very low melting alloys can be obtained, e.g., wood’s metal
(alloy containing 50% Bi, 25% Pb, 12.5% Cd and 12.5% Cd ) melts at 65°C only.

7 BISMUTH-CADMIUM EUTECTIC SYSTEM

It is a two component system with four possible phases — Bi(s), Cd(s),
Bi + Cd solution, and vapour. Since effect of pressure on equilibrium is nil, so the

svstem can be represented by temperature-composition diagram (see Fig. 4)
at constant atmospheric pressure. Since the gaseous phase is practically absent, so
one variable (pressure) is neglected, and the condensed phase rule :
F=C-P+1=2-P+1=3-P will be applicable.

A Liquid Q. B

Solid Bi + solid Cd

1 1 e
0 15 40 100
Weight percent Cd ——%

Fig. 4. T-C diagram of Bi-Cd system.

' (1) Curve AO (freezing piont curve of Bi) shows the effect on freezing point
of Bi on addition of Cd in small quantities. The curve indicates that the melting or
freezing point of Bi falls gradually on adding Cd, along AO, till the lowest point O
(140°C) is reached. At O, no more-Cd can go in solution, and hence, m.p. does not

fall any further, and if Cd is added, it se '
’ , parates as the solid phase. Along AO, d
of freedom F = 3 - P =3 - 2 = 1 (univariant). it

- (2) Curve BO (freezng point curve of Cd) represents the effect on freezi
point of Cd on gradual addition of small amounts of Bi to it. Point B is the r?;l.noi'
})Oure Cd ('323 (?). Along BO, the m.p. gradually falls on the addition of Bi, till the
: west point O is reached, when the solution gets saturated w.r.t. Bi and m.p. of Cd

oes not fall any more. The system of curve BO is invariant like AO.

(3) Eutectic point O : The two curves AO and BO
: : : ; : meet at O, where three
phases (solid Bi, solid Cd and their solution) co-exist and hence, the stvt:ten: Lli
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invariant (F =8 — P =3 — 3 =0). The point O (140°C) represents _aﬁxed com_position
(of 40% Cd and 60% Bi), and is called eutectic point (i.¢., nln_mlxtfure of Bi and C.d
has a m.p. lower than this composition) and this composition, is called eutectic

composition. '
At O, the temperature remains constant, until the whole melt of eutectic

composition solidified en-block. ‘

(4) Area AOB represents solution of Bi-Cd. It is called liquidus curve, i.e.,
above 1t only liquid exists.

Effect of cooling a liquid mixture : Let us consider a liquid at P (15% Cd
and at 250°C). On cooling, it remains as liquid, till point P’ is reached. At P’, pure
Bi(s) begins to crystallize out. So T}, represents the freezing point of 15‘%.Cd a_dlqy.
As the crystallization continues on cooling, the freezing point of the remaining liquid
goes on depressing and the liquid melt becomes progressively richer in Cd, till
cutectic point O is reachel. At O, the liquid (m.p. = 140°, and composition 40% Cd)
solidifies en-block. A similar course of events take place, if a liquid alloy having
composition higher than 40% Cd (say point @) is cooled. The only point of difference
in this case is that pure Cd(s) crystallizes [instead of Bi(s)] and composition of liquid
melt becomes progressively richer in Bi.

Note : Any horizontal line (called tie-line) connecting the liquidus to the solidus can

give the composition of the solid in equilibrium with a liquid of given composition. In such a
case, the solid phase will be either pure Bi or pure Cd or eutectic composition.

SOLVED EXAMPLES _
Example 1. An alloy of tin and lead contain 73% tin. Find the mass of eutectic in
1 kg of solid alloy, if the eutectic contains 64% of tin. (Nagpur, May 86)

Solution. 1 kg of alloy contains 730 g tin and 270 g lead. In the eutectic
composition, tin is 64% and lead is 36%. Therefore, corresponding to 270 g of lead, the
mass of tin in eutectic .

270 x 64
=S =480,

- Total mass of eutectic in alloy = 270 g + 480 g =750 g.
Example 2. An alloy of Cd and Bi contains 25% Cd. Find the mass of ecutectic in
1 kg of alloy, if the eutectic system contains 40% Cd. (Amravati, 98 Summer)

Solution. 1 kg of alloy contains 250 g Cd and 750 g Bi. In eutecti 1
40% and Bi is 60%. Therefore, corresponding to 250 g of Cd, the mass ofl cBiSYStem, o5

250
ey

Hence, total mass of eutectic in 1 kg alloy = 250 g+375 g =625 g
Example 3. 1,000 kg of a sample of argentiferrous lead containing 0.1% silver is

melted and then allowed to cool. If eutectic contains 2.6% o :
will be formed, and (ii) mass of lead will separate out ? U M maSS(I;Me:,:l.h(i.z )ngegg;

Solution. (i) Mass of Ag in 1,000 kg argentiferroug lead
=(0.17100) x 1,000 kg = 1 kg
gt crtn K e
Mass of eutectic = ?6—9% x 100% = 38.46 kg.
(1) Mass of Pb separated = [1,000 - 38.46] kg = 961.54 kg

Example 4. An alloy AB of 10 g weigh ]
i : ght contained A -
cooling gave out B and an eutectic alloy with A and B at equt:;tz 223’2 TLhe Srna sl )
amount of B that has formed ? kit a& Wh;; = t}g;
; na, May 9
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