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Looking at the Cu-Ni phase diagram, we have two phases: one liquid richer in Cu and one
solid richer in Ni. We need to draw the tie line and use the lever rule.

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

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

. my _ _Zgz—x __ 60-70 __
Lever rule: e = etk = e = 05

Mag 1 _ ML o
and myg+mss 1 mr+mss 0.5

So we have |2.5 Ibs of liquid and 2.5 Ibs of solid|

We are slightly above the eutectic temperature (779.2°C).

For an alloy with 20% wt Cu, we have two phases: one solid with 8.8% wt Cu and a liquid
phase of eutectic composition with 28.1% wt Cu. Again using the lever rule, we write:!

X my _ ZTeweene =T 28.1-20

my + Misqued Zeutectic — Lo 28.1-8.8

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

For an alloy with 60% wt Cu, we again have two phases: the liquid phase at the eutectic
composition 28.1% wt Cu and the -sohd at 92% wt Cu. Using the lever rule:
Mliguid g—x  92-60

Xlzquzd = = -
Miiquid + mg g — Teutectic 92 —28.1

= (.501

So we have 50.1% wt of the liquid and 49.9% of the 3-solid.

I'We use X to denote mass fraction of each phase and z to denote composition.
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We are just under the eutectic temperature (778°C). Let us consider the alloy with 20%
Cu composition. The microstructure consists of blocks of proeutectic & with 8.8 % Cu and
eutectic o + 8. The proeutectic « is 42 % of the total alloy weight (see Problem 2 where we
used the tie line just above the eutectic temperature).? The total « is given by using the tie
line just below the eutectic temperature:

Miotal a _ _9_?__:_2_9_ = 86.53%
Maltoy 92 — 8.8 '

.
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e The eutectic temperature is 183°C and the eutectic composition is 61.9% wt Sn and
38.1% wt Pb.

e At 183.5° C and for an alloy with 26% wt Sn, we have an a-solid (19.2% wt Sn and
80.8% wt Pb) in a liquid matrix (61.9% wt Sn and 38.1% wt Pb).

e At 182.5° C, we now have the a-solid (19.2% wt Sn and 80.8% wt Pb) and the §-solid
(97.5% wt Sn and 2.5% wt Pb).

e At 100° with 45% wt Sn, the phases in equilibrium are the a-solid (~ 2% wt Sn and
98% wt Pb) and the (-solid, which is at such temperature just pure Sn.

e Lever Rule: —fa— — ;’Ess'ff; = —11%00%475 = 0.561. Thus we have 56.1 % wt of the a-solid

a+ k()
and 45.9% wt of psure Sn.

For T = 182°C, we are just below the eutectic temperature, but with only 15% wt Sn, we
are in the a-solid region (only one phase). For T = 150°C and T = 50°C, we have two solid
phases: The o and the § phases. The lever rule is going to be written - = z?_;t and
the results are shown in the table below.

2The composition of the proeutectic a does not change as we move from slightly above the eutectic
temperature to slightly below the eutectic temperature.
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Temp | a-sobd Comp. % wt Sn | a-solid Comp % wt Pb | B-sohid Comp % wt Sn | B-solid Comp. % wt Pb | % wt a-sohd | % wt G-solid
182° 15 85 / / 100 /
150° 10 90 99 1 94.4 5.6
50° 2 98 100 0 86.7 13.3

A eutectoid transformation is when a solid decomposes in two different solid phases at a
certain temperature (eutectoid temperature). This solid needs to have a specific composition,
the eutectoid composition.

In the Fe-C phase diagram (up to 6.67% wt C where one finds Fe3C, cementite), there is
only one eutectoid transformation. It happens for a composition of 0.8% wt C at T = 723°C
and is the transformation of austenite (y-Fe) to ferrite (a-Fe) and cementite (Fe3C). This is
called the pearlite reaction: y-Fe — a-Fe + Fe3C

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

e At 724° C an Fe-1% C alloy is a two phase mixture of 7-iron (composition=0.8 % C)
and Fe3C (6.67 % C). By the lever rule:

1-038
X = —— = ),
FeaC = g o8~ 0034
ie. 3.4 % FesC and
%
6671
X, = ——— = 0.966
T 6.67—0.8 96

i.e. 96.6 % ~y-iron.

e At 722° C an Fe-1% C-alloy is a two phase mixture of a-iron (ferrite bee iron compo-
sition=0.025 % C) and FesC (6.67 % C). By the lever rule:

1-0.25

667 —025 147

XF65C -

i.e. 14.7 % Fe3C and




6.67—1

=—  —0.853
“ 7 6.67—0.25 8

ie. 85.3 % a-iron.

e At 724° C an Fe-0.6% C alloy is a two phase mixture of a-iron (0.025 % C) and ~-iron
(0.8 % C). By the lever rule:

0.8—06
X, = ——— =0.
“70.8—0.025 0.258

ie. 256.8 % a-iron and

6-6—0-625

Xy = ———"e =0.742
7 0.8 -0.025

ie. 74.2 % v-iron.

e At 722° C an Fe-0.6% C alloy is a two phase mixture of a-iron (0.025 % C) and Fe;C
(6.67 % C). By the lever rule:

6.77 — 0.6

= =091
* T 6.67—0.025 0.914
ie. 91.4 % a-iron and
0.6 — 0.025
Xresc = 6.67 - 0.025 _ 086

i.e. 8.6 % FesC.
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A)  ANSWER IS APPRX. % ED &
wefo L= 39218 o g7
39-13 °
Wt/, A = __32— = 0
/ ETEY 407
b) wef ) = 2L - 25
' €1.7-/7.2
ey, o = EL17E2 2 g
61.9-17.2
) vt E 5 30-1% 2 014 kg
17.5-19.2
Wt o = 17.5-30 61.9~30 = 0./15
17.5~172 61.7-19,2 N
6'6 _ =)
0.0%) = 71-X_ 0.3~ X
6.67-0.025 0.§-0.05
x=o°l
- =
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10.13. (a) A eutectoid steel 1s cooled at a steady rate from
72710200° Cinexactly 1 day. Superimpose this cool-
ing curve on the TTT 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. (¢) What would be the first phase
to be observed? (Recall the appioximate nature of
using an 1sothermal diagram to represent a continu-
ous cooling process )

10.13 | (a) The (ao/:!j rafe Ae:
Q7 _ 727°€C-2007T _ oxs0- 3
= é./0x10 %

W%

1y

s€ H4h x %00 s/5
For varios Fmea A-{vj 44 c.a[b, Sunl,

£ (sec) ATé'cz — 7 Cc)
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