3.091 Fall Term 2007

Homework #13 with Solution Sketches

December 6, 2007

(no weekly test on this material = to be covered on the final)

Phase Equilibria

For the binary system Cu-Ni the following data are available from cooling

experiments:

composition of solid
melt composition first formed on cooling
T (°C) (atomic % Ni) (atomic % Ni)
1100 3 10
1180 20 37
1260 40 57
1340 60 73
1410 80 87

(a) From these data and information provided in the Periodic Table, construct the phase

diagram (T vs c).

(b) At each of the following (T,c) coordinates, i.e., combinations of temperature and

composition, what are the phases present and what are their respective compositions?

composition

T (°C) (atomic % Ni)
1120 15
1200 55
1300 60

Draw schematic phase diagrams for binary systems with (a) complete liquid and solid

solubility, (b) complete liquid but zero solid solubility, and (c) complete liquid and limited

solid solubility. (In your sketches label phase fields and give characteristic temperatures.)

The Cs-K phase diagram is given on the next page. Refer to it in answering the following

questions.

(a) For a sample of composition 20 at. % Cs and 80 wt. % K held at 10°C, determine
(i) the composition of the solid phase present at equilibrium
(i) the composition of the liquid phase present at equilibrium
(iii) the relative amounts of solid and liquid phases present at equilibrium

(b) For a sample of composition 50 at% Cs and 50 at% K held at -37.5°C,
(1) what phases are present at equilibrium?
(i) what is the composition of each phase?
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4. (a) At each of the following coordinates on the binary phase diagram of NaCl - H,O (see next
page) at 1 atmosphere pressure, (1) identify the stable phases,

(ii) give their compositions, and

(iii) calculate their relative proportions:
(1) 10% NacCl, 0°C
(2) 10% NacCl, -10°C
(3) 10% NacCl, —25°C

(b) For a solution of 23.3% NaCl in H,O at -21°C,
(i) identify the stable phases present, and
(ii) give the composition of each phase

10 50

liquid solution
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5. (a) For each of the following Ag-Cu alloys state all phases present at the specified
compositions and temperatures. Phase diagram given below.
(i) c = 20 atomic per cent Cu, T =900°C
(i) c = 20 atomic per cent Cu, T =800°C
(iii) ¢ = 20 atomic per cent Cu, T =700°C
(iv) ¢ = 5 atomic per cent Cu, T =700°C
(v) ¢ = 80 atomic per cent Cu, T =800°C

(b) For the Ag-Cu alloy, c = 70 atomic per cent copper, calculate the relative amounts of all
phases present at T = 600°C.
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Fig. 11. Ag-Cu
6. (a) For each of the following Pb-Sn alloys state all phases present at the specified

compositions and temperatures. Phase diagram given on the following page.
(i) ¢ = 10 atomic per cent Pb, T =300°C
(i) c = 10 atomic per cent Pb, T =200°C
(iii) ¢ = 10 atomic per cent Pb, T =100°C
(iv) ¢ = 90 atomic per cent Pb, T =200°C
(v) ¢ = 60 atomic per cent Pb, T =200°C
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(b) For the Pb-Sn alloy, ¢ = 60 atomic per cent lead, calculate the relative amounts of all
phases present at T = 200°C.
WEIGHT PER CENT LEAD
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Fig. 601. Pb-Sn

1. Given the triple point of copper (Cu) and data provided in the Periodic Table, sketch a
reasonable P/T equilibrium phase diagram for copper.
Triple point: T+ =1080°C
Pr=6.1x 107 atm
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1. (a)
1500
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(b)
composition composition
T (°C) (atomic % Ni) Phase (atomic % Ni)
1120 15 solid 17
liquid 07
1200 55 solid 55
1300 60 solid 68
liquid 45
2. (a)
T liquid -
Mg
T,
solid
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(b)
TmA g liquid
TmB
T I+ A |+ B
(A +B)
A éE B
(c)

*

3.(a) (i) 11 at% Cs which we shall designate ¢

solid

*

(i) 23 at% Cs which we shall designate ¢

liquid
co_¢ _
(i) solid fraction = —d —~ - 23220 _ 5
Ciiquia — C 23-11

solid
(b) (i) one liquid phase and one solid phase
(i1) both phases are identical in composition: 50 at% Cs — 50 at% K
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4,
10 ~ 150
liquid solution
(brine) 140
o 0 — 30
>
T ~
g 8 c 23.3% 120
c ~10 i NaCl
2 a b —1 10
-21°C —]
-20 [— 0
ice + salt — =10
| | | | | |
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(@ (1) (i) brine —all liquid

(b)

()

(3)

(if) 10% NaCl in H,O

(iii) 100% liquid

(i) solid ice (H20) + liquid brine
(if) solid — pure H,O

liquid = 15% NacCl in liquid H,O
(iii) use lever rule:

) b
% ice = 2 x 100 = 30%
ac

. b
% brine = &2 x 100 = 70%
ac

(i) pure ice (H20) + pure salt
(ii)
(iii) 10% NaCl; 90% H,0

ice phase = 100% H,0; salt phase = 100% NaCl

(i) brine (liquid) + 2 solids: NaCl (s) + H2O (s)

(if) 23.3% NaCl in water
pure NaCl (solid)
pure H,O (solid)

temperature

page 7

(°F)
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o. (@ (i) allliquid
(it)  liquid + Ag-rich solution of Ag-Cu (denoted oo Ag)
(iii) Ag-rich solid solution of Ag-Cu (denoted oo Ag)
+ Cu-rich solution of Ag-Cu (denoted o, Cu)
(iv) Ag-rich solid solution of Ag-Cu (denoted o AQ)
(v) liquid + Cu-rich solution of Ag-Cu (denoted o Cu)
(b) % (Cu-rich solution of Ag-Cu) = ;g — 2 x 100% = 70%
98 — 70

% (Ag-rich solution of Ag-Cu) = x 100% = 30%

6. (@ (i) allliquid
(it)  liquid + Sn-rich solution of Sn-Pb
(iii)  (Sn-rich solid solution of Sn-Pb)
+ (Pb-rich solid solution of Sn-Pb)
(iv) Pb-rich solid solution of Sn-Pb
(v) liquid + (Pb-rich solid solution of Sn-B)

(b) % liquid = 83200 100% = 31%
73 - 31
: . . 73 — 60
% (Pb-rich solid solution of Sn-Pb) = 331 x 100% = 31%
1.
2
log P (atm)

v




