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Looking at the Cu-Ni phasediagram,we havetwo phases:one liquid richer in Cu and one
solid richer in Ni. We needto draw thetie line and usethe leverrule.

Liquid: 80%wt Cu and 20% wt Ni.

Solid: 60% wt Cu and 40% wt Ni.

Lever rule: ______ — — 0 5
rnL+m

88 Xs~7XL — 60—80

and —~-— 1 — 0.5
mj~ +m88 mj. +m8~

So we have12.5 lbs of liquid and2.5 lbs of solid

We areslightly abovetheeutectic temperature(779.2
0C).

For an alloy with 20% wt Cu, we havetwo phases:one solid with 8.8%wt Cu and a liquid
phaseof eutecticcompositionwith 28.1% wt Cu. Again usingthe leverrule, wewrite:1

ma ~eutectic — X 28.1 — 20
Xa _ ________ = 0.420

m~ ±rnhquid ¾utectic— — 28.1 — 8.8

We have 42.0%wt of the&-solid and 58.0%wt of the liquid.

For an alloy with 60% wt Cu, we againhave two phases:the liquid phaseat the eutectic
composition28.1%wt Cu and the IY-solid at 92% wt Cu. Using thelever rule:

rnliquid ___________ 9260 0.501
XLiquid mliquid ± m~ ~¾3— Xeutectic 92 — 28.1

Sowehave 50.1%wt of the liquid and 49.9%of the fl-solid.

‘We useX to denotemassfraction of eachphaseand x to denotecomposition.
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We arejust under the eutectictemperature(7780C). Let us consider the alloy with 20%
Cu composition.Themicrostructureconsistsof blocks of proeutectic~ with 8.8 % Cu and
eutectica+ /3. Theproeutectic& is 42 % of thetotal alloy weight (seeProblem2 wherewe
usedthetie line just abovethe eutectictemperature).2The total Q is given by usingthetie
line just below the eutectictemperature:

mtotal a _ 92 — 20
______ _ _______ = 86.53%
m~u~ 92 — 8.8

4.

• The eutectictemperatureis 1830C and the eutecticcompositionis 61.9%wt Sn and
38.1%wt Pb.

• At 183.50 C and for an alloy with 25% wt Sn, we have an Q-solid (19.2% wt Sn and
80.8%wt Pb) in a liquid matrix (61.9%wt Snand 38.1%wt Pb).

• At 182.50 C, we now havethe ar-solid(19.2%wt Sn and 80.8%wt Pb) and thefl-solid
(97.5%wt Sn and 2.5%wt Pb).

• At 1000 with 45%wt Sn, the phasesin equilibrium arethea-solid (~ 2% wt Sn and
98%wt Pb) and the fl-solid, which is at suchtemperaturejust pure Sn.

• LeverRule: —~—-— — -~-~- ~ — 1. Thuswe have56.1 %wt ofthea-solidmc.+msn XSnZa 100—2 — 0.56
and 45.9%wt of pure Sn.

For T 1820C,we arejust below the eutectic temperature,but with only 15% wt Sn, we
are in the a-solid region (only one phase).For T = 1500C andT = 500C, we havetwo solid
phases:Thea and the /3 phases.The lever rule is going to bewritten ~ = -~-—~- and

m~ +m~ x~ —x~

the resultsareshownin the table below.

2The composition of the proeutecticc~ does riot changeas we move from slightly abovethe eutectic
temperatureto slightly below the eutectictemperature.
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Temp n-solid Camp. % wt Sn n-solid Camp % wt Pb a-solid Comp ¾~t Sn ~-soi,d Camp, % svt Pb ¾wt n-solid % wt ~-soBd

182~ 15 85 / / 100 /

1500 10 90 99 1 94.4 5.6

500 2 98 100 0 86.7 13.3

A eutectoidtransformationis when a solid decomposesin two different solid phasesat a
certaintemperature(eutectoidtemperature).This solidneedsto havea specificcomposition,
the eutectoidcomposition.

In the Fe-C phasediagram (up to 6.67%wt C where one finds Fe3C, cementite),there is
only oneeutectoidtransformation.It happensfor a compositionof 0.8%wt C atT = 723

0C
and is thetransformationof austenite(‘y-Fe) to ferrite (a-Fe)and cementite(FesC).This is
called the pearlitereaction: y-Fe —+ a-Fe+ Fe

3C

• 1% C, 1000
0C:Only one solid phase,fcc austenite(y-Fe) with 1% wt C (99% wt Fe).

• At 7240 C an Fe-1%C alloy is a two phasemixture of ‘y-iron (composition=0.8% C)
and Fe

3C (6.67 % C). By thelever rule:

1 — 0.8
XFesC = 0.034

6.67—0.8

i.e. 3.4 % Fe3Cand

x — 6.67—1

~ 6.67—0.8= 0.966

i.e. 96.6 % dy-iron.

• At 7220 C an Fe-1%Calloy is a two phasemixture of a-iron (ferrite bcc iron compo-
sition=0.025% C) and Fe3C (6.67% C). By theleverrule:

I — 0.25
XFesC 0.147

6.67 — 0.25

i.e. 14.7 % Fe3Cand
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6.67—1
= 0.853

Xa = 6.67 — 0.25

i.e. 85.3 % a-iron.

• At 7240 C an Fe-0.6%C alloy is a two phasemixture of a-iron (0.025% C) and y-iron
(0.8 % C). By thelever rule:

0.8—0.6Xa = = 0.258
0.8 — 0.025

i.e. 25.8 % a-iron and

x = 0.6 — 0.025

0.8 — 0.025 = 0.742

i.e. 74.2 % ‘y-iron.

• At 7220 C an Fe-0.6%C alloy is atwo phasemixture of a-iron (0.025% C) and Fe3C
(6.67 % C). By the lever rule:

6.77—0.6
Xa = 0.914

6.67 — 0.025

i.e. 91.4 % a-iron and

0.6 — 0.025
XFe3C = 6.67— 0.025 = 0.086

i.e. 8.6 % Fe3C.
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10.13. (a) A eutectoid steel is cooled at a steady rate from
727 to 2OO~ Cinexactly I day. Superimpose this cool-
ing curve on the liT diagram of Figure 10—11 (b)
From the result of your plot for part (a), determine
at what temperature a phase transformation would
first be observed, (C) What would be the first phase
to be observed? (Recall the appioximate nature of
using an isothermal diagram to represent a continu-
ous cooling process
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