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o The Cooling Curve

O Cooling curve indicates the gradual change in temperature

with time during cooling of alloy
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SRl oy iyl Nonequilibrium Solidification of Cu-Ni Alloys

Calculate the composition and amount of each phase in a Cu-40% MNi alloy that is
present under the nonequilibrium conditions shown in Figure 10-17 at 1300°C,
1280°C, 1260°C, 1240°C, 1200°C, and 1150°C. Compare with the equilibrium com-
positions and amounts of each phase.

SOLUTION

We use the tie line to the equihibnum sohdus temperature to curve to calculate com-
positions and percentages of phases as per the lever rule. Similarly, the nonequilib-
rium sohidus temperature curve 1s used to calculate percentages and concentrations

of different phases formed under nonequilibrium conditions.

Temperature

Equilibrium

Monequilibrium

1300°C L- 40% Mi 100% L (- 40% Ni 100% L

1280°C {- 40% Ni 100% L (- 40% Ni 100% L
1260°C L 34% NiH — 50 L - 3% NiH — 65% L
o AE% NiH — 5% a . 51":':.NiH _ 35%a
1240°C L- 98% Mi — 0% L L 28% HiH — 0% L
a: 40% Ni 100% a o A8% NiH — 60%a
1200°C a: 40% Ni 100% a - 225 NiH — 14%1
a: 43% NiH = BE%

1150°C a: 40% Ni 100% a e 0% Ni 100% a
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positions at 300°C, 200°C, 184°C, 182°C, and 0°C.

Hypoeutectic Alloy

For a Pb-30% Sn alloy, determine the phases present, their amounts, and their com-

3 =100 W BB Determination of Phases and Amounts in a Pb-30% Sn

SOLUTION
Temperature (*C) Phases Compositions Amounts
300 L L: 0% 5n L=100%
200 o+ L L: 55% Sn 1= 2018 100 = 3%
) hh — 18
H5 — 30
. v A — _ ns
a: 1B% Sn a 55_181{1[:':] [
, 30 -19 .
184 w4+ L L:619% Sn L= m » 100 = 26%
61.9 — 30
. 19% = —— X = T4%
a: 19% Sn e T 100 = 74
975 - 30
. qub = - = = 4
182 x + @ e: 19% Sn = 975 19 »* 100 = 85"
30 - 19
: 97 5% = ——— X = 14%
B: 97 5% Sn B 975 - 19 100 = 14
100 — 30
0 + : 2% 5 = —— x 100 = 71%
“ TR st *~ J0-2
B 100% Sn B = -2 x* 100 = 29%

100 - 2
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TABLE 6.4 Equilibrium-diagram Reactions

MNAME OF REACTION

GEMNERAL EQUATION

L,
Monotectic mn]fng L, + solid \"‘v’/
heating L, -+ solid
L
o li . .
Eutectic Liguid < :mfng solid, + solid, \‘/
b - -
eatng Salid, + solid,
Solid
. i [ . .
Eutectoid Solid, % solid, + solid, \/
Liguid + solid,
L : I :
Peritectic Liquid + solid, =2 _mg new solid,
heating ew solid;
Solid, + solid,
. . . . li :
Peritectoid solid, + solid T ey solid,

2 == .
heating
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Solid Solutions 1on goes through two allotropic transformations (Chapter 3)
during heating or cooling. Immediately after sohdification, iron forms a BCC structure
called 8-ferrite. On further cooling, the ron transforms to a FCC structure called v, or
austenite. Finally, iron transforms back to the BCC structure at lower temperatures: this
structure 1s called e, or ferrite. Both of the ferrites (a and 8) and the austenite are solid solu-
tions of interstitial carbon atoms in 1ron. Normally, when no specific reference 1s made, the
term ferrte refers to the a fernte, since this 1s the phase we encounter more often during the
heat treatment of steels. Certain ceramic materials used in magnetic applications are also
known as fernites (Chapter 20) but are not related to the fernte phase in the Fe-Fe,C system.
Because interstitial holes in the FCC crystal structure are somewhat larger than
the holes in the BCC crystal structure, a greater number of carbon atoms can be accom-
modated in FCC iron. Thus, the maximum solubility of carbon in austenite 1s 2.11% C.,
whereas the maximum solubihity of carbon in BCC iron 1s much lower (1.e., ~0.0218% C
in a and 0.09% C in 8). The solid solutions of carbon 1n iron are relatively soft and duc-
tile, but are stronger than pure iron due to sohd-solution strengthening by the carbon.
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Figure 13-3  Schematic summary of the simple heat treatments for (a) hypoeutectoid steels and
(b) hypereutectoid steels.
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Figure 13-6  The austempering and isothermal anneal heat treatments in a 1080 steel.
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Figure 12-20 The time-temperature-transformation (TTT) diagram for a eutectoid steel,

where P = Pearlite, B = Bainite, and M = Martensite. The subscripts “s" and “f" indicate the
start and finish of a transfoermation. y, is unstable austenite.
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Figure 13-7 The TTT diagrams for (a) a 1050 and (b) a 10110 steel. Note v, =
unstable austenite.
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Figure 13-14 The CCT diagram (solid lines) for a 1080 steel compared with the TTT diagram
(dashed lines).
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FIG. 18.30 The complete isothermal transformation diagram for an
eutectoid steel. Notice that this steel is not a high-purity iron-carbon alloy,
but a commerdial steel {AISI 1080) containing 0.79 percent carbon and

0.76 percent manganese. The effect of the manganese will be discussed in
Chapter 19. Note that the temperature is given in Centigrade, Fahrenheit,
and Kelvin on the left and the hardness of the isothermally transformed
specimens is shown on the right. In this fipure A = austenite, F = ferrite,
¢ = cementite, and M = martensite. (From Atlas of Isothermal Transformation
and Continuous Cooling Diagrams, American Society for Metals, Metals Park,
1977. Reprinted with permission of AMS International (R). All rights
reserved. www.asminternational.org)
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* Most heat treating operations begin with heating the alloy
into the austenitic phase field to dissolve the carbide in
the iron

* Steel heat treating practice rarely involves the use of
temperatures above 1040°C (1900°F)
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Figure 12-10  The aluminum-magnesium phase diagram.



