
 Practice Problem Set # 4 			 MECH 221			 October 2015
[bookmark: _GoBack]Note: These questions will be discussed during the tutorial sessions on October 30th.

Question 1. Using the Cu-Ni phase diagram, calculate how many kilograms of nickel must be added to 1.75 kg of copper to yield an alloy with a liquidus temperature of 1300°C?

[image: C:\Users\umroot\Desktop\phpxTkht9.png]
Solution: 
According to the copper-nickel phase diagram, the composition at the 1300°C liquidus temperature is about 43 wt% Ni. In order to determine the amount of nickel that must be added to 1.75 kg Ni, it is necessary to use Equation 4.3a. If we let mNi represent the mass of nickel required, then Equation4.3a takes the form: 

43 wt% Ni=mNi / (1.75kg + mNi) × 100

And solving this expression for mNi leads to mNi= 1.32 kg


Question 2. A 50 wt% Pb-50 wt% Mg alloy is slowly cooled from 700°C (1290°F) to 400°C (750°F). 

(a) At what temperature does the first solid phase form? 
(b) What is the composition of this solid phase? 
(c) At what temperature does the last liquid solidify? 
(d) What is the composition of this last remaining liquid phase?

[image: ]
Solution:
[image: ]
(a) Upon cooling from 700°C, the first solid phase forms at the temperature at which a vertical line at this composition intersects the L-(α + L) phase boundary., about 560°C; 
(b) The composition of this solid phase corresponds to the intersection with the α-(α + L) phase boundary, of a tie line constructed across the α + L phase region at 560°C, 21 wt% Pb-79 wt% Mg; 
(c) Complete solidification of the alloy occurs at the intersection of this same vertical line at 50 wt% Pb with the eutectic isotherm, about 465°C; 
(d) The composition of the last liquid phase remaining prior to complete solidification corresponds to the eutectic composition, about 67 wt% Pb-33 wt% Mg.

Question 3. Consider 1.0 kg of austenite containing 1.15 wt% C, cooled to below 727C (1341F). Use the Fe-Fe3C phase diagram below and answer the following questions: 
	(a) What is the proeutectoid phase?
	(b) How many kilograms each of total ferrite and cementite form?
	(c) How many kilograms each of pearlite and the proeutectoid phase form?
[image: ]
	Solution
	(a)  The proeutectoid phase will be Fe3C since 1.15 wt% C is greater than the eutectoid composition (0.76 wt% C).
	(b)  For this portion of the problem, we are asked to determine how much total ferrite and cementite form.  Application of the appropriate lever rule expression yields




which, when multiplied by the total mass of the alloy (1.0 kg), gives 0.83 kg of total ferrite.
	Similarly, for total cementite,




And the mass of total cementite that forms is (0.17)(1.0 kg) = 0.17 kg.

	(c)  Now we are asked to calculate how much pearlite and the proeutectoid phase (cementite) form.  Applying Equation 9.22, in which  = 1.15 wt% C




which corresponds to a mass of 0.93 kg.  Likewise, from Equation 9.23




which is equivalent to 0.07 kg of the total 1.0 kg mass.

Question 4: 

For a Pb-Sn alloy of composition 40wt%Sn-60wt%Pb, make schematic sketches of the microstructure that would be observed for conditions of very slow cooling at the following temperatures: 300°C, 210°C, 190°C, 180°C. Label the phases and indicate their compositions (approximate).


 [image: ]Solution:

[image: ]

Question 5: 
Compute the mass fractions of proeutectoid ferrite and pearlite that form in an iron–carbon alloy containing 0.25 wt% C.

Solution
The mass fractions of proeutectoid ferrite and pearlite that form in a 0.25 wt% C iron-carbon alloy are considered in this problem.  From Equation 9.20




And, from Equation 9.21 (for proeutectoid ferrite)
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